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1. BACKGROUND AND PURPOSE

Traffic signal systems are benefiting from the micro-computing and technology explosion of the past several decades. These new systems are more adaptable, more reliable, and often cheaper (in real dollars) than traffic signal systems of the past.  However, these new technologies, and new capabilities enabled by them, introduce difficulties in procurement. There are several reasons why modern traffic signal procurements are more difficult. The key differences relate to the following factors:

· The Maturity Of The Technology. Technologies for traffic signal systems are relatively new and rapidly changing. Sometimes, the technology changes so quickly that what is specified at the beginning of a project may change by the end. 

· Design Criteria And Standards. Because the traffic signal technology and associated capabilities are so dynamic, there are few, if any, design or process criteria and standards to guide implementation. It is difficult for traffic engineers to determine what type of traffic signal control timing plans (and supporting software) they need, what type of detection hardware is best, and so on. Some agencies have expressed a desire for FHWA to provide specifications that will help them successfully procure systems. Others have hoped that FHWA might develop approved lists of equipment and software, certifying that it will meet certain requirements.
· The Ability To Innovate. Because the traffic signal system/technology industry is constantly introducing new technologies, new software solutions, and new concepts, imaginations are sparked and innovations are more frequent. It is common for traffic signal system projects to include new software, new components that have never been integrated before, new communications methods, and new institutional processes. Innovative projects require management processes that are adaptable and responsive to changes as the projects evolve. 


This technical memo outlines a suggested procurement methodology that can support agencies in defining their signal system needs and communicating those needs in a procurement. Specifically, it answers the following questions:

· Functionally and operationally, how can agencies define their traffic signal system needs? 

· How can those needs be translated into a signal specification that can be successfully procured?

2. METHODOLOGY AND INPUTS

This report is based on two key inputs. First and foremost, it is based on the input of staff at nine agencies responsible for traffic signals across the country. Table 1 provides the key contacts at these agencies, and notes the number of traffic signals in their systems. One of the criteria in selecting agencies to be interviewed was diversity in location, size of systems and type of control used. These agencies also have long histories of traffic signal implementation.

Table 1 – Interview Subjects

	No.
	Location
	Interview Subject
	Number of Signals

	1
	City of Dallas, TX
	Beth Ramirez
	1300

	2
	City of Portland, OR
	Bill Kloos
	965

	3
	City of Bellevue, WA
	Dirk Mitchell
	152

	4
	Hennepin County, MN
	Jerry Smrcka
	650

	5
	City of Chicago, IL
	Chris Krueger
	3000

	6
	City of Mesquite, TX
	Rick Barry
	87

	7
	City of Columbus, OH
	Steve Jewel
	910

	8
	City of San Leandro, CA
	Ray Davis
	58

	9
	City of Philadelphia, PA
	Charles Denny
	1000


The selected agencies reflect a cross-section of procurement and operating experience. Among them, the investigation was able to touch on experience with the following types of traffic signal control systems:

· Closed-loop systems

· Centralized, majority-off-the-shelf, systems

· Centralized, new software, or not majority off-the-shelf systems, including control platforms that integrate signals, dynamic message signs, and cameras (although the focus will be on the signal control elements).

· Isolated signal systems, and local-master signal systems 

In addition, the agencies collectively represent expertise in operating under various types of signal timing schemes, including:

· Fully actuated

· Time-of-day (TOD)

· Time-based coordination (TBC)

· Traffic responsive

· Traffic adaptive

The second input to the recommendations are methods outlined in two National Highway Institute (NHI) courses: Intelligent Transportation System (ITS) Software Acquisition, and ITS Procurement. Both courses address traffic signal systems and are based on lessons learned from practitioners across the US.

2.1 Procurement Processes

Based on the interviews and the NHI course inputs, this report presents two suggested procurement processes that will contribute to successful procurements – one for equipment and one for systems and software. The figures, below, provide an overview of the suggested processes. The remainder of the report describes the steps in each process. 

2.1.1  A Process For Procuring Hardware/Equipment 

The flow chart, below, indicates that the procurement process for hardware or equipment is as follows:

· The first step is to define your operational needs. 
· From that decision, your functional needs can be defined. 
· With the funcitonal needs understood, you can either define your technical requirements/specifications; consider a best value procurement; or do both.


Each step is defined in detail in sections 3 and 4 of this report.

2.1.2 
A Process For Procuring Software and Systems 
The flow chart in the figure, below, indicates that the process for software and systems procurement is as follows:

· First, define your operational needs. 
· Next, based on the operational needs, your functional needs can be defined. 
· The functional needs are then translated into a set of system requirements. The system requirements clearly define what the system should do.

· Next, the system technical requirements/specifications can be defined. 

· Both the functional and associated technical requirements/specifications should then be ranked from most to least important.

· Next, you can either list all the requirements in a Request for Proposal (RFP) or Invitation for Bid (IFB); consider a Task Order contract; or both.  At the same time, you should define your acceptance tests. 
· Next, you can identify special considerations for the selection process. 
· Last, after selection, contract negotiations can begin.







Each step is defined in detail in sections 3 and 4 of this report.

3. NEEDS IDENTIFICATION

This section addresses methods to identify on-street operational (i.e. signal timing) and functional (i.e. equipment and system features) needs. 

3.1 Operational Needs 

All of the agencies interviewed noted that the best means to identify operational needs is based on an understanding of their own transportation network, combined with a depth of understanding of the capabilities of various timing schemes, including those already in place. This means spending time in the field, and driving around the area at different times of day, and on different days of the week throughout the year. Observing traffic from a control center using video cameras is also helpful. 

Some agencies use consultants to make periodic reviews of phasing, timing schemes and overall signal timing plans. These agencies have the expertise to perform the work in-house, but are stretched too thin to do it. All agencies rely on consultants or their own staff to develop and model timing plans before they are implemented.

Another key input to understanding operational needs is public input. Two agencies noted that they use their public complaint logging system as a resource. 
Using these types inputs, about one-half of the agencies contacted have already implemented or are considering adaptive control to improve traffic flow. Identifying corridors where traffic adaptive control would be helpful has been based on various approaches. The City of Chicago elected to participate in an FHWA-sponsored test implementation of traffic adaptive control. Their hands-on experience helps them identify candidate arterials for adaptive control. 

One clear message was received in the interviews. The agency staff noted the importance of learning as much as they could from attending meetings, conventions, and seminars sponsored by local or national Institute of Transportation Engineers (ITE) and the Intelligent Transportation Society of America (ITSA). By visiting with their peers, vendors, consultants – as many resources as possible – they feel more confident in identifying operational needs.

And…

Be sure that your have the resources and technical capabilities to implement a new operational scheme. On the resources side, ensure that you have made every attempt to get the most out of your current system/timing/coordination scheme before changing. Keep the detection in good working order, check/update the timing regularly. As the City of Bellevue put it:

 “You must be able to apply resources to properly operate a signal system. A new timing scheme will not help you if you aren’t operating your current one. Get the most out of what you have first! Once you have reached the edge of it’s capability, then you know you need more. “ 
In terms of technical capabilities, ensure that you have the operational, engineering and field staff to implement new timing schemes. As technology introduces new capabilities, new skills are needed to match those capabilities. If you think you may be going beyond your skill set, work to get training, increase your capabilities, or decide to wait until you are better prepared. 

3.2 Functional and Equipment Needs

This section addresses identification of functional needs and the equipment needed to meet an agency’s operational requirements. Functional and equipment needs go beyond timing plans and coordination schemes to address the details of how software and equipment provide the operations. They also address the full range of functions that define the business of traffic signal operations including maintenance functions, maintainability, reports, reliability, and other functions. Some examples of functional and equipment needs include:

· the need for an integrated platform for signals and other ITS systems or devices

· the need for longer component or equipment life

· the need to be able to generate reports

· the need for a particular brand or type of controller

All of the agencies interviewed agreed that the best way to identify functional and equipment needs is to bring together all of the “right people” and simply hash it out in a working session. Each agency, depending on their in-house capabilities, systems and resources has various means of ensuring that the “right people” are involved.

First, who are the “right people”? They must include staff knowledgeable in:
· Operations 

· Engineering 

· Planning

· Law Enforcement

· Transit

· Field operations and maintenance  - the staff that will be installing and operating the field components.

· Telecommunications engineering and equipment experts – especially if you are using fiber optic cable or wireless communications

· Management/decision-makers. 

To help prepare for the needs working session, the agencies contacted for this report noted that it is important to review the latest in vendor products. Many products introduce new capabilities that address problems that  could not be addressed before. As one interviewee put it: “You don’t know you need what you don’t know exists.”

During these working sessions, specific equipment needs are identified based on your functional needs and operational goals. For example, identifying a need for central control software is typically based on meeting operational goals. In addition, reducing staff travel time to trouble spots is also a key input to selecting central control software.  All of the agencies relied on vendor demonstrations, on visiting vendor booths at trade shows (ITE and ITSA), and on visiting peer agencies to determine the type of software they needed. 

Telecommunications needs are also covered in working sessions. Many agencies in the US are moving from copper to fiber optic communications systems. Most have noted that they need fiber optic to support video transmissions, or that the introduction of National Transportation Communications for ITS Protocol (NTCIP) compliant controllers increases telecommunications overhead so much that fiber optic is the only means to ensure adequate telecommunications bandwidth.  Three of the agencies interviewed stressed the importance of including maintenance staff on these conversations. Maintaining fiber optic cable and equipment is much different from copper. Staff must be trained in fiber optic technologies to ensure that the system is successful. In addition, fiber optic cable maintenance requires special equipment not typically found at most traffic maintenance shops. 

4. COMMUNICATING NEEDS IN THE PROCUREMENT

This section defines methods to help procure products that meet clearly defined needs. The processes outlined below differ depending on whether the item being procured is a good (such as a piece of equipment or off-the-shelf software), a service (such as software development, or system integration) or a combination of the two (such as provision of central control system hardware and software). For clarity, the information is divided into two sections. The first addresses procurement of hardware or other fixed goods. The second addresses services or combinations of goods and services, which are characterized here as software and systems.

4.1 Procuring Hardware

Based on the interviews, two key issues were identified related to procuring hardware. First, there are difficulties procuring new technologies. (A technology is considered new in this report if an agency has not previously used it.) The second issue relates to sole source procurements. Several agencies responded by saying that the best way to ensure that you get what you want is to sole source. At the same time, they recognized that there are several downsides to sole source procurements. 

New technologies are difficult to procure because there are no in-house specifications to rely on (other than the vendor-developed specifications), no agency experience implementing and operating the item, and no in-service experience to provide input to specification development. Because of these gaps in information and resources, a new approach is required to procurement. 

The agencies interviewed provided insight into the pros and cons of sole source procurements. Many traffic signal systems are proprietary, and require that hardware be supplied by a single manufacturer. Typically, sole-source procurements result in marginally higher prices per unit. The agencies we spoke with did not mind paying the slightly higher price, as long as the vendor provided good service. In some cases, the sole source vendor did not provide good service, or the service level changed for the worse over the term of the contract. In these cases, the agencies wanted to be able to readily change to another product to maintain an acceptable service level. 

Agencies were also concerned about creating conditions that reduced the amount of competition in the market place. This concern related both to the level of price competitiveness and service competitiveness that can be maintained. 

A few agencies noted that they prefer sole source for certain items because they can be assured that they get what they want. These agencies typically tested out equipment in the field before selecting a preferred product. 
4.1.1 A Process For Successfully Procuring Hardware 

Given the considerations outlined above, a process that eases procurement of new technologies and helps address the sole source question is suggested. 

1. Define your operational needs (as described in Section 3).

2. Define your functional needs (as described in Section 3).

3. Define your technical requirements/specifications. 

Once the operational and functional needs are clearly understood, they must be translated into specifications. It is critical to ensure that your specification outlines the complete environment in which the item will be operating. Note features of the communications systems, the operating software, the other components that will be connected and other key features. These should be derived from the operational and functional needs.

There are several approaches to developing specifications that meet your needs. The following provides some successful approaches:
· Rely on your peers. For new devices, specifications need not be written entirely from scratch. Ask around – you are probably not the very first agency to implement these devices. Use the specifications others have developed – but make sure you quiz the project engineer on the pros and cons of the specification.  

· Rely on vendors. Some agencies have used vendor specifications to develop their own specifications. There are some cautions to be heeded when doing so. First, be careful if you are pulling together a specification that is based on combining features from several different items. You may not be able to purchase an item based on this “hybrid” specification. Also be careful not to over-specify so that only one responder can bid. Lastly, be concerned about the implementing environment. The specifications must work in the field. Consider the temperature extremes, the vibration, moisture and humidity, and the amount of use the item will receive. You can add these items to the specification and ask for a warranty. You may have to pay for the warranty, but this may be money well spent. 

· Have vendors review the specifications before you procure. You can send your specifications directly to vendors, or issue a Request For Information (RFI) asking vendors to respond to the draft specification. You should check your state and local law to determine if an RFI is allowed in your jurisdiction. Typically, the RFI process requires that each comment receive a formal response, and that all comments and responses be available to all responders. Your laws and policies may dictate a different processes for RFIs, and you should check with your contracting office to confirm your processes. 
· Test vendor samples. In cases where there is a potential for a large purchase, vendors often are willing to supply free test samples to agencies. Be sure to define the test clearly, and document the results including the installation parameters. Allow vendors to change out early failures – you might have received the anomaly in the batch. Be scientific in your test approach so the results are defensible, particularly if you choose to go sole source after testing. Specifications for an open procurement can be developed based on the test results.  

· Procure one item each from several vendors. Write your specification as best you can, and issue an Indefinite Quantities Contract (IQC) that allows you to purchase from multiple vendors that meet your specifications. Note in your procurement package that there is no minimum purchase. Buy one item from each vendor, and test them (as noted above). Based on the test results, you can procure additional items from only those vendors that perform well on the tests. You’ll only be stuck with one or two “clinkers”, rather than a complete purchase that is less than desirable. This approach also mitigates somewhat against the problems associated with sole source procurement. 

4. Consider a “best value” procurement. 

A best value procurement allows you to combine features and price in your selection. Your specification may outline a minimum requirement. Responders should note how they exceed the specification. Based on the combination of price and features, make the selection.

Example Equipment Procurement

Appendix B contains an example RFP from the Utah DOT to procure NTCIP-compliant hardware, including signal controllers. This was a best value procurement, and has been highly successful. The procurement is provided as a good example of how to structure a best value, multiple vendor equipment procurement. 
4.2 Procuring Software and Systems

Software and systems procurement poses similar issues as equipment and hardware procurements. However, the additional complexity of software and systems procurements presents additional concerns with respect to managing the procurement. Interviewees had attempted and looked for means to manage complex software and systems projects without over specifying the work. Overspecification of systems and software projects can lead to problems of inflexibility, inability to respond to introduction of new technologies, and constraining the software developer’s approach. The following process is based on the most successful systems and software procurements, and provides guidance on using the procurement process to help manage the complexity inherent to systems and software projects. 
4.2.1 A Process For Successfully Procuring Software and Systems 

The following process relates to the purchase of central control software and systems that require software or system development. In an abbreviated form, the process is also useful for procuring off-the-shelf systems, such as closed-loop systems.  
1. Define your operational needs (as described in Section 3).

2. Define your functional needs (as described in Section 3).

3. Translate these needs to a set of system requirements. 

At this point, begin adding detail to the operational and functional needs by defining functional requirements. There are five types of requirements:

· Functional (e.g. capabilities, manual/automated, equations)

· Performance (e.g. response time, capacity, security, safety)

· Interface (e.g. to/from devices, other systems or jurisdictions)

· Inputs (e.g. sources, ranges)

· Outputs (e.g. destination, frequency)

Questions to consider include: Do you want remote dial-up operation? Alarms? What type? How should the user interface be configured? Do you want a GIS-based interface? A map? A line drawing? An aerial photo? You may need assistance in answering these questions. 

The agencies interviewed for this report all agreed that the more detail you provide the better, especially when building rather than buying a system. This step takes considerable effort, but pays off. You may not find a system that meets all of your requirements, but you will have a base from which to start negotiations.
4. Define your technical requirements. 

Technical requirements outline required technical approaches to the solution. They include the type of computer or processor to be used, the computer language required, and the detailed components specifications. Only define the technical requirements that are absolutely needed for success. Note minimum requirements, and allow for technical flexibility in the responder’s bid. Many agencies have required that new off-the-shelf systems be implemented in such a way that their old equipment will be able to work in the new environment. These agencies were hoping to save money, and thought it would be too expensive to replace their existing equipment. In reality, it is often more expensive to hang onto old equipment that does not readily integrate with the new. Allow vendors to provide cost estimates to integrating the old items, as well as for replacing the old items and integrating new equipment. 

Ran
5. k the requirements. 

Once you have developed your requirements in detail, rank them from “must have” to “highly desirable” to “don’t really need, but would be nice”. The items in the “don’t really need” category can sometimes be identified easily, because they often do not map to an operational or functional need. The ranked requirements can be used to assess vendor/contractor responses, and are very useful if using a “best value” approach to selection. 

6. Clearly list the requirements in the RFP/IFB. 

You may choose to reveal your rankings or not in the RFP or Invitation for Bid (IFB). You should also consider asking vendors to note in their bid which of your requirements are in their base package, and which are not. Ask them to price the features to be developed, or to note that they cannot develop them at a reasonable price. Consider procuring based on best value, not low bid. You can procure the system that provides the most features at the best cost.

7. Additional considerations in the selection process. 

Always check references. Also, consider paying a visit to a location where the system(s) being considered is installed. Many agencies perform these visits before the RFP to help them understand what is available. Visiting as part of the selection process will help you confirm the claims made by responders. You should have a checklist of items you are reviewing at each site you visit, to ensure a fair competition. 

8. Contract negotiations. 

You should try to ensure that you and your selected contractor agree on the requirements during contract negotiations. Spend time during negotiations discussing the requirements, adding clarifications if needed. Everyone interprets the written word slightly differently, and this can lead to problems. To help you during this process, you may want to walk through the vendor demo with the vendor Note in the RFP that this process will be part of negotiations. 

If your requirements are extensive, and there needs to be a great deal of clarification, or, if you must do some up-front work before you can clarify your requirements, consider restructuring your procurement approach to allow you and the contractor to work together as a team to develop and clarify requirements. The task order contract approach, described below, can help. 

9. Consider A Task Order Contract. 

Task order contracts allow you to break the work into small pieces, managing each small piece individually. This approach provides a great deal of flexibility on projects that include complicated, technically difficult, or risky work. Under a task order contract, you and the contractor agree to the overall scope of services, method(s) of payment and other basic items up front. However, work cannot proceed until an individual task scope of work is written, costed, scheduled and agreed on by both parties. Write as many and as large a task as can be clearly defined. 

One example of using a Task Order approach would apply to a closed loop system that is majority off-the-shelf, but is being modified to enable several special functions not included in the base system. You may choose to implement the base system under a Fixed Price task order. The special functions can be pursued as individual tasks. The tasks can be priced as fixed price, or based on cost reimbursement, depending on the nature of the work. For the new special features, begin with highest ranked one. Do them one by one, task by task, until the contract maximum is reached.
10.  Define Your Acceptance tests.

11. 
It is important to include clearly defined acceptance testing procedures and acceptance criteria as part of the contract. In addition, several agencies cautioned to make sure to test each component of a system (or module or software) as the system is being built. Many had stories of trying to track down the source of a test failure when testing was done only once at the end of the contract. Acceptance tests mark the end of individual tasks. Staff from the City of Dallas noted that these procedures and criteria might change after the contract is signed, but that can be negotiated later on. If the acceptance tests are not included in the contract, you may not get them. 

Summary – Systems and Software

Treat procurement as a continual process – not simply a fixed point. This means that you will not likely be able to completely communicate all of your requirements in such a way that your selected vendor will understand them the way you do. Allow time to clarify and work together during selection and after. The process outlined in this paper is designed to allow you to do just that. As one interviewee said:

“You may think that when you said you wanted red, that red was very clear. So the vendor gave you something you think is purple, but the vendor says is red. Make sure you agree on what RED is before it is too late.“

Example System Requirements

Appendix B contains an example of a requirements document developed by the City of Bellevue for their most recent procurement of an upgrade to their existing central control software system. Although the RFP seems detailed, they still believe they should and could have added more detail.

5. OTHER KEYS TO SUCCESS

The agency staff that participated in the interview process had much to say on the topic of traffic signal system procurements. The following reflects some of their advice, and reinforces the processes suggested in this report. 

· If it seems too complicated or difficult, it probably is. If you can’t get help or training, keep it simple. Keep to the basics both operationally and functionally. 

· Involve your procurement and contracting staff early on. When procuring new technology, there are many options available beyond the traditional procurement methods for road and bridge construction. 

· Having a signal testing lab at your agency or available to you from another agency greatly contributes to success.

· Low bid does not work well for new technologies, or for software development. These items are not readily described in detail. Instead, select based on qualifications, or a combination of qualifications and costs, if a portion of the work can be costed.

· Assign responsibility and risk appropriately when developing a project and a contract. For example, the City of Chicago bundles their closed loop systems with the required telecommunications infrastructure. This allows the contractor to provide the complete system, and avoids any issues with systems installed by others. If you must use an existing telecommunications system, ensure that you set aside resources for potential testing and modifications.
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1. GENERAL INFORMATION

This Request For Proposal (RFP) is for the supply of Advanced Traffic Management Systems (ATMS) equipment to the Utah Department of Transportation (Department) for a five year period. The Department plans to install, operate and maintain an ATMS for the greater Salt Lake City metropolitan area.


The work under this contract consists of furnishing equipment for the ATMS, including vehicle detection, signal controller equipment, ATMS controllers and cabinets, 2070 controllers, variable message signs, closed circuit TV assemblies and other equipment as described in the technical specifications of this RFP.


The purpose of this Request For Proposal (RFP) is to solicit technical and price proposals from prospective bidders to supply the required equipment, assist in programming controller equipment, provide certain field inspection and fine-tuning services, access to spare parts,  and provide training to the Department in use of the ATMS equipment.  This RFP provides prospective bidders with information on the equipment and services that will be required in order to permit the bidder to prepare a technical and price proposal.

I. INSTRUCTIONS TO BIDDERS

This document is organized so that the ATMS equipment is specified according to seven distinct categories.  Each category of equipment is described in detail in a separate section attached to this RFP.  Bidders may consider each category independently when preparing their proposal.  The intent is to allow bidders to submit proposals to supply equipment under any category (or categories) for which they are qualified.


The bid sheets are organized according to the separate categories of equipment specified herein.  Individual equipment items are listed on the bid forms under each category.  When  submitting a proposal for a category of equipment, ALL ITEMS IN THAT CATEGORY MUST HAVE A BID PRICE and be included in the total price proposal.  The only exception to the requirement to bid all items in a category is for category 5 - Variable Message Signs.  In this category only, bidders may bid selectively on individual equipment items without the requirement to bid all equipment items in that category. This exception applies only to the VMS equipment items of category 5.  All bidders for category 5 must still bid the items for Training, Engineering Field Services, and Allowance for Miscellaneous Items under that category. 


Bidders will be required to submit separate Technical and Price proposals.  Technical proposals must be submitted in a three ring binder.  One original and ten (10) copies of the Technical proposal are required.  Price proposals must be submitted in a separate sealed envelope.  One copy of each relevant bid sheet is required in the price proposal.  The outside of the Price proposal envelope must be labeled to identify the name and address of the bidder, Project title, requisition number, and due date.


Included along with the bid sheets is a Proposal Declaration Sheet  which lists all the equipment categories described in the appendices of these special provisions.  This sheet is to be used to identify the category, or categories, for which a proposal submission is being made.  This sheet must be completed and included in both the Technical and Price proposal packages.  The Proposal Declaration sheet shall be bound at the beginning of the technical proposal immediately following the cover. The purpose of this sheet is to clearly indicate up front the categories and equipment addressed by each proposal.

II. ADMINISTRATIVE AND CONTRACTUAL INFORMATION
A.
INTRODUCTION

The following paragraphs represent several administrative points related to this RFP which should be carefully noted by those submitting a proposal.

B.
AGREEMENT

The selected bidder(s) will be expected to enter into a formal agreement with the State. The form of the proposed contract is attached as Appendix B. The bidder's proposal, and other terms within this RFP will become part of the resulting contract.

C.
ISSUING OFFICE

This RFP shall be governed by the laws of the State of Utah, and is issued by the Division of Purchasing, Department of Administrative Services.

D. 
OPTION FOR COUNTY AND LOCAL GOVERNMENTS AND THEIR CONTRACTORS TO PURCHASE ITEMS AT CONTRACT UNIT PRICES

The bidder agrees that, if he/she is awarded the contract with the Department, he/she will also sell to any County or Municipal government in the State of Utah, or their contractors, any item at the contract unit prices during the term of the contract.  All references to the State of Utah or Department of Transportation in these specifications will also apply to any purchaser of the equipment under this contract.  This may include local governments and contractors.

E.
REJECTION OF PROPOSALS

The State of Utah reserves the right to reject any and all proposals received as a result of this request.

F.
INCURRING COSTS

The State of Utah is not liable for any costs incurred by bidders prior to the issuance of any agreement, contract, or purchase order, and will not pay for information solicited or obtained.

G.
RESPONSE DATE

In order to be considered for selection, proposals must arrive at the State of Utah, Division of Purchasing on or before the time and date, as specified on the cover sheet of this RFP. When responses to inquiries or addenda so require, the response date will be extended.

H.
BIDDER PROPOSALS

In order to be considered for selection, bidders must submit a response to the RFP using the formats specified and provided in this RFP. Each proposal must be submitted to the Division of Purchasing as an original and ten (10) additional complete copies. 

I.
ECONOMY OF PREPARATION

Proposals should be prepared simply and economically, providing a straightforward, concise description of the equipment and capabilities of the vendor. Emphasis should be on completeness and clarity of content.

J.
DISCLOSURE OF PROPOSAL CONTENTS

All proposal information will be held in confidence and may not be revealed or discussed with competitors. All material submitted becomes the property of the State of Utah and may be returned only at the State's option, unless specifically stated otherwise in the RFP. Proposals submitted may be reviewed and evaluated only by those officials who have a legitimate interest.

K.
PROPRIETARY INFORMATION

Bidders are requested to mark any specific information contained in their proposal which is not to be disclosed to the public or used for purposes other than evaluation of the proposals. Pricing and service elements of the proposal will not be considered proprietary. If elements of the proposal are  marked as proprietary, the Department's Procurement Manager will determine whether the information can be kept confidential, and notify the bidder. If the bidder does not agree with this determination, the proposal may be withdrawn from consideration.

L.
DISPOSITION OF PROPOSALS

Proposals become the property of the State of Utah Department of Transportation, are treated as privileged documents and are disposed of according to Department policies. The proposal of the successful bidder, excluding proprietary information, shall be open to public inspection for a period of 90 days after award of the contract.

M.
INQUIRIES

If additional information is needed regarding contractual or bidding requirements outlined in this RFP, please contact:



Ms. Terri Theobald, Purchasing Agent



Utah Department of Transportation



4501 South 2700 West



Salt Lake City, UT 84119



Telephone (801) 965-4071


Inquiries regarding technical specifications shall be directed, in writing (or faxed) to:



Dave Kinnecom



Traffic Management Engineer



Utah Department of Transportation



4501 South 2700 West



Salt Lake City, UT 84119



Phone
(801) 965-4910



FAX
(801) 965-3845

N.
ORAL PRESENTATIONS

Bidders who submit a proposal may be required to make an oral presentation of their proposal or portions thereof to the Utah Department of Transportation. The Department will schedule the time and location for any presentation.

O.
SAMPLES

Bidders may be asked to submit, or make available,  samples of their equipment for a 30 day non-destructive testing, inspection and evaluation period, prior to selection of a vendor and award of a contract. Samples will be returned to the vendor following the 30 day period.

P.
NO GUARANTEE TO PURCHASE

The State does not guarantee to purchase a certain quantity under the proposed contract. The estimated quantities are for bidding purposes only and are not to be construed as a guarantee to purchase. 


The State may choose to issue more than one contract for any bid item. If more than one contract is awarded, the quantities indicated on the Bid Form may be significantly decreased. Bidders shall indicate in the proposal if the bidder WILL or WILL NOT accept a contract at their unit bid prices for only a portion of the indicated quantities.

Q.
CONTRACT TO INCLUDE ALLOWANCE FOR MISCELLANEOUS ITEMS

The bid form contains an allowance for purchase of miscellaneous small items. For the purpose of evaluating bids, the amount of this allowance will be the same for all bidders and will be added into the total contract bid. 


The allowance will be included in the contract of the selected supplier. If more than one contract is awarded, the amount of the allowance may be pro-rated among the contracts.


Under this item, UDOT may purchase miscellaneous Advanced Traffic Management System equipment such as spare or replacement parts in small quantities on an as-needed basis.  


The proposal shall contain a price list for various spare parts typically provided by the Bidder, plus those specifically identified under the Allowance Item in each category of the technical specifications.  Payment for these items will be made according to the price list, less any discount offered.  This price list shall be included in the Price Proposal.

R.
PRICE ESCALATION

Upon award of a contract, the unit prices proposed by the Bidder, and accepted by the state, shall apply for a period of three (3) years.  After the three year period, the Contractor may make an application in writing to increase the unit prices, for consideration by the State.  The Contractor must provide documentation of corresponding increases to his raw material and labor.  Acceptance of any increases to unit prices is subject to approval by the State.

S.
NEW PRODUCTS

If new products are developed by the Contractor after award of the contract, the Department may buy those items under the terms of this contract.  The price for new products will be based on a percentage discount from the Contractor's published retail price list for such products.  The bid proposal form shall indicate the Bidder's proposed percent discount offered to the State for new products not specifically described in the technical specifications

T.
CONTRACTOR RIGHT TO PURCHASE

UDOT is currently planning that the installation of much of the  ATMS equipment selected under this RFP will be installed by a contractor to UDOT under an accelerated schedule beginning early in 1997.  UDOT's typical practice for contracted installation of traffic controllers and other equipment is to purchase the equipment directly from its vendor, and then to provide the equipment to its construction contractor. 


However, due to the proposed construction schedule of the Salt Lake ATMS, UDOT wishes to develop means to expedite the equipment ordering, delivery, and acceptance process for this project.  Therefore, the following provisions will apply to the successful Bidders selected through this RFP:


1. Successful Bidders will enter into a contract with UDOT which will establish unit prices and other conditions specified in this RFP , such as payment terms, guarantees, field support and delivery dates.


2. UDOT will authorize the ATMS construction contractor to purchase equipment directly from UDOT's equipment contractor.  The ATMS construction contractor will have the right to purchase from the equipment contractor under the terms of the State contract.


3. In the event that either the construction contractor or the equipment contractor do not fully comply with the terms of the contract, the other party may choose to follow UDOT's typical process: i.e. the equipment vendor will sell the equipment directly to UDOT, and UDOT will provide it to the construction contractor.

III. DESCRIPTION OF DESIRED SUPPLIES AND SERVICES
A. DESCRIPTION

This contract is for the purchase of Advanced Traffic Management equipment and certain additional services. The equipment will be installed under separate contract by Utah DOT.  The Advanced Traffic Management System equipment in this contract will include the following components:


- Vehicle Detection


- Signal Equipment 


- ATMS Controllers & Cabinets


- 2070 Controllers 


- Variable Message Signs


- Closed Circuit TV Assemblies


- Spread Spectrum Radio Assemblies


- Miscellaneous Parts and Supplies


In addition to supplying the required ATMS equipment, the bidder may be called on to provide services when requested by UDOT. Payment for such services will be made at contract prices.  These services shall include, but not be limited to:


•
Assisting the Department with bringing vehicle detector systems on line.


•
Assisting the Department with programming traffic controllers and master controllers.


•
Installing software for Variable Message Sign control and assist the Department with programming VMS controllers.


•
Bench testing systems to ensure proper operation of hardware and programming of coordination plans.


•
Providing formal classroom training to Department personnel.


•
Providing various field engineering services for inspection of ATMS equipment installation.


Detailed specifications for the equipment and services are contained in the technical descriptions of this RFP.

B. GENERAL PROVISIONS


1.
Regulations and Codes


All equipment furnished shall be new and shall conform to the applicable requirements of the Underwriters Laboratory Incorporated (UL), the Institute of Electrical and Electronics Engineers (IEEE), the Electronics Industries Association (EIA), the National Electronic Code (NEC), the American Society of Testing and Materials (ATMS), the American National Standards Institute (ANSI), and the applicable standards, specifications, and regulations of the Utah Department of Transportation.


2.
Certification to NEMA Standards

Controller units, master controllers and all other associated equipment shall meet current applicable NEMA standards. Proposers shall supply a certified letter from an independent testing laboratory stating the equipment has been tested and meets NEMA environmental standards and test procedures.


3.
Equipment Guarantees

All equipment, parts, materials, and workmanship supplied under these specifications shall be fully guaranteed. All equipment shall be guaranteed for a minimum of two (2) years from date of acceptance. This guarantee shall cover all parts and labor necessary or incidental to the repair of any defect in equipment, parts, materials, or workmanship and malfunctions that arise during the guarantee period.  The period of guarantee coverage shall, in no case, be less than the manufacturer’s usual and customary guarantee period.  All guarantees that are customarily issued by the vendor and/or manufacturer shall be provided to the Utah Department of Transportation.


Minor repairs may, at their discretion, be made by the Utah Department of Transportation, or their appointee, with the consent of the manufacturer. All other repairs under warranty will be made by the manufacturer. The manufacturer will bear all costs including labor, parts, and shipping charges.

C.
RELATIONSHIP TO I-15 RECONSTRUCTION

Successful bidder(s), selected through this solicitation will be identified equipment contractor(s) in UDOT's RFP for the reconstruction of I-15.  Where applicable, the successful I-15 Contractor will be required to purchase equipment from the equipment contractor(s) at unit prices agreed on under contract(s) resulting from this solicitation.  The purchaser of equipment (whether UDOT or its designated contractor) will have the authority to enforce the provisions of these specifications, including the terms of any warranties or guarantees described herein.


In order to be responsive to the production and delivery needs of the I-15 Contractor, equipment contractors for certain types of equipment must commit in their proposals to meet the delivery schedule stated in Table 1 - ATMS Equipment Delivery Schedule, below.  The proposals of the selected equipment contractor(s) will be furnished to the selected I-15 Contractor.  The I-15 Contractor may request that UDOT enforce penalties on the equipment contractor for failure to meet this minimum delivery schedule.


The I-15 Contractor will have the option to negotiate alternative delivery schedules with the successful equipment contractors.  However, any such alternative delivery schedules shall not, in any way, be cause for delay of I-15 reconstruction and UDOT will not be party to such alternative agreements.

	PRIVATE 
ITEM
	
DESCRIPTION
	
QUANTITY REQUIRED BY
	
TOTAL

	

	
	8/1/97
	7/1/98
	7/1/99
	7/1/00
	7/1/01
	

	
11
	TS-2 Type A1 Controller
	
152
	
100
	
67
	
33
	
3
	
355

	
12
	TS-2 Type A2 Controller
	
50
	
180
	
20
	
0
	
0
	
250

	
13
	NEMA TS2 Type 1 Cabinet

Size 5, Configuration 3
	
50
	
75
	
50
	
25
	
0
	
200

	
14
	NEMA TS2 Type 1 Cabinet

Size 6, Configuration 4
	
30
	
80
	
30
	
10
	
0
	
150

	
15
	NEMA TS2 Type 2 Cabinet

Size 5, Configuration 3
	
39
	
12
	
12
	
12
	
0
	
75

	
16
	NEMA TS2 Type 2 Cabinet

Size 6, Configuration 4
	
20
	
10
	
10
	
10
	
0
	
50

	
21
	
334 CABINET
	
112
	
80
	
80
	
50
	
50
	
372

	
26
	
2070 Controller
	
112
	
35
	
34
	
16
	
9
	
206

	
30
	Fiber Optic VMS - Freeway
	
20
	
8
	
3
	
4
	
0
	
35

	
31
	Fiber Optic VMS - Surface
	
25
	
0
	
0
	
0
	
0
	
25

	
38
	
CCTV Camera Assembly
	
55
	
100
	
50
	
40
	
0
	
245

	
39
	
CCTV Controller Assembly
	
55
	
100
	
50
	
40
	
0
	
245



Table 1 - ATMS Equipment Delivery Schedule

D.
DELIVERY LOCATION

Unless the contractor is notified otherwise, all equipment shall be delivered to:




UDOT Warehouse




4501 South 2700 West




Salt Lake City, UT  84119


UDOT may also request that material be delivered to various job sites or to contractor yards in Salt Lake, Davis, Weber, Utah, or Summit Counties.  All costs of delivery shall be included in unit bid prices.

IV. GUIDELINES FOR PREPARING PROPOSALS

In order to be deemed responsive to this RFP, the Bidders must divide their proposal into the sections described below.  The technical proposal shall be submitted in a three ring binder with each major section described herein separated by a tab.

A. INTRODUCTION

This section shall contain the name of the company submitting the proposal along with address, telephone, fax and name of a contact person responsible for all issue connected with the proposal.  This section shall also contain any introductory comments deemed relevant by the bidder.

B. GENERAL INFORMATION

In this section of the proposal, bidders are free to include any information which they feel is pertinent to the selection of their equipment and their company.

C. TECHNICAL INFORMATION

In this section, Bidder's shall provide information on the following categories relevant to the evaluation of the Technical proposal. This section shall be organized as follows:


1.
Technical features, including conformity of equipment to desired specifications.  Include in this section drawings, diagrams, etc. which illustrate technical and functional features of the hardware and systems.


2.
Additional features or benefits of equipment.


3.
Proven reliability of equipment.


4.
Ease of use of hardware and software.


5.
Quality of field services and engineering assistance.  Proposals shall include descriptions of training and test equipment to be supplied under the training items.


6.
Guarantees and factory service provided by the vendor.


7.
Financial stability of manufacturer and vendor.


8.
Proposed delivery dates (i.e. production rate and delivery schedule, and time required to deliver based on quantity ordered)

D. SCHEDULE

The bidder shall demonstrate their ability to meet the production delivery schedule requirement stated in Section III C, Table 1, above.  It is anticipated that upon award of the contract, the Department will immediately begin placing orders for equipment according to the requirements, shown in Table 1, for the I-15 project.


Through subsequent years of the contract, the Department will likely place additional orders at irregular intervals of three months to a year. In the proposal submission, the bidder shall indicate the amount of time required from receipt of an order to delivery of the order.  The time required between receipt of order and delivery of product ordered shall be indicated according to various quantities of equipment ordered.

E. REFERENCES

Bidders must demonstrate previously installed and operating equipment in other locations. Each bidder must submit along with their proposal three (3) references.


References shall include customer name, person to contact, address, telephone number, size of installation, and length of time the equipment has been fully operational. 


The Department reserves the right to reject any proposal based on reference information received.

F. EXCEPTIONS OR ALTERNATES TO THE TECHNICAL SPECIFICATIONS

The technical specifications in this RFP contain provisions for desired software (firmware) features in various hardware devices and systems. However, the Department will consider proposals from vendors for equipment with exceptions or alternates to these software specifications.


This section of the proposal shall contain the following information regarding exceptions or alternates:


1.
Any significant exceptions to the software specifications shall be specifically identified in the proposal.


2.
The bidder should indicate if his/her equipment provides alternate or similar software features to achieve the same general purpose.


3.
The bidder should indicate if the manufacturer would modify existing software to meet the requirements of UDOT if selected to supply the equipment under this RFP.


Exceptions to minimum NEMA specifications will not be considered, however. The Department will reject any proposal for equipment which does not strictly meet NEMA specifications. 


Significant exceptions to hardware-related specifications will not be accepted.

G. SPECIAL FEATURES OR SERVICES OFFERED

This section of the proposal shall contain information on any special features of the equipment or services offered by the vendor, which may be pertinent to selection of the vendor.  This section shall also include the statement of any discount offered in connection with new products developed as described in Section II, paragraph S, above.

H. PRICE PROPOSAL 

The price proposal shall be completed on the bid forms provided at the end of this document (or similar table prepared by the bidder) and submitted with the proposal in a separate sealed envelope.


When completing the bid sheets, bidders may submit bids under any category, or multiple categories, in a single proposal.  However, when submitting a bid for a category, ALL ITEMS IN THAT CATEGORY MUST HAVE A BID PRICE SUBMITTED in order for the proposal to be  to be accepted (except for category 5).

V. PROPOSAL EVALUATION CRITERIA
A. INTRODUCTION

A formal selection committee will be established to evaluate proposals. Committee members will be individuals knowledgeable about the needs of UDOT. Proposals will be rated based on the criteria outlined below.

B. SELECTION OF VENDOR(S)

The selection will be based upon both  technical evaluation and price.  The technical information contained in the bidder’s proposal will be evaluated considering the following criteria in order of importance:


1. Technical features of the equipment ,including conformity of equipment to desired specifications


2. Proven reliability of equipment


3. Proposed delivery schedule and ability to meet production and delivery requirements.


4. Additional features or benefits of equipment


5. References


6. Ease of use of hardware and software


7. Quality of field services and engineering assistance


8. Guarantees and factory service provided by the vendor


9. Financial stability of manufacturer and vendor 


A technical score of up to 100 points will be assigned to each Bidder’s Technical  proposal based on the criteria above.


The selection committee will make technical evaluations without knowledge of, and independent of, price proposals.


Price will be considered equally with technical merit by the following procedures:


Each technical score for the category will be divided by price bid for the category, thus yielding a total score which is a measure of “value” per unit cost.  This is mathematically illustrated below:


Total Score = Technical Score / Cost


The Bidder (or Bidders) with the highest Total Score in each category will be selected.


In the case of Category 5 - Variable Message Signs,  the above scoring procedure will be used for each item, rather than the category as a whole.


UDOT may choose to make separate technical evaluations for different Regions of the State, as considerations such as special features, compatibility, and maintenance may vary from Region to Region depending on the unique needs of each area.


Depending on the results of the evaluations, the State may issue one contract for the entire state for a given category or may choose to issue more than one contract.


The selection committee may request a “short list” of finalists to give oral presentations, answer questions, or submit samples of equipment for evaluation.


TECHNICAL SPECIFICATIONS FOR ATMS EQUIPMENT

1  VEHICLE DETECTION
1
ITEM 1. VIDEO IMAGE DETECTION CONTROLLER ASSEMBLY 


1.1
SCOPE. Work under this item shall consist of furnishing Video Image Detection (VID) processor assemblies including all ancillary components, materials, equipment and software necessary for complete installation, setup, testing and operation.


1.2
DESCRIPTION.  The complete VIDs installation -- consisting of the VIDs processor, video interface panel, and VIDs sensors -- shall utilize image processing electronics and software to detect the presence of vehicles within user-defined detection zones, configured  within a sensor's field-of-view as displayed on a monitor or computer screen.  Whenever a vehicle enters the detection zone, the VIDs shall identify and detect the vehicle and shall communicate the vehicle's presence in one of two distinct methods: 1) The VIDs processor shall provide a "ground-true" (i.e. voltage of less then 8 VDC whenever a vehicle is located within a given detection zone, or voltage in excess of 12 VDC, but less than 24 VDC, when no vehicle is located within the detection zone) detection input for each possible detection zone through isolation circuitry into a field processor assembly; 2) The VIDs processor shall provide a serial data stream interface into the field processor assembly. The VIDs processor manufacturer shall provide written documentation of communications protocols and shall license unlimited use of the protocol to the State.  The serial data stream shall consist of volume, lane occupancy, and speed for each detection zone.  The VIDs processor shall store and broadcast data for the following user selectable intervals - 10, 20, 30, or 60 seconds.  The VIDs processor shall identify vehicle presence independent of the vehicles direction of travel through the detection zone.



The VIDs assembly shall detect vehicle presence with a 95% accuracy or greater under the following conditions:




a.
daylight




b.
Night, whenever the illumination on the roadway pavement (as provided by street lighting) is 0.2 lux or greater




c.
adverse weather (fog, rain, snow)




d.
dusk and dawn (transition between day and night conditions)


1.3
MATERIALS.  Each VIDs Processor assembly shall include:



1.3.1
VID Processor Assembly: One VIDs processor assembly, which shall provide all processing hardware and software necessary to receive the video output from the VIDs sensors, and indicate vehicle presence within the user-defined zones of detection.  The VIDs processors shall provide all input circuits and connectors necessary to receive the sensors' video and for programming the processor.  The VIDs processor shall provide all output circuits and connectors necessary to display sensors' video images, and to interface with a model 242 two-channel isolators for providing raw vehicle presence data.




1.3.1.1
The VIDs processor shall meet the following minimum requirements:





a.
Process the video output from four (4) VIDs sensors.





b.
Analyze and identify vehicle presence in eight (8) user-defined detection zones per VIDs sensor (total of 32 detection zones per processor).





c.
Detection zone placement shall be flexible and user-definable as to location on the roadway (within the sensor's field-of-view), orientation, area of coverage, and number of detection zones per lane.  Once detection zone configuration is defined, the processor shall permit storage and editing capabilities.





d.
Provide 32 output circuits.  Each circuit shall provide an input voltage of less than 8 VDC to the isolator whenever a vehicle is located in the corresponding detection zone.  When no vehicle is present in the detection zone, the corresponding circuit shall provide on input voltage in excess of 12 VDC (but not more than 24 VDC) to the isolator.  Each circuit shall deliver no less than 15 ma nor more than 40 ma.





e.
Modular by design with plug-in circuit boards.





f.
Rack mounted.





g.
Serial data RS-232C input for connecting a laptop computer, and programming the processor and identifying detection zones.  The serial input connector shall be located on the front of the processor.





h.
Video output (BNC) for connecting a television monitor for testing purposes and for connection to video transmitter provided by others, and displaying video from one of the four (4) sensors.  It shall be possible to display the video from all four (4) sensors, although not simultaneously.  The video output connector shall be located on the front of the processor.





i.
Provide an indication that a vehicle is present in a detection zone.  Separate indicators shall be provided for each detection zone.  The indicators shall either be LEDs on the processor; or a change in color or intensity of the detection zone as displayed on a video monitor for test purposes.





j.
Maximum dimensions of 19-inches (W) x 11-inches (H) x 18-inches (D).





k.
Provide 12 VDC power to VIDs sensor as required in accordance with Item 1 - Video Image Detection Camera Assembly.





l.
Power requirements of 120 VAC, 60 Hz; 5 amps or less.  The processor shall be plugged into a NEMA 5-15R receptacle located in the camera assembly cabinet.  A 3-foot power cord with appropriate 3-prong plug shall be provided.



1.3.2

seq level3 \h \r0 
Video Interface Panel: One video interface panel which shall provide a common termination point for the video signals coming from the four (4) sensors, and shall provide facilities to protect against damage from lightning and to isolate the ground of the cables from that of the VIDs.  The video interface panel shall meet the following minimum requirements.





a.
Nominal panel shall be 10-inches (W) x 12-inches (H)





b.
Provide four (4) ground isolation transformers and four (4) lightning arrestors, each with 75-ohm BNC connectors





c.
Ground isolation transformer shall provide 115 Db of isolation at 60 Hz.  The insertion loss shall be no greater than 0.5 Db at 1 Khz





d.
The lightning arrestors shall have a surge rating of 5,000 amps (8 x 20 us) and a response time of 1 nanosecond or less.


1.4

seq level2 \h \r0 
INTEGRATION AND TESTING



Included shall be on-site supervision of the installation of the VIDs controller assembly, software setup, detection zone development and fine tuning, and complete testing of VIDs installation.



1.4.1
The supplier of the VIDs Controller Assembly shall be responsible for on-site supervision of the installation of the VIDs Controller Assembly, including all ancillary equipment and verification of all connections.



1.4.2
Software Setup, Detection Zone Development, and Fine Tuning:
The supplier of the VIDs Controller Assembly shall be responsible for the complete setup of all required VIDs Controller Assembly and configuration software.  The supplier shall be responsible for the configuration of the required detection zones within each VIDs Controller Assembly up to and including the maximum of 32 detection zones per controller.  The Supplier shall notify the State prior to software configuration and detection zone setup and shall make provisions to allow two State representatives to attend and observe the procedure for each controller assembly.



1.4.3
Testing:  A test shall be successfully completed for each VIDs Controller Assembly provided.  The test procedure shall be prepared by the supplier and be designed to demonstrate that the VIDs hardware furnished and integrated operates correctly, and that all functions are in conformance with these Specifications.  The test procedure shall be composed of two primary segments; 1) field functionality, 2) 30-day test period.




1.4.3.1
The field functionality test shall begin no earlier than 30 days after submission of the complete approved test procedure.  The field functionality test will begin within 48 hours after the engineer is advised that the equipment is ready to begin the test.  As part of the field functionality test the supplier shall demonstrate to the engineer that all installed equipment and VIDs hardware operate in conformance with these Specifications.  In addition, the field functionality test shall compare the operation of the VIDs hardware with Supplier manually collected volume, occupancy, and speed data for 2 periods of 10 minutes each.  Acceptable performance shall consist of 95 % accuracy for volume data, +/- 5 mph for average speed data, and 95% accuracy for occupancy data when compared to the manually collected data.




1.4.3.2
The 30-day test shall consist of each VIDs assembly -- consisting of sensors, cabling, connections, and processor -- being tested for proper operation for 30 consecutive days.  During the testing period, all equipment at the VIDs assembly location shall operate without failure of any type.  During the 30-day test period the engineer reserves the right to conduct additional comparisons between VIDs collected data and manual or loop-based data.  Correct operation consists of continued accuracy of data as required in the field functionality test.




1.4.3.3
If any component malfunctions or fails to provide the capabilities specified herein, including accurate detection, during the 30-day test period, the Supplier shall replace or repair the defective equipment within 48 hours of notification by the engineer.  Costs of correcting component malfunctions shall be borne by the Supplier.




1.4.3.4
After the component malfunction has been corrected to the satisfaction of the engineer, a new 30-day test period shall be started.  The 30-day test applies only to contractor-furnished hardware,  In the event of a failure of hardware furnished by others, or failure of the ramp meter processor assembly, that prevents the 30-day test from continuing, the 30-day VIDs test will be suspended until the other hardware failures are corrected, at which time the VIDs test will resume.


1.5
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METHOD OF MEASUREMENT



Video Image Detection Controller Assembly will be measured as a unit for each assembly delivered as directed by the State.


1.6
BASIS OF PAYMENT



Video Image Detection Controller Assembly, measured as provided above, will be paid for at the contract unit price each, which shall be payment in full for furnishing the VIDs Processor, video interface panel; for all integration, consisting of software setup and programming and fine tuning all detection zones; for all testing, consisting of test procedure development, conducting field functionality and 30-day test; and for all labor, tools, equipment, transportation and incidentals necessary to complete this item of work.  

2
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ITEM 2. VIDEO IMAGE DETECTION CAMERA ASSEMBLY


2.1
DESCRIPTION



Work under this item shall consist of furnishing Video Image Detection (VID) sensors and all materials and equipment necessary for a complete VIDs sensor.


2.2
MATERIALS



2.2.1 Each VIDs sensor shall be identical, and shall meet or exceed the following requirements:




a.
Iage sensor shall be monochrome, charge-coupled device (CCD), 1/2-I inch format




b.
Resolution shall be 380 horizontal lines




c.
Sgnal-to-noise ratio shall be more than 46 Db, weighted at 5 lux sensor illumination, AGC off, and 25oC




d.
Mnimum illumination for usable image shall be 0.02 lux (sensor) and 0.2 lux (scene)




e.
Automatic gain control shall be selectable




f.
Video output shall be 1 Vp-p (75-ohm load)




g.
Gamma correction shall be 1.0




h.
Bright overloads shall have the ability to tolerate vehicle headlights, aimed at the sensor, without blooming or smearing




i.
Lens mount shall be a C-mount



2.2.2
Each sensor shall be provided with a lens with an automatic iris and neutral density spot filter.  The contractor shall determine the appropriate focal length and aperture of each lens so as to provide the optimum field-of-view for each sensor location shown on the plans.  The sensor lens shall be easily field replaceable and shall be clearly identified with the focal length and aperture.




2.2.2.1
The sensor and lens shall be enclosed in an environmental enclosure.  The enclosure shall meet NEMA-4, Enclosure 4, and IP65 ratings; and shall protect the sensor and lens from dust and airborne particles, exposure to water, and temperature extremes.  The enclosure shall be fabricated from corrosion resistant aluminum, and finished in a white UV and weather-resistant paint.  The front of the enclosure shall be tempered glass.  All connections (e.g., video output, auto iris, power, etc.) shall be mounted on the rear of the enclosure, and shall have liquid-tight fittings.  Any devices required for maintaining the internal temperature of the sensor and faceplate (e.g., heater, heat pump), and for providing the appropriate power supply to the sensor, lens, and/or heaters (e.g., transformers), shall be integral to the environmental enclosure.




2.2.2.2
The nominal dimensions of the environmental enclosure, including fittings, shall be 2.4-inches (H) x 4.0-inches (W) x 18.0-inches (L).  The total weight of the environmental enclosure, complete with sensor, lens, fittings, heaters, and transformers, shall not exceed 10 pounds.




2.2.2.3
Supply voltage for the sensor assembly (i.e., sensor, heating elements, auto-iris) shall be 120 VAC or 12 VDC.  A 120 VAC supply shall be obtained from the power panel within the processor assembly cabinet.  A 12 VDC supply shall be obtained directly from the VIDs processor.  The total power consumption of the sensor assembly shall not exceed 4 watts.




2.2.2.4
The sensor assembly shall be resistant to vibration in accordance with IEC 68-2-30, or approved equivalent. The sensor assembly shall be resistant to shock in accordance with IEC 68-2-27, NEMA TS-2 or approved equivalent.



2.2.3
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The VIDs sensor assembly supplier shall furnish all brackets, adapters, and hardware required to mount the sensor assemblies.  The mounting assembly shall have all stainless steel or all aluminum construction, and shall support a load of 30 pounds.  The mounting assembly shall incorporate a pan and tilt head that can be manually adjusted from a horizontal position to a vertical position, and rotated 360o, then locked into place, to provide the optimum field-of-view.


2.3
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The supplier shall be responsible for field verification of sensor placement in regard to VIDs sensor, lens selection (focal length, etc.), field of view, and mounting requirements. 


2.4
METHOD OF MEASUREMENT



Video Image Detection Camera Assembly will be measured will be measured as a unit, each delivered as directed by the Department.


2.5
BASIS of PAYMENT



Video Image Detection Camera Assembly, measured as provided above, will be paid for at the contract unit price of each, which price shall be payment in full for selecting and furnishing the complete VIDs Camera Assembly, including sensor, lens, enclosure, and mounting brackets; for field verification of equipment and mounting requirements, and for all labor, tools, equipment, transportation, and incidentals necessary to complete this item of work.

3
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ITEM 3. TWO CHANNEL DETECTOR UNIT


3.1
GENERAL



This specification sets forth the minimum requirements for 2 channel and 4 channel detector units.  The units shall meet as a minimum, all applicable sections of the NEMA Standard Publication No. TS2-1992.  Where differences occur, this specification shall govern.


3.2
MATERIALS



3.2.1
All detector units shall be card rack units, suitable for mounting in a detector rack as specified in NEMA Standard Publication TS-2-1992.  The dimensions of the two channel units shall be 1.14" W x 4.5" H x 7.0" D.  Four channel detector cards shall measure 2.34" W x 4.5" H x 7.0" D.



3.2.2
Switches and control features for channel mode, channel sensitivity, crosstalk control and channel reset shall be located on the front panel of the detector card, and shall by fully accessible when the card is installed in the detector rack.



3.2.3
Switches for Delay/Extension Selection and Delay/Extension Timing Control shall be located on the front panel or card mounted where actuation of these features does not require disassembly.



3.2.4
The front panel shall be equipped with a high intensity red light emitting diode (LED) to indicate the operation of each channel.  The LED shall indicate call output and status of detector channel.


3.3
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FUNCTIONAL REQUIREMENTS



3.3.1
Each channel on the detector card unit shall be capable of detecting all types of licensed vehicles at a distance of 1000 feet from the loop to the detector card.



3.3.2
Detector tuning shall be automatic for each channel of the detector unit.



3.3.3
Each channel shall have a minimum of seven different sensitivity settings to measure the change in inductance.  Each channel shall be able to sense a change in inductance between 0.01% and 1.28%.



3.3.4
For each channel there shall be two separate modes of operation; presence and pulse.  The mode of operation for each channel shall be able to be set independently from the other channels on the unit and shall be selectable from the front panel. 



3.3.5
Each channel shall have an inductance range of 20 to 2500 microhenries with a Q factor of 5 or greater.



3.3.6
Both channels on the 2 channel unit, and channels 1&2 of the four channel unit shall be equipped with a delay/extension feature.  Timing ranges and control settings for this feature shall be in accordance with the NEMA TS2 specifications.



3.3.7
Detector units shall utilize sequential scanning of detector channels to minimize crosstalk.


3.4
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TESTING AND WARRANTY



3.4.1
Contractor shall supply a certified letter from an independent testing laboratory stating that the detector units supplied have been tested and meet NEMA environmental standards and testing requirements.



3.4.2
A standard detector unit from a model currently in production shall be submitted for testing and supplied under this contract.



3.4.3
All detector units shall be warranted by the manufacturer against mechanical and electrical defects for a minimum of two years from the date of receipt.


3.5
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METHOD OF MEASUREMENT



Two channel and four channel detectors will be measured separately each for type of unit supplied in accordance with the provisions specified herein.


3.6
BASIS OF PAYMENT 



Payment for two and four channel detectors will be made at the contract unit price each, which price will be payment in full for all equipment, labor, tools, materials, transportation, and all other incidentals thereto.    

4
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ITEM 4. FOUR CHANNEL DETECTOR UNITS


4.1
See description for Item 3, above

5
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ITEM 5. OTHER DETECTION


5.1
DESCRIPTION



This item is open for the bidder to propose any other type of vehicle detection technology which the bidder deems fit for the ATMS application, and which satisfy the minimum requirements as defined herein.  All proposals shall include backup documentation to substantiate the functional and operational requirements.



5.1.1
Vehicle detector assemblies shall be capable of sensing any licensed motor vehicle traveling through the detection area.  Speed, volume and presence shall be established for a vehicle within the detection area.  


5.2
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MATERIALS



5.2.1
Functional Requirements



5.2.1.1
The detectors shall require no special aiming or adjusting to establish the detection area.  Their installation shall be overhead or pole-mounted, and no digging or cutting of the road pavement shall be required.  Vehicles shall be detected at speeds of 5 to 98 miles per hour (8 to 157 km/hr).  The vehicle speed detectors shall be directional, with the detection direction user selectable.




5.2.1.2
Detectors shall be capable of operating over an ambient temperature range of -30o F (-34 C) to 158o F (70 C), and a relative humidity range of 0 to 95 percent non-condensing.




5.2.1.3
Capabilities shall exist to collect, via one or more detector units, vehicle volumes, speeds and presence.  Processing capabilities shall exist such that data collection can be provide as an aggregation of this data over multiple lanes of travel (Wide beam detector), or on individual, unique lanes of travel (Narrow beam detector).  Specific requirements of these assemblies are as follows:





A.
Wide beam detectors shall be capable of operating from 12 to 28 feet above the roadway.  The detector
 shall cover a minimum of four travel lanes, and have a typical range of 400 to 800 feet (30.5 m).  This distance shall not be affected by weather conditions.





B.
Narrow beam detectors shall be capable of operating up to 32 feet above the roadway.  The detection area shall not exceed 8 feet in width at the maximum mounting height. This distance shall not be affected by weather conditions.



5.2.2
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Electrical Requirements



5.2.2.1
The detector shall operate from 115 VAC or 11 to 16 volts DC, average current draw shall not exceed 170 mA.  The detector shall have a serial data communications port, which shall be a subset of the RS-232C standard.  It shall consist of the following signals:





- Transmit Data





-  Receive Data





-  Data Carrier Detect





-  Ground




5.2.2.2
The serial port shall operate at a minimum of 1200 baud.  The detector assembly shall include all necessary line drivers or amplifiers so that it can transmit its signal up to 2000 feet.  The detector shall be provided with an internal LED to indicate vehicle activity.  Speed detectors shall have a means of setting their thresholds.  The thresholds shall be in 1 MPH increments, and shall be field selectable.  Presence detectors shall have a means of setting a minimum / maximum detection range, mode of operation and pulse timing.  There shall be no adjustments required for detector operation.



5.2.3
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Physical Characteristics



5.2.3.1
The vehicle detector shall be housed in a weather-tight enclosure.  All detector parts shall be made of corrosion resistant material and the detector shall have no moving parts or require any routine maintenance.  All electronic circuitry shall be protected and moisture proof.  




5.2.3.2
The detector unit shall be equipped with a termination panel. The termination panel shall be a weather-tight enclosure with a gasketed screw on the cover.  The termination panel shall also be equipped with a water-tight cable clamp for a lead-in cable.  Electronic circuitry shall be protected from moisture and fungus growth.  A mounting flange shall be provided for bolting or strapping the detector to various types of surfaces.



5.2.4
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Detector Operation



5.2.4.1
Vehicle detection shall be based on vehicle speed or presence, and shall be output via the serial data port, in an ASCII format.  




5.2.4.2
Speed shall be accurate to +/- 3 MPH.  An optically isolated closure shall be made for a minimum of 125 ms upon detection of a vehicle.  A second optically isolated closure shall be made for a minimum of 125 ms at a variable time after the first closure.  The variable time between closures is expected to be directly proportional to the established vehicle speed. 



5.2.5
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Detector Processor / Multiplexer



5.2.5.1
A detector processor / multiplexer shall be available for purposes of collecting real-time traffic information from the individual vehicle detectors and compacting it into a character string for once per second communications.  The detector processor / multiplexer shall interface with up to eight vehicle detectors.  The detector processor / multiplexer shall contain a 12 volt DC (nominal) power supply to power up to eight vehicle detectors.  The detector processor / multiplexer shall have internal jumpers to select the transmission baud rate and RS-232 or RS-422 mode.  It shall connect to the data modem described herein via a 25 pin D connector.  Output to the modem shall be RS-232, 1200 baud.  Input from the detectors shall be either RS-232 or RS-422, 1200 or higher baud.




5.2.5.2
The detector processor / multiplexer shall have 8, six position connectors to interface with the vehicle detectors.



5.2.6

seq level3 \h \r0 
Data Modem



5.2.6.1
A shelf mounted data modem shall be available for installation at each detection site.  This modem shall meet the following minimum requirements:





-
Data rate of 0 to 2400 bps asynchronous over unconditioned lines





-
Selectable transmitter output level from 0 to -12 dBm in 2 dBm steps





-
Frequency shift keying modulation





-
RS-232C interface





-
Carrier frequencies 1200 Hz Mark, 2200 Hz space





-
600 ohm line impedance





-
Temperature range of -40o C to 75o C





-
Humidity range of 0 to 95% non-condensing




5.2.6.2
The modem shall be equipped with the following indicators:





-
Request to send





-
Clear to send





-
Carrier detect





-
Receive data





-
Transmit data





-
Test mode





-
Power


5.3
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METHOD OF MEASUREMENT



This item will be measured for each complete detection unit or assembly provided.  Final determination of the measurement made for each detection unit or system will be at the discretion of the Department.


5.4
BASIS OF PAYMENT



This item will be paid for at the contract unit price for DETECTION as proposed by the bidder of the type specified, which price shall constitute complete payment for all materials and hardware -- including that necessary for mounting, termination panel, line drivers, labor, tools, and work incidental thereto.


5.5
DOCUMENTATION



As a minimum, the vendor shall provide a completed Conformance Ticket, detector units shall have unique serial numbers, and technical documentation explaining the following subjects shall be provided.




-
Theory of Operation




-
Serial Communication Protocol




-
Detector Processor/Multiplexer Protocol




-
Interconnect and Logic Diagram




-
Installation guide




-
Trouble-shooting guide




-
Recommended spare parts list

6
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ITEM 6. TRAINING


6.1
DESCRIPTION



Work under this item shall consist of providing qualified instructors and all materials for training Department personnel and other designated personnel in the operation and maintenance of the various components furnished under the items for vehicle detection.


6.2
MATERIALS



The contractor shall develop and submit training course outlines and samples of all training aids and manuals to the engineer for approval at least forty-five (45) days prior to the proposed scheduled start of the training sessions.  Written approval of this material shall be required prior to the final scheduling of the training sessions or the final production of training materials.  Training shall not begin until after approval of the submitted training material, and a minimum of 10 working days after acceptance of the operation and maintenance manuals specified under the Item Documentation.



As part of this item, the Contractor shall provide three sets of all test equipment needed to perform the tests called for in this specification.  The Contractor shall also provide 3 sets of any and all test equipment needed to perform routine maintenance on the equipment furnished under this category of the specification. The training sessions described under this item shall include training on the use of the test equipment furnished by the Contractor.


6.3
CONSTRUCTION METHODS



All training sessions shall be conducted at locations within Salt Lake County, Utah, to be designated by the Department.  Training sessions shall not overlap unless otherwise permitted by the Department.



6.3.1
Training shall consist of formal classroom lectures as well as “hands-on” training.  "Hands-on" training shall consist of working with the actual equipment.



6.3.2
Three (3) training sessions shall be provided for each equipment item and subsystem as follows:





•
Vehicle Detection and Test Equipment
3 days



6.3.3
A "day" of training shall consist of 6 hours. The two sessions for each equipment category/subsystem shall be identical in content. The training sessions shall not overlap unless otherwise permitted by the engineer.  The attendance of each session shall not be more than 30 people.  Each session shall provide a basic understanding of the equipment and subsystems and their operation and maintenance.  These training sessions shall include as appropriate, and as a minimum:





•
Background on concepts of equipment/subsystem, and theory of operation.





•
Functional description of subsystem equipment components.





•
Procedures for installing and setting up equipment and components.





•
Basic troubleshooting and fault determination procedures.





•
Procedures for “mail-in” repairs.





•
Preventive maintenance procedures and schedules.



6.3.4
The contractor shall video tape all training sessions, and provide the tapes to the Department for training new personnel in the future.


6.4
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METHOD OF MEASUREMENT



Training will be measured as a Lump Sum which shall cover all preparation of course materials and as well as the time and human resources to provide and run the course at a location to be determined by the Department.


6.5
BASIS of PAYMENT



Training, measured as provided above, will be paid for at the contract unit price Lump Sum, which price shall be full compensation for furnishing instructors and training materials; for providing the training sessions; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

7
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ITEM 7. ENGINEERING FIELD SERVICES


7.1
DESCRIPTION



The supplier shall provide on-site services when requested by UDOT, including, but not limited to:




•
Assist the Department with design of  detection system operation



7.1.1
Field services shall be provided by experienced personnel familiar with use of the equipment and software. Experienced personnel shall include, but not be limited to, instructors, engineers, and field technicians.



7.1.2
Payment for on-site services will be on an 8-hour "person-day" basis with a minimum order of two (2) full days.



7.1.3
Time required to travel from out of state to Utah shall not be eligible for payment. Travel time within Utah between UDOT sites is included in the ‘person-day’.



7.1.4
All direct costs of travel, accommodations, and meals shall be included in the unit bid price per day for on-site services. No separate payments will be made for these travel costs.



7.1.5
On-site services may be required anywhere in the State of Utah. Field services will be scheduled at least two weeks in advance.



7.1.6
No payment will be made for on-site services which are required to trouble-shoot or resolve problems caused by malfunctions or failures of vendor’s equipment or for work done under warranty.


7.2
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METHOD OF MEASUREMENT



Engineering Field Services will be measured as Days, with each day consisting of an eight hour "person-day".


7.3
BASIS of PAYMENT



Engineering Field Services, measured as provided above, will be paid for at the contract unit price per day, which price shall be full compensation for furnishing field personnel to provide the field engineering services; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

8
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ITEM 8. ALLOWANCE FOR MISCELLANEOUS ITEMS


8.1
DESCRIPTION



Under this item, UDOT will purchase miscellaneous vehicle detection equipment parts on an as-needed basis in small quantities. This will include spare and replacement parts.  Items purchased may include, but not be limited to, the following:




•
Detection components (modules, connectors, etc)




•
Harnesses




•
Electronic components needed to make repairs




•
Terminal blocks




•
Communication modems



8.1.1
A price list or catalog for miscellaneous vehicle detection parts,  shall be included in the Price Proposal. Any discount offered shall be indicated. 


8.2
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METHOD OF MEASUREMENT



This Item is measured as a Lump Sum.  The value for this item is fixed as stated in the bid sheets and must be included by all bidders of this category in calculating the total for their proposal.


8.3
BASIS of PAYMENT



Payment for equipment ordered under this item shall be made according to the price list, less any discount offered.


2. TRAFFIC SIGNAL EQUIPMENT
9
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ITEM 9. MASTER CONTROLLER


9.1
GENERAL



9.1.1
The master controller shall control and supervise a group of local controllers and provide the communication link between the local controllers and a central computer system.



9.1.2
The on-street master controller shall provide:




A.
Traffic plan selection by time-of-day or traffic responsive




B.
Crossing arterial synchronization




C.
Diagnostics




D.
Events




E.
Logs




F.
Reports




G.
Data Entry


9.2
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ENVIRONMENTAL STANDARDS



9.2.1
The master controller unit shall meet or exceed the applicable sections and clauses of NEMA Standards Publication No. TS 2-1992, with respect to the following:




•
Operating Voltage




•
Operating Frequency




•
Power Interruption




•
Temperature and Humidity




•
Transients, Power Service




•
Transients, Input-Output Terminals




•
Non-destruct Transient Immunity




•
Vibration and Shock


9.3
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HOUSING AND COMPONENTS



9.3.1
The master controller shall be a shelf-mounted unit of modular design. The chassis shall be designed for easy access during maintenance, allowing for ease of testing without requiring disassembly or extender boards. All fuses, connectors, and controls shall be accessible from the front of the controller unit.



9.3.2
Display:  A liquid crystal display (LCD) shall be provided on the front panel of the master controller to display programming and operational status information.  The display shall be clearly readable in both bright sunlight and total darkness.  It shall contain a minimum of 4 lines with 40 alphanumeric characters per line.



9.3.3
Operating Display:  The display shall have two modes of operation, dynamic and program. The dynamic mode shall display operational status information, while the programming mode shall display user-programming information.



9.3.4
Keyboard: A single keyboard shall be provided on the front of the intersection controller. The keyboard shall be used to enter all user-programmable data, as well as vehicle, pedestrian, and preemptor calls during test.  The function of each key shall be clearly shown.



9.3.5
Capacity:  The master controller shall have the following minimum capacities:




•
2  groups




•
32 total intersections




•
64 system detectors




•
48 timing patterns (Cycle, Split, Offset combinations)


9.4
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SYSTEM CONTROL



9.4.1
The master controller shall be capable of operating in the following modes:




•
Manual control




•
Remote (external control)




•
Time-based control




•
Traffic responsive control



9.4.2
Manual Control: The master shall be capable of being set manually to any cycle, split, offset pattern through an entry on the keyboard or through system software. Manual control shall override time-based or traffic responsive control.



9.4.3
Remote Control: The master controller shall be capable of being set to operate in any cycle/split /offset combination based on external inputs from the external interface. Remote control commands shall override time-based coordination and traffic responsive programs.



9.4.4
Time-Based Control: Time-based control shall provide for pattern selection based on time-of-day, day-of-week, and week -of-year with automatic adjustment for daylight savings time and leap year.




9.4.4.1
Time-based control shall provide a minimum of 180 events. An event shall consist of:





a)
A pattern (C,S,O) or Free and time-of-day, or





b)
An auxiliary event consisting of a special function output, sample interval time, log interval time and time-of-day, or





c)
A time-of-year event consisting of a special day and/or special week plus the date of occurrence (year, month and month day).




9.4.4.2
It shall be possible to define a minimum of 99 program days and it shall be possible to equate and to copy program days. 




9.4.4.3
It shall be possible to call the following based on time-of-day:





a)
Flashing





b)
Free operation





c)
Standby





d)
Traffic responsive





e)
Traffic responsive override enable



9.4.5
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Clock Calendar:  The time based control shall provide a 99 year calendar  (including accounting for the transition into the new millennium) for automatically determining the current day of week, day of month, month of year, and year based on the data set as the starting point. The calendar shall provide for automatic adjustment for leap years.



9.4.6
Daylight Savings Time:  Time based control shall provide for automatic adjustment for Daylight Savings Time  on user specified month and week.




9.4.6.1
Traffic Responsive Control:  In traffic responsive control, pattern selection by the on-street master controller shall be in response to dynamic traffic conditions as measured by the system detectors.





9.4.6.2
The master controller derives a set of system pattern commands from volume and occupancy data from system detectors. Threshold values used to determine pattern selection shall be provided with hysteresis decision points to prevent oscillation. There shall be a user selectable minimum time between pattern changes.


9.5

seq level2 \h \r0 

seq level3 \h \r0 
OTHER CONTROL



9.5.1
Mode of Operation: It shall be possible for the operator to select the following mode of operation for a group under control of the master.




•
Intersection Flash




•
Standby Operation (Under control of the local controller, but    monitored by the master controller.)




•
Free



9.5.2
Crossing Artery Control: The master shall have the capability to provide for coordinated traffic flow when two groups cross at a common intersection.


9.6
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SYSTEM DETECTOR DATA



9.6.1
Each system detector input shall be capable of selective weighting. System detector data shall be smoothed or filtered on a moving basis, using  a user programmable time.



9.6.2
Pattern  Selection Routines:  Pattern selection shall be based on analysis of sampling detector volume and occupancy data by the master controller. Up to eight system detectors may be assigned to a computational channel. Detectors may be assigned to multiple channels.




9.6.2.1
The master controller shall provide routines for the following minimum pattern selections:





•
Free or coordinated operation





•
Cycle (Four cycles)





•
Directionality of offset selection (In, out, or average)





•
Split Selection





•
Special plan selection based on detector occupancy only


9.7
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MODEMS



9.7.1
Internal Modem: The master controller shall be provided with an internal communication modem and interface equipment which will enable transmission of all required commands and data to the local controllers.




9.7.1.1
Operational indications shall be available on the front panel of the master controller to indicate when a carrier signal is being received, valid data is being received, and when the unit is transmitting.



9.7.2
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External Modem:  An external auto/dial answer modem with modem cable shall be provided with each master controller ordered under this contract.




9.7.2.1
The modem shall automatically answer calls from the central computer and transmit data to the central office computer via standard voice grade telephone lines. The modem shall be a Hayes Smart modem 1200 or EQUAL. Configuration settings shall be set by DIP switches, or must be duplicated in non-volatile memory.


9.8
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SYSTEM DIAGNOSTICS



9.8.1
The master shall perform diagnostics on system detectors, communications, and intersection operation and shall maintain a history of all failures. 



9.8.2
Each system detector shall be monitored for absence of calls, constant occupancy, and erratic operation. If a detector fails , it shall be automatically disconnected from the assigned channel and calculations. 



9.8.3
Improper or insufficient detector data needed for automatic traffic responsive pattern selection shall cause the master to go to time-based coordination mode.



9.8.4
The following intersection status conditions shall be available for display:




•
Intersection status




•
Controller Unit status




•
Coordination timing status




•
preemption timing status




•
Phase and detector status


9.9
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COMMUNICATION ALARMS



9.9.1
The master controller shall have the ability to record the time and data , local intersection address, and the failure mode of the communications interface.


9.10
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CRITICAL ALARMS



9.10.1
Critical alarms shall be user-definable. The defined critical alarms are monitored by the master controller and the occurrence of any critical alarms is logged. The master controller shall be capable of dialing up the central computer on identification of any critical; alarm. 


9.11
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HISTORIC REPORTS



9.11.1
The master controller shall be capable of generating a report of traffic pattern changes by group, containing the following information:




•
Beginning time and date




•
Group Number




•
Pattern selected



9.11.2
The master shall be capable of generating a report of the data base used to determine the traffic responsive system program.


9.12
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METHOD OF MEASUREMENT



Master Controllers shall be measured for payment by the number of units each, complete with all components provided as specified herein and delivered to the Department.


9.13
BASIS OF PAYMENT



Master Controllers will be paid for at the contract unit price each, which will be payment in full for furnishing a complete Master Controller as specified herein and for all labor, equipment, transportation, and incidentals necessary to complete this item of work. 
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ITEM 10. MASTER CONTROLLER SYSTEM SOFTWARE


10.1
GENERAL



10.1.1
The central computer system shall be a traffic management program for hard-disk supported IBM personal computers and compatibles. The central office software shall receive system and intersection data from the on-street master controller and shall tabulate format, and output reports and alarms at the central office e site.


10.2
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OPERATOR INTERFACE



10.2.1
The software shall use a color monitor and extensive menu formats to provide ease of use and convenient system access.  The menus provide a listing of appropriate selections, ending in a prompt for a response.



10.2.2
Actual data entry and editing are performed using a form filling technique.  Prompting in traffic engineering language and highlighted entry fields allow an operator untrained in computer operations to successfully use the program.


10.3
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COMMUNICATION INTERFACE



10.3.1
The software shall be capable of receiving and transmitting data over dedicated or dial-up telephone lines.  Capability for communicating via coax/RF networks shall be possible by use of optional RF modems.



10.3.2
Over dial-up lines, the software shall be capable of accessing from 1 to 256 on-street master controllers.



10.3.3
Where local controllers exist that are not part of an on-street system, access capability over dial-up lines shall be provided for 1 to 8192 local controllers.


10.4
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MASTER CONTROLLER MONITORING



10.4.1
The software shall be capable of tabulating, formatting, and outputting real time data as obtained by or available at on-street master controllers.  At a minimum, the following data is required:




a)
Group Active Status - The central office operator may view the current operating mode data for both groups.




b)
Intersection And Detector Status - The central office operator may view the current status of all intersections and system detectors.




c)
Master Controller Time Base Status - The central office operator may view the current status of the master time base functions.




d)
Traffic Responsive - The central office operator may view the current status of the master traffic responsive computational channel outputs and the pattern select inputs plus outputs.




e)
Local Coordinated Greens - The central office operator may view the current status of the coordinated green for the running pattern at all local controllers.


10.5
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LOCAL CONTROLLER MONITORING



10.5.1
The software shall be  capable of tabulating, formatting, and outputting real time data as obtained by or available at local intersection controllers.  At a minimum, the following data is required:



10.5.2
Intersection Status - Current status of the intersection signals, detectors, and mode. The intersection status (graphic) display shall provide for up to eight vehicle phases, eight pedestrian phases, and four overlaps on numerous background (crossing, tee, etc).  Red, Yellow, Green, and phase detector indications are identified by the phase number.  The text portion of the display presents data relevant to the operation of the intersection.




a)
Controller Unit Status - Current status of the controller ring timers and phase states.




b)
Coordination Status -  Current status of the controller coordination timers and states.




c)
Preemption Status - Current status of the controller preemption timers and states.




d)
Local Time Base Status - Current status of the local time base function.




e)
Detector Status - Current status of the phase and special detectors as determined by the local detector diagnostics.


10.6

seq level2 \h \r0 
MASTER CONTROLLER ADMINISTRATION



10.6.1
The software shall be capable of tabulating, formatting, outputting, and editing parameter data as available on disk or obtained from on-street masters. At a minimum, the following functions are required:




a)
View/edit disk resident data




b)
Upload data from a master controller





1.
View/edit uploaded data





2.
Save uploaded data to same master





3.
Save uploaded data to another master





4.
Compare upload data to disk data




c)
Download disk data to a master




d)
Print disk resident data




e)
Copy disk resident data



10.6.2
In this mode of operation the central-office micro-computer acts as a data terminal interfacing with the on-street master controller data entry routines.  In effect, the central-office operator shall be capable of performing functions normally performed at the on-street master's keypad.  The operator may request specific data be displayed on the screen, modify that data, and then send it back to be entered into the on-street master.



10.6.3
The configuration data for each on-street master controller in the system is maintained on a disk file.  The operator may create or modify the files using English language prompts with help and error validation.



10.6.4
It shall be  possible to transfer the configuration data from and to the on-street masters. 



10.6.5
The data transferred from the on-street master  controller may be displayed in the same manner provided (tabular) for file manipulation, saved to the same or another master, or it may be compared with the configuration data on the disk file.  The uploaded data can be stored (saved) in a disk file as the masters configuration, or disregarded.


10.7
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LOCAL CONTROLLER ADMINISTRATION



10.7.1
The software shall be capable of tabulating, formatting, outputting, and editing parameter data as available on disk or obtained from local intersection controllers.  




a)
Enter local data and store on disk




b)
Upload data from a master





1.
View/edit uploaded data





2.
Save uploaded data to same master controller





3.
Save uploaded data to another master controller





4.
Compare upload data to disk data




c)
Download disk data to a master




d)
Print disk resident data




e)
Copy disk resident data



10.7.2
In this mode of operation the central-office micro-computer acts as a data terminal interfacing with the local controller unit data entry routines.  In effect, the central-office operator shall be capable of performing functions normally performed at the local controller unit's keypad.  The operator may request specific data be displayed on the screen, modify that data, and then send it back to be entered into the local controller unit.


10.8
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MASTER CONTROLLER REPORTS



10.8.1
The software shall be capable of tabulating, formatting, and outputting report data as obtained by on-street master controllers.  Such data shall be obtainable on demand or automatically output on a time-of-day basis specified by the user.  The on demand reports are output via hard copy or on the CRT (as selected by the user) and can be saved on disk.



10.8.2
The automatic (Time-Of-Day) reporting is output via hard copy or saved on disk.  



10.8.3
The reporting operation provided allows the on-street master to auto-dial the central-office facility to transfer critical events as they occur.



10.8.4
The central-office micro-computer receives master report data from the on-street master and tabulates, formats, and outputs the reports noted below. The operator may view, print or save to disk the following:




a)
System Critical Alarms - The log shall include date, time, place, and mode of local and/or on-street master controller critical alarm.




b)
Master Alarms - Master controller alarm history.  The log shall include date, time, place, and mode of on-street master alarm.




c)
Communications Failures - The log shall include date, time, place, and mode of on-street master communications failure.




d)
Group Pattern Changes - The log shall include date, time, place, and mode of on-street master group pattern change.




e)
Traffic Responsive Pattern Changes - The log shall include date, time, place, and mode of on-street master traffic responsive pattern change.




f)
System Detector Logs - The log shall include date, time, and values of each detector input to each channel.




g)
Off-line/Online History - The log shall include date, time, and intersection along with the appropriate transition.


10.9
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LOCAL CONTROLLER REPORTS



10.9.1
The software shall be capable of tabulating, formatting, and outputting report data as obtained by local intersection controllers.  Such data are obtainable on demand or automatically output on a Time-Of-Day basis specified by the user.  The on demand reports are output via hard copy or on the CRT (as selected by the user) and can be saved on disk. The automatic (Time-Of-Day) reporting is output via hard copy or saved on disk. 



10.9.2
The central-office micro-computer receives local report data from the local intersection controller and tabulates, formats, and outputs the reports noted below. The operator may view, print or save to disk the following:




a)
Local Alarms - The log shall include date, time, place, and mode of local intersection alarm.




b)
Measurements Of Effectiveness (MOEs) - The log shall include date, time, and values of volume, stops, delay, and utilization.




c)
Communications Failures - The log shall include date, time, place, and mode of local intersection communications failure.




d)
Detector Failures -  The log shall include date, time, place, and mode of local intersection detector failure.




e)
System Detector Logs - The log shall include date, time, and values of each detector input.


10.10
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SOFTWARE UPDATES



All software changes and updates applicable to the equipment furnished under this contract shall be provided to the Department at no charge for a period of three (3) years.


10.11
METHOD OF MEASUREMENT



Master Controller System Software shall be measured as a Lump Sum. This measurement shall include all development, encoding, compiling, and requirements as specified herein.


10.12
BASIS OF PAYMENT



Master Controller System Software shall be paid for at the contract unit price Lump Sum as measured above, which price shall be payment in full for furnishing a complete Master Controller System Software full functional, free of all defects; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.
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ITEM 11. NEMA TS2 CONTROLLER - TYPE A1, Salt Lake Valley Region


11.1
INTRODUCTION



11.1.1
This specification sets forth the minimum requirements for a shelf-mountable, multi-phase, fully-​actuated, digital, solid-state traffic controller. The controller shall meet, as a minimum, all applicable sections of the NEMA Standards Publication No. TS2-1992.  Where differences occur, this specification shall govern. Controller versions shall be available to comply with NEMA TS2 Type 1 standards.




Note:  Throughout this specification the term system master is used.  This term can apply to either a vendor supplied on-street master with a pc interface, or a central computer running software supplied by others.


11.2
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HARDWARE


11.3
ENCLOSURE



11.3.1
The controller shall be compact so as to fit in limited cabinet space.  It shall be installable on a shelf that is not more than 7" deep.  External dimensions shall not be larger than 10" x 16" x 9 " (H x W x D).



11.3.2
The enclosure shall be constructed of sheet metal and shall be finished with an attractive and durable protec​tive coating.



11.3.3
The controller unit shall be of modular design.  The chassis shall be metal and shall be designed for easy access during maintenance, allowing for ease of testing without requiring disassembly or extender boards.


11.4
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ELECTRONICS



11.4.1
A microprocessor shall be used for all timing and control functions.  Continuing operation of the microprocessor shall be verified by an independent monitor circuit, which shall set an output to FALSE and indicate an error message if a pulse is not received from the microprocessor within a defined period.



11.4.2
Sockets shall only be used for compo​nents with 20 pins or more.



11.4.3
A built-in, high-efficiency power supply shall generate all re​quired internal voltages.  All voltages shall be regulated and shall be monitored with control signals.  All fuses, connectors and controls  shall be mounted on the front of the controller unit.



11.4.4
Timing of the controller shall be derived from the 120 VAC power line. A 10-year lithium battery shall maintain the time-of-day clock and digital data during a power outage lasting up to 30 days.  Lead-acid, nickel-cadmium, or alka​line batteries shall not be accept​able.



11.4.5
All printed circuit boards shall meet the requirements of the NEMA Standard plus the following requirements to enhance reliability:




a.
All plated-through holes and exposed circuit traces shall be plated with solder.




b.
Both sides of the printed circuit board shall be covered with a solder mask material.




c.
The circuit reference designation for all components and the polarity of all capacitors and diodes shall be clearly marked adjacent to the component.   Pin 1 for all integrated circuit packages shall be desig​nated on all printed circuit boards.




d.
All electrical mating surfaces shall be gold-plated.


11.5
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FRONT PANEL & CONNECTORS



11.5.1
The front of the controller shall consist of a panel for the display and keyboard plus a separate panel for the connectors.



11.5.2
An 8-line by 40-character/line alphanumeric liquid crystal display (LCD) shall show program and status informa​tion.  The display area shall have nominal measurements of 1 1/2" x 5 1/4" (H x W) or larger.  For ease of viewing, backlighting and multiple levels of contrast adjustment shall be provided.



11.5.3
Front-panel operator inputs shall be via clearly labeled and environmentally-sealed keys.  These shall include a 12 position (0-9, plus * and #) telephone-type keypad, four-arrow cursor control keys plus four additional keys (E, F, + and -). 



11.5.4
All interface connectors shall be accessible from the front of the controller.



11.5.5
The Port 3 connector shall be mounted on the front of the CU and shall be an RS-232C Data Terminal Equipment (DTE) interface for interconnecting the CU to the system master.



11.5.6
The Port 3 connector shall be a 9 pin metal shell “D” subminiature type connector.  The connector shall utilize male contacts and shall be equipped with latching blocks.



11.5.7
The CU shall be furnished with a Port 4 which shall be an RS232C Date Terminal Equipment (DTE) interface for communicating with auxiliary equipment in the cabinet assembly.



11.5.8
The port 4 connector shall be a 9 pin metal shell “D” subminiature type connector.  The Connector shall utilize male contacts and shall be equipped with latching springs.


11.6
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SERVICEABILITY



11.6.1
All electronic modules other than the power supply shall be easily removable from the front of the controller using a standard screwdriver as the only tool.  All power and signal connections to the circuit boards shall be via plug-in connectors. 



11.6.2
The controller layout shall allow the removal and repla​cement of any circuit board without unplugging or removing other circuit boards.  No more than two boards shall be attached together to form a circuit assembly.  Attaching hardware shall use captive screws or 1/4-turn fasteners to secure circuit assemblies to the enclosure.



11.6.3
The controller enclosure shall allow complete disassembly using a standard screwdriver.  It shall be designed so that one side of any circuit board is acces​sible for troubleshooting and testing while the controller is still in operation.  This capa​bi​lity shall be accomplished without the use of extender cards or card pullers.


11.7
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OPERATING DISPLAYS



11.7.1
The dynamic displays listed below shall be provided to show the operational status of the controller. Additional displays shall be offered for programming.



11.7.2
An intersection status display shall indicate the active status of all signal driver outputs and vehicle plus pedestrian calls.  When this display is active, vehicle and/or pedestrian calls may be placed from the keyboard.



11.7.3
An active timer display shall show a summary of ring, phase, coordination, preemption and time-based con​trol status.  The menu shall provide for the selection of any combination of the rings for display (R1 + R2, R3 + R4, R1 + R3, etc.).



11.7.4
This  status display shall indicate current inter​val, pedestrian, density, maximum, and maximum extension timing by phase and ring.  The status of vehicle and pe​destrian phases shall be displayed in combination with vehicle and pedestrian calls.   Operational  modes shall also be displayed e.g. Time Base, Interconnected, System, Backup, Manual, System Flash, Start Flash, Stoptime, Preempt, Priority, TS2 Diagnostic Flash, etc. 



11.7.5
When this display is active vehicle and/or pedestrian calls may be placed from the keyboard.



11.7.6
A coordination timers display shall allow viewing of the real time status of coordination timer(s) and parameters for the active pattern.  Indicate the command source, current pattern information, local/system cycle count, offset mode, offset cor​rection, time-based control status, coordinated mode, max mode, force-off mode, phase pattern & mode and permitted phase & control data.



11.7.7
A preempt timers display shall indicate preemption (rail​road, fire, emergency, bus) and priority status. When a preemptor is active, the display shall also indicate preemptor interval and timer countdown as well as priority lockout and max call time out.



11.7.8
A time base status display shall indicate the current time and date, the current day and week program, the active programmed selections of the coordination pattern and auxiliary functions.



11.7.9
A comm status display shall indicate the current status of communications on Port 2 (RS232 connector), Port 3 (systems interface connector) and Port 4 (equipment interface connector).  The display shall include the settings (speed, data bits, parity and stop bits) programmed for each port.



11.7.10
A detector status display shall indicate the current status for up to 64 detectors.  The display shall show the status as determined by the detector diagnostics capability of the controller.  The condition will be reported as one of the following states:  on-line, failed open loop, failed shorted loop, failed excessive inductance  change, failed max presence diagnostic, failed no activity diagnostic, failed erratic counts diagnostic,  BIU frame fault, not supported or "LWD" (not TS2 detector, detector failure or detector watchdog timeout).



11.7.11
The detector activity display shall show the current cumulative volume and occupancy values for the system detectors connected to the CU.  These values shall be updated in real-time, and shall reset to zero after the information has been uploaded to the central computer or master.



11.7.12
The detector activity display shall also provide the average speed for all speed traps connected to the CU.  The value displayed shall be the average speed during the sample period and shall be updated in real-time.  The display shall reset to zero after the information has been uploaded to the central computer or master.


11.8
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PROGRAMMING



11.8.1
PROGRAMMING DISPLAYS




11.8.1.1
All programming parameters shall be accessible and capable of being programmed through the front-panel keyboard. Programming displays in the form of menus shall aid the operator in enter​ing data from the front-panel keyboard.




11.8.1.2
A main menu shall allow the user to select a major func​tion of the con​trol​ler. A sub-menu shall then be dis​played to allow the user to select a sub-function within the major func​tion.  Cursor keys shall allow the user to scroll through all menus and sub-menus.




11.8.1.3
English language and traffic engineering terminology shall be used throughout to facilitate programming.  The display organi​za​tion shall allow traffic personnel to program the controller with​out using refe​rence cards or manuals.




11.8.1.4
Programming entries shall consist of alpha or numerical values. During program entry, the new data shall be displayed as it is entered. Values shall only be validated and stored when entered by the user.



11.8.2

seq level3 \h \r0 
PROGRAMMING METHODS




11.8.2.1
The methods listed below shall be available for controller programming.  It shall be possible to program all CU parameters through each of the following methods. The manufacturer shall be able to provide as off-the-shelf items all of the firmware and software required to effect the listed programming methods and to implement network operation with system masters and host PC's.





a.
Manual data entry via the front panel keyboard





b.
Data downloading, through the system interface, via telemetry from a system master.





c.
Data downloading from a portable PC-compatible computer, through the port 2 connector, via null-modem cable.





d.
Data downloading from a PC-compatible computer, through the Port 2 connector, via modem.





e.
Data downloading from one controller to another using a Port 2 on each controller.



11.8.3
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PROGRAMMING SECURITY




11.8.3.1
The controller unit shall prevent the alteration of keypad set unit variables prior to the user having entered a specific code.  No access code shall be required to display data.  Access codes shall initially be set at "0000" and shall be definable by the user. The controller shall allow entry of a code of to prevent access from being turned off.



11.8.4
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PROGRAMMING UTILITY FUNCTIONS




11.8.4.1
A copy function shall permit copying all timing data from one phase to another.  It shall also permit copying all coordination pattern data from one pattern to another.  This feature will facilitate data entry when programming any two or more phases with the same timing values and/or two or more coordination patterns with the same pattern data.




11.8.4.2
The controller unit shall contain a backup data base stored in nonvolatile memory.  A copy function shall permit transferring the backup data base to the active data base.  An alternate data base for interchange control operation shall be selectable from the keyboard.




11.8.4.3
A print function shall allow the printing of controller unit data and detector count, detector failure, and event logs.  The controller shall be capable of interfacing with any printer with an RS-232 inter​face and capable of a minimum width of 80 columns.  The communication rate shall be 1200 bps minimum.




11.8.4.4
A sign-on message shall allow the user to view the con​trol​​ler software version number.  This message shall be displayed upon power-up until a key is depressed.


11.9
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ACTUATED CONTROL FUNCTIONS



The controller shall provide all actuated control func​tions and operations required by the NEMA 

TS2 Standard.  In addition, it shall provide the features described in the following paragraphs.



11.9.1
PHASE SEQUENCE




11.9.1.1
The phase sequence of the controller shall be pro​gram​mable in any combination of sixteen phases, eight concurrent groups and four timing rings.




11.9.1.2
Phase sequence information shall be changeable from the keyboard and stored in EEPROM data memory. 




11.9.1.3
The standard phase sequence of the controller shall also be capable of being altered by coordination, time-of-day or external alternate sequence command.  The alternate sequence commands shall allow reversing the normal phase sequence of each phase pair as shown below:





a.
Command A reverses phases 1 and 2.





b.
Command B reverses phases 3 and 4.





c.
Command C reverses phases 5 and 6.





d.
Command D reverses phases 7 and 8.





e.
Command E reverses phases 9 and 10.





f.
Command F reverses phases 11 and 12.




11.9.2
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TIMING INTERVALS




11.9.2.1
Timing intervals shall be programmable from 0-99 in one second increments, 0-999 in one second increments or from 0-9.9 in one-tenth second increments, depending on the function.




11.9.2.2
Guaranteed minimum interval values of 3.0 seconds shall be set for all yellow clearance timings (normal and preempt routines).




11.9.2.3
Cars before reduction shall provide a user-specified number of actuations, or cars waiting, that must occur before starting gap reduction.  Gap reduction shall be initiated by either time before reduction or cars before reduction, whichever reaches its maximum value first.




11.9.2.4
During non-coordinated operation the controller shall be capable of dynamically extending the maximum green time for each phase based on vehicle demand. Up to three dynamic maximum green intervals shall be selectable per phase based on time-of-day.  The initial interval shall be selectable as either Max 1 or Max 2.  If the phase terminates due to max-out for two successive cycles, then the maximum green time in effect shall automatically be extended by one dynamic step inter​val on each successive cycle until it is equal to the dynamic Max value. If the phase gaps out for two successive cycles, then the maximum green time shall be reduced by one dynamic step interval until such subtraction would mean the adaptive max was less than the smaller of the normal max or the dynamic  max. value. 




11.9.2.5
During coordinated operation, the controller unit shall be capable of dynamically adjusting the phase splits (Critical Intersection Control).  This dynamic adjustment shall be performed such that the offset and cycle length of the current timing plan are preserved, and phase minimums are not violated.




11.9.2.6
Critical Intersection Control shall only be performed by the CU if that function has been enabled by the system master for the controller unit and timing plan in use.




11.9.2.7
Prior to initiating Critical Intersection Control, the CU shall verify that all required detectors are functioning properly, and that volume conditions at the intersection are such that CIC can provide a benefit to the traffic flow.




11.9.2.8
When CIC is enabled, all of the necessary detectors are functioning, and the proper traffic flow conditions are met, CIC shall dynamically adjust the vehicular phase splits on a cycle-by-cycle basis based on the demand for each phase.  Phase demand shall be based on smoothed volume and occupancy data collected by the system detectors. Exclusive pedestrian phases shall be excluded from the calculations.




11.9.2.9
The calculation of phase splits shall be performed in the following manner:





a.
First, the total computed green demand and cycle length are reduced by the amount of time necessary to satisfy all phase minimum durations specified for the timing plan.





b.
Second, the remaining green time is allocated based on the percentage of green demand for each phase versus the total green demand.





c.
Any remaining time (due to round off errors) is divided equally among the phases according to the phase length in descending order.




11.9.2.10
The calculation of green demand for each phase shall be computed based on the following equation:






D=R(A1*O+A2*V+A3*O*V) where






D=computed green demand






R=vehicle release rate (user specified between 0-5)






A1= CIC coefficient 1 (user specified between 0-5)






A2= CIC coefficient 2 (user specified between 0-5)






A3= CIC coefficient 3 (user specified between 0-5)






O= smoothed occupancy 






V= smoothed volume



11.9.3
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OVERLAPS




11.9.3.1
The controller shall provide eight internally-gene​rated overlaps (A,B,C,D, E, F, G and H).  These shall be individually program​mable as standard or protected/permissive. The green, yellow and red intervals shall be individually program​mable following termination of the parent phase.




11.9.3.2
Overlap functions shall be programmable from the controller keyboard. 



11.9.4
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CONDITIONAL SERVICE




11.9.4.1
The controller shall provide a programmable condi​tional service feature.  When selected, the controller shall service an odd-numbered phase once normal service to that phase has been completed and enough time for additional service exists on the concurrent even phase. 



11.9.5
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ADDITIONAL FEATURES




11.9.5.1
The following features shall be programmable for each phase:





a.
Phase in use





b.
Locking/non-locking detector memory





c.
Vehicle recall





d.
Pedestrian recall





e.
Maximum recall





f.
Soft recall




11.9.5.2
Soft recall shall return the controller to the programmed phase in the absence of other calls.




11.9.5.3
The controller shall permit power-up start and external start to be individually programmed by phase and interval. Start intervals shall be green, yellow or red.




11.9.5.4
During a power-up start condition, the controller shall be capable of timing an all-red or flash interval before the power-up start phase(s) and interval are displayed.




11.9.5.5
The controller shall provide last-car passage opera​tion on a per phase basis.  When selected, this feature shall provide a full passage (vehicle extension) interval when a phase gaps out with a gap in effect less than the vehicle extension interval (preset gap).




11.9.5.6
The controller shall provide both single and dual entry operation.  When selected, dual entry shall cause the con​trol​ler to ensure that one phase is timing in each ring.




11.9.5.7
It shall be possible via keyboard selection to inhibit the service of a phase with other phase(s) within the same concurrent group.




11.9.5.8
The controller shall provide the following additional selectable pedestrian functions:





a.
Actuated phase rest in WALK.





b.
Flashing WALK output.





c.
Pedestrian clearance protection during manual control.





d.
Pedestrian clearance through yellow.




11.9.5.9
The controller shall provide a programmable simul​ta​neous gap termination feature.  When programmed, phases in both rings shall gap out together in order to terminate the green interval and cross the barrier.




11.9.5.10
The controller shall provide control of five-section, protected/permissive left turn heads.  When selected, this feature shall cause the through (even) phase yellow to inhibit display of the left turn (odd) phase yellow.




11.9.5.11
The controller shall provide automatic flash selection per the requirements of the MUTCD.  Both the flash entrance and exit phases shall be programmable through the keyboard, and flashing shall be controlled by either setting the fault/voltage moni​tor output to be FALSE or by flashing through the load switch driver outputs. Automatic flash shall be selectable by external input, system command, or time of day.




11.9.5.12
The controller shall provide dimming for selectable load switch outputs.  Dimming shall be accomplished by inhi​biting the selected outputs for alternate half cycles of the 120 VAC line.  Dimming shall be controllable by time of day and an external input.  Programming shall permit individual dimming of the Green/Walk, Yellow/Ped Clear, Red/Don't Walk outputs for each load switch.


11.10

seq level2 \h \r0 
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COORDINATION



Coordination functions to control intersection cycle lengths, system offset rela​tion​ships, and phase split percentages shall be provided as a standard feature, with no need for additional modules or software.



11.10.1
COORDINATION MODES




11.10.1.1
Permissive Mode -  The coord phase(s) shall operate as non-actuated when coordinated.  The coordinator shall provide for a controlled release (permissive period) from the coord phase(s) to each of the remaining phases in sequence. When a call is not present for the phase to be serviced next in sequence, the coordinator shall re-allocate that phase’s time to the end of the coord phase.




11.10.1.2
The first part of each permissive period shall consist of a vehicle permissive period.  The length of the period shall be determined by the phase split and the vehicle minimum service time.




11.10.1.3
The second part of each permissive period shall consist of a pedestrian permissive concurrent with the vehicle permissive.  The length of this period shall be determined by the phase split and the pedestrian minimum service time.




11.10.1.4
Prior to the beginning of the first permissive period, the coord phase pedestrian shall display the ped clear indication and dwell “Don’t Walk.  This will expand each subsequent phase permissive due to the absence of coord phase ped clear time in each.  The coord phase pedestrian shall dwell Don’t Walk until such time as the coord phase terminates and returns to green or the last permissive period in the cycle is complete without the coord phase terminating.




11.10.1.5
Yield Mode - The coord phases(s) shall operate as non-actuated when coordinated.  The coordinator shall provide for a single release from the coord phases(s) to the remaining phases in sequence.




11.10.1.6
Permissive Yield Mode - The operation shall be similar to Permissive Mode above with the following exceptions:






1.
The coord phase pedestrian shall be actuated.






2.
Immediately prior to the first permissive, the coordinator will provide a variable period for the coord phase extension (Permissive Yield Point).







3.
The amount of coord phase extension shall be distributed proportionally .




11.10.1.7
Permissive Omit Mode - The operation shall be equal to Permissive Yield Mode above except that once the coord phase has terminated to service a call, it shall not occur again until rafter the last phase permissive has terminated or a phase is on that is compatible with the coord phase.




11.10.1.8
Sequential Omit Mode - The operation shall be equal to Permissive Yield Mode with the following exceptions:






1.
Sequential Omit Mode provides a phase by phase sliding window of service (lifted omit).  One and only one phase in a ring will have the omit lifted at any time.






2.
Following the Permissive Yield Period, the coord phase shall be omitted until the last permissive is over.






3.
Following the Permissive Yield Period, the opening of a permissive shall occur concurrent with the closing of the prior permissive.  The closing of each permissive shall occur at its normal position in the cycle.




11.10.1.9
A limitation shall be set on Sequential Omit coord Mode in that it shall apply only to units running with no more than two rings in a cluster.




11.10.1.10
Full Actuated Mode -  the operation shall be as defined in Permissive Yield Mode with the following exceptions:






1.
Following the Permissive Yield Period, any phase may be served in the standard sequence provided the permissive period for that phase has not expired.






2.
Following the Permissive Yield Period, any phase may be re-serviced in the standard sequence provided the permissive period for that phase has not expired.






3.
Following the Permissive Yield Period and prior to the end of the permissive for the phase before the first coord phase, the coord phase shall operate as an actuated phase.




11.10.1.11
A limitation shall be set on Full Actuated coord Mode in that it shall apply only to units running with no more than two rings in a cluster.




11.10.1.12
A minimum of 16 Timing Plans (Cycle/Split) shall be provided. The Timing Plans shall be selected using telemetry (system), hardwire, or non-interconnected (time base) commands.




11.10.1.13
A minimum of four (4) offsets shall be provided for each timing plan.



11.10.2
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CYCLE LENGTH




11.10.2.1
One cycle length shall be provided for each Timing Plan. The cycle shall be adjustable over a range of 30-999 seconds in 1 second increments.




11.10.2.2
The cycle time of each Timing Plan should be equal to the sum of the phase times of the longest path between barriers in all rings in the controller.



11.10.3
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SYNCHRONIZATION




11.10.3.1
For systems with a single system sync pulse, coordination timing shall be synchronized to the leading edge of that pulse, which shall serve as the master zero reference for all offset timing.




11.10.3.2
For hardwire systems with multiple sync pulses, the coordinator shall lock onto the correct sync by trying different syncs and checking for reoccurrence during successive cycles.




11.10.3.3
After a valid system sync pulse has been received the coordinator shall check for the proper occurrence of the system sync pulse during each subsequent cycle.  If a sync pulse does not occur for three consecutive cycles, the coordinator shall revert to “sync monitor free” operation (may be replaced by a TBC event). 



11.10.4
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OFFSET




11.10.4.1
Offset shall normally be defined as the time period from the system sync pulse to the beginning of the leading coor​dinated phase green (local zero).  The coordinator shall also be capable of referencing the offset to either the coordinated phase yield or force off point.  




11.10.4.2
Offsets shall be programmable using in seconds.  The range shall be from  0-999 seconds in 1 second increments.  The coordinator shall provide four (4) offsets per Timing Plan.




11.10.4.3
Offset changes shall be achieved by adding or subtracting cycle time over a maximum of three cycle periods to allow a smooth transition to the new offset. Offset correction using dwell shall also be selectable.



11.10.5
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SPLIT




11.10.5.1
Each split shall provide a split interval for each phase.  The split interval shall be program​mable using  seconds.  The range shall be from  0-999 seconds in 1 second increments. 




11.10.5.2
Split interval settings shall determine the maximum time, including vehicle clearance (yellow and red), for a non-coordinated phase, or the minimum time for a coordinated phase.




11.10.5.3
During coordination, it shall be possible to operate a coordinated phase as actuated or non-actuated.  If a coor​dinated phase is actuated, vehicle detections shall permit the coordinator to extend a phase beyond the normal yield point.  Extended coordinated phase green shall be selectable using the same range as split interval settings (percent or seconds).  If actuated coordinated phases are used they shall be able to have actuated or non-actuated (walk rest) pedestrian movements.



11.10.6
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PHASE RE-SERVICE




11.10.6.1
If actuated coordinated phases are in use it shall be possible to re-service non-coordinated phases within the same cycle if sufficient time remains.  A phase shall be re-serviced only if the permissive period for the phase indicates there is sufficient time remaining in the cycle to service the phase.




11.10.6.2
Phase re-service shall be capable of being enabled/ disabled in each coordination pattern.  During phase re-service the coordinated phase pedestrian timing shall be inhibited until local zero.



11.10.7
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TRANSITION CYCLES




11.10.7.1
The controller shall provide a smooth and orderly transi​tion when changing from free operation to coordinated operation and from one coordination command to another.




11.10.7.2
During a free-to-coordinated transition, the controller shall initiate a pick-up cycle beginning upon receipt of a sync pulse and a valid coordination command.  The controller shall then enter coordination mode upon crossing a barrier or if resting in the coordinated phases. 




11.10.7.3
Each coordination command shall select a cycle, offset and split.  A command change shall be imple​mented concurrent with a sync pulse.  Cycle, offset and split changes shall not take effect until local zero.




11.10.7.4
For each timing plan the user shall be able to specify the transition method (dwell or shortway) and the maximum adjustment time per cycle.




11.10.7.5
During transition minimum green intervals, pedestrian walk and clearance intervals and vehicular clearance intervals shall not be shortened. 



11.10.8
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LOCAL SPLIT DEMAND




11.10.8.1
The coordinator shall provide a minimum of two split demand detector inputs (assigned from system detectors) which shall allow the selection of a preferred coordination pattern  based on intersection demand.



11.10.9
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FREE MODE




11.10.9.1
The coordinator shall provide a free mode of operation, where all coordination control is removed.




11.10.9.2
Free mode operation shall be selectable by coordination com​mands, by external input or by keyboard entry.




11.10.9.3
The coordinator shall revert to the free mode when active con​troller inputs or functions would interfere with coor​dina​tion.  Such inputs or functions shall include the following:






a.
Manual control enable






b.
Stop time






c.
Automatic flash






d.
Preemption



11.10.10
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MANUAL CONTROL




11.10.10.1
The controller shall allow manual override of the current coordination command from the keyboard.  The manual command shall allow selection of any coordination pattern to be in effect.



11.10.11
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INTERCONNECT MODES




11.10.11.1
The coordinator shall be capable of operating with any of the following interconnect types:






a.
Non-interconnected coordination (time-based)






b.
Telemetry






c.
Hardwired




11.10.11.2
The coordinator shall be compatible with fixed-time inter​​connect, which provides the sync pulse superimposed on the offset lines.  The non-interconnected coordination mode shall serve as a backup when using telemetry or hardwired interconnect.



11.10.12
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MASTER COORDINATOR




11.10.12.1
The coordinator shall output the coordination command, including sync pulse.  This feature shall permit the controller to be used as a time-of-day master in a hard​wired inter​connected system.



11.10.13
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PREEMPTION




11.10.13.1
The controller shall provide a minimum of preemption six (6) sequences. Preemption capability shall be standard and shall not require additional modules or software.



11.10.14
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RAILROAD-FIRE-EMERGENCY VEHICLE PREEMPTION




11.10.14.1
The six preemptors shall be selectable as a priority or non-priority type. Priority preemptor calls shall over​ride non-priority preemptor calls. Low-numbered priority preemptors shall override higher-numbered prio​rity preemptor calls.  Non-priority preemptor calls shall be serviced in the order received.




11.10.14.2
Each preemptor shall provide a locking and non-locking memory feature for preemptor calls.  If a preemptor is in the non-locking mode and a call is received and dropped during the delay time, the preemptor shall not be ser​viced.




11.10.14.3
Preemptor timing intervals shall be programmable from 0-999 in one second increments or 0-9.9 in one-tenth second increments, depending on function. 




11.10.14.4
A programmable delay time interval shall be provided to inhibit the start of the preemption sequence. This inter​val shall begin timing upon receipt of a preemption call.




11.10.14.5
An inhibit time shall be provided as the last portion of the delay time interval.  During this time, phases that are not part of the preempt sequence shall be inhi​bited from service.




11.10.14.6
A programmable duration time shall be provided to control the minimum time that a preemptor remains active.  This time shall be programmable from 0-999 in one second incre​ments.




11.10.14.7
A programmable maximum time shall be provided to control the maximum time that a preemptor remains in the hold interval.  The preemptor maximum time interval shall be inhibited if the preemptor is programmed as a priority preemptor.




11.10.14.8
Phases timing at the beginning of a preemption sequence shall remain in effect for a minimum time before the controller advances to the next sequential interval.  If the phase has been timing for longer than the program​med preemptor minimum time, the controller shall immedia​tely advance to the next sequential interval.  Mini​mum times shall be programmable for the green/walk interval.




11.10.14.9
A phase shall advance to pedestrian clearance if it has timed the minimum WALK interval at the beginning of a preemption sequence. The programmed minimum pedestrian clearance will then be timed .  During preemption, pedestrian indicators shall be select​able as being a solid DON’T WALK, OFF (blank) or fully opera​tional.




11.10.14.10
If an overlap is in effect when the preemption sequence begins, it shall be possible to terminate the overlap so that it remains red for the remainder of the preemption sequence.  Overlaps terminating or forced to terminate shall time the preemptor minimum yellow and red clearance times.




11.10.14.11
Each preemptor shall provide user-programmable green, yellow and red track clearance intervals.  These shall begin timing immediately after the preemptor minimum red interval.  




11.10.14.12
During the track clearance period, the selected preempt timers shall time the track clear​ance green, yellow and red intervals once, and then advance to the dwell interval.  If track clearance timings are not selected the track clearance interval shall be omitted from the preempt sequence.




11.10.14.13
The preemption dwell interval shall begin immediately after track clear​ance.  It shall remain in effect until the pre​emptor duration time and minimum hold times have elapsed and the preemptor call has been removed or the preemptor maximum time has been exceeded.  During the pre​emp​tion hold interval, any one of the following conditions shall be selectable:






a.
Selected signal display






b.
Limited phase service






c.
All red






d.
Flash




11.10.14.14
Any valid signal display may be selectable as a “dwell” display.  Each individual signal set is programmable to indicate green, red, flashing yellow or flashing red during the track green and dwell intervals.




11.10.14.15
Each preemptor shall provide a user-programmable green, yellow and red dwell interval, during which selected phases shall operate normally, except that the minimum green interval time shall equal the hold green time.  At the completion of the hold green interval, the control​ler shall time the hold yellow and red clearance intervals prior to transfer to the exit phases.




11.10.14.16
Up to two permissive exit phases shall be selectable to time after the preemption sequence has been completed.  These shall serve as transition phases to return the controller to normal operation.  It shall also be possible to place calls on selected phases upon exiting preemption.




11.10.14.17
Each preemptor shall provide a user-programmable exit maximum time.  Upon exiting the preemption sequence, this time shall serve as the maximum green time in effect for one controller cycle for all phases except hold phases.




11.10.14.18
Preemptor linking shall permit preemption sequen​ces, where lower-priority preemp​tors may call the higher-priority preemptors upon termination of their preemption sequence.




11.10.14.19
Preemptor active outputs shall be provided for each of the preemptors. The output shall be set to ON when the preemption sequence begins and shall remain ON for the duration of the sequence.  It shall also be possible to program preempt active outputs to be ON only during preempt hold intervals.  Additionally, it shall be possible to program the non-active, non-priority preemptor outputs to flash while another preemptor is active.




11.10.14.20
Preemptors shall normally override automatic flash.  It shall be possible to inhibit this feature for each preemptor.



11.10.15

seq level3 \h \r0 
LOW PRIORITY ROUTINES




11.10.15.1
Six low-priority routine handlers  shall provide control for bus or other low-priority vehicles.  The low-priority handlers shall be overridden by railroad-fire-emergency vehicle preemptor calls.




11.10.15.2
A 6.25 pulse-per-second signal with a 50% duty cycle shall identify a low-priority call.  Low-priority calls shall be capable of call memory and shall be served in the order received.




11.10.15.3
Low-priority timing intervals shall be programmable from 0-999 in one second increments or 0-9.9 in one-tenth second increments depending on the function.




11.10.15.4
A re-service time shall be provided to avoid excessive utilization of the same low-priority handler.  If a call is received before the re-service time has elapsed, the handler shall not be re-serviced.  If re-service time has not been entered then all phases with a call when leaving the sequence shall be serviced before the low-priority handler may be served again.




11.10.15.5
Low-priority handlers shall provide delay, inhibit, and maximum time functions similar to those for railroad-fire-emergency vehicle preemptors described above.




11.10.15.6
Low-priority handlers shall provide the following entrance intervals:






a.
Green/pedestrian clearance






b.
Yellow






c.
Red




11.10.15.7
At the completion of the entrance red clearance, the low-priority routine shall advance to the hold green interval.  During this interval, up to two permissive phases shall be selectable to remain green until the minimum hold time has elapsed and the low-priority routine call has been removed or the preemptor maximum time has been exceeded.




11.10.15.8
It shall be possible to program the controller to allow concurrent phases to be serviced for a low-priority routine with only one phase selected as the hold interval phase.




11.10.15.9
Preemptor active outputs shall be provided for each of the preemptors. The output shall be set to flash when the preemption sequence begins and shall remain in flash for the duration of the sequence.  It shall also be possible to program preempt active outputs to flash only during preempt hold intervals.




11.10.15.10
PREEMPTION SAFEGUARDS




11.10.15.11
If a preemptor call is active when power is restored to a controller, the controller unit shall maintain the start-up condition for the duration of the preempt input and start-up time. Similarly, if external start is applied during a preemption sequence, the controller shall revert to Start-up  rather than the initialization condition.  The start-up condition shall remain in effect for the duration of the external start, preempt input and /or start-up time.


11.11
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TIME-BASED CONTROL & NON-INTERCONNECTED COORDINATION



The controller shall include time-based control.  This capability shall be a standard feature and shall not require additional modules or software.



11.11.1
CLOCK/CALENDAR FUNCTIONS




11.11.1.1
The controller shall provide a time-of-day (TOD) clock, which shall be used for all time-based control functions.  The only required clock settings shall be the current time (hour, minute and second) and date (month, day and year).  Day of week and week of year shall be automati​cally com​puted from the date setting.




11.11.1.2
During normal operation, the TOD clock shall use the power line frequency as its time base.  When power is removed, the time shall be maintained by a crystal oscillator for up to 30 days.  In the battery backup mode time is maintained to within +/- 0.005% as compared to WWV time standard.




11.11.1.3
In addition to entering time and date via the keyboard, it shall be possible to download the information from another controller, a computer or a system master.




11.11.1.4
The controller shall include a time reset input.  This feature shall reset the TOD clock to 04:00:00 whenever the time reset input is TRUE.




11.11.1.5
The TOD clock shall automatically compensate for leap year and shall be programmable to automatically switch to daylight savings time. The TOD clock shall maintain correct time and date with the change of the millennium.



11.11.2
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TIME-BASED CONTROL




11.11.2.1
A minimum of 250 different traffic and/or auxiliary events shall be capable of being programmed over a 99 year time frame. 




11.11.2.2
A program day is the list of traffic and/or auxiliary events to occur in a 24 hour period.  The TBC program shall provide for 99 program days to be defined.




11.11.2.3
The normal day-of-week (Sunday through Saturday) event listing will utilize program days 01 through 07 with Sunday being program day 01.




11.11.2.4
The exceptions to the normal day-of-week event listings (special days) will utilize program days 01 through 99. Program days 01 through 49 will be utilized for special day programs which occur on the same date (month and month day) every year.  Program days 50 through 99 shall be utilized for special days which occur on one date (year, month and month day) with program days 98 and 99 being utilized for the user-defined Daylight Savings Time increment and decrement.




11.11.2.5
It shall be possible to equate program days which require the same event listing to effectively multiply the event capacity.  It shall be possible to transfer (copy) an entire program day event listing to another program day to permit data editing to create a similar but different program day event listing.



11.11.3
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NON-INTERCONNECTED COORDINATION




11.11.3.1
The TBC scheduler shall provide for the programming of traffic and auxiliary events to implement non-interconnected coordination.  These shall not have to be entered in any special sequence.    Each of the traffic events shall permit selection of the following functions:






a.
Time of occurrence (Hour, minute and program day)






b.
Coordination pattern






c.
Flashing






d.
Maximum 2 timing by phase






e.
Phase omit by phase




11.11.3.2
Selection of TBC on-line by external input shall allow the coordination pattern selected by the TBC to override the current telemetry or hardwire system commanded coordination pattern.




11.11.3.3
When operating in the non-interconnected coordination mode the synchronization point for all cycles shall be referenced to a user selected reference time (sync reference) or the event time.  The sync reference time is that time at which all cycles shall be reset to zero. 




11.11.3.4
If the sync reference time is selected, the synchronization point for the cycle selected by the current event, shall be computed using the present time, sync reference time, and cycle length.  The synchronization point shall occur whenever the present time is such that an even number of cycle length periods have occurred since the sync reference time.


11.12
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AUXILIARY  FUNCTIONS



11.12.1
These events shall be separate from the non-interconnected coordination events described above. Auxiliary events shall not have to be entered in any special sequence.   Each of the  events shall permit selection of the following functions:




a.
Day program assignment




b.
Start time




c.
Auxiliary outputs




d.
Dimming




e.
Detector logging




f.
Detector diagnostic plan




g.
Control of eight special functions


11.13
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DETECTOR FUNCTIONS



11.13.1
The controller shall provide a minimum of 64 vehicle detector inputs.  Each input shall be assignable to any phase and be programmable as to detector function. Extend and delay timing shall be provided for each detector.  Each detector shall be capable of operating in a lock or non-lock mode.



11.13.2
The controller shall provide detector cross switching, which permits all vehicle detectors to alternately place calls on their assigned phases and their assigned cross-switch phases.  If the assigned phase is not green and the cross-switch phase is green, the detector shall place calls on the cross switch phase.



11.13.3
Each vehicle detector shall be user-programmable to operate as one of the following 7 detector types:




a.
Type 0 (VEH) - Detector shall operate as a standard detector providing one call per actuation.




b.
Type 1 (PED):  The detector input operates as a standard pedestrian detector.




c.
Type 2  (ONE): The detector input operates as a vehicle detector that is operational while the phase is not green until a call is received on the assigned phase.




d.
Type 3 (SBA): Detector shall operate as follows: Vehicle calls shall be accepted only when the phase is not green.  When a call is detected, it shall be held until the detection area is empty.  The extend timer shall begin timing with the phase green.  Once the extend timer times-out OR the detection area is empty, no further calls shall be accepted until the phase is again not green.




e.
Type 4 (SBB): Detector shall operate as follows:  Vehicle calls shall be accepted only when the phase is not green.  When a call is detected, it shall be held until the detection area is empty (if the extend timer is set to zero).  The extend timer shall begin timing with the phase green.  If a call is received before the extend timer has timed-out, the timer shall be reset.  Timer reset shall occur until a gap between the calls is large enough to allow the extend timer to time-out.  Once time-out has occurred, no further calls shall be accepted until the green terminates.




f.
Type 5 (PPL): The detector input operates as a turn vehicle detector Adaptive Protected/Permissive routine.




g.
Type 6 (PPT): The detector input operates as a through vehicle detector Adaptive Protected/ Permissive routine.



11.13.4
Each detector input shall be capable of functioning as one of 16 system detectors.



11.13.5
Vehicle detectors shall be capable of being assigned to a minimum of 8 speed trap detector sets.  Speed shall be detected using a two detector configuration.  The loop spacing, used for the calculation of vehicle speeds, shall be definable by the user through the front panel keyboard.



11.13.6
Detectors that are operating as a speed trap shall also provide volume and occupancy data.



11.13.7
For system detectors the CU shall accumulate volume and occupancy data on a per cycle basis for uploading to the system master.



11.13.8
The CU shall calculate the average speed for each of the speed traps on a per cycle basis for uploading to the system master.



11.13.9
The controller shall provide a minimum of 8 hardware-denoted pedestrian detector inputs.  Each pedestrian detector shall be assignable to any phase.


11.14
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SYSTEM COMMUNICATIONS



The controller shall be capable of communicating with an on-street system master or directly to a central office computer-based system.  This capability shall be provided through Port 3 of the controller. The controller shall receive system commands and data transmissions.  In addition, it shall transmit the controller status, data base and system detector information to the system master or central computer.



11.14.1
SYSTEM COMMANDS




11.14.1.1
The system interface shall allow the controller to receive, as a minimum, the following commands:






a.
Cycle, offset, and split (coordination pattern)






b.
Timing parameter downloading and verification






c.
Special function commands minimum of eight)






d.
Coordinated, Free, standby and flash mode commands






e.
Time and date






f.
Request for local status




11.14.1.2
In the absence of being polled by the system master, within a user-defined period (1-255 minutes), the local will revert to backup TBC and coordination mode.  When again polled by the master the local will return to the system mode and transition to the master-called program.



11.14.2
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STATUS DATA




11.14.2.1
The status of each of the following functions shall be transmitted to the system master on a once-per-second basis:






a.
Green and yellow status for all phases and overlaps






b.
Walk and pedestrian clearance status for all phases






c.
Vehicle and pedestrian detector status






d.
Phase termination status






e.
Local time






f.
Coordination status







(1)
Command source







(2)
Sync or transitioning status of coordinator






g.
Conflict flash status






h.
Local flash status






i.
Automatic flash status






j.
Local Free






k.
Preempt activity and calls






l.
Status of six user-defined alarms




11.14.2.2
The following information shall be transmitted to the system master on a once-per-cycle or once per minute basis:






a.
Cumulative volume and occupancy data for each system detector for the last sample period.






b.
Average speed data for each speed trap for the last sample period.






When the intersection is operating in a programmed flash mode, this information shall be transmitted on a once per minute basis.  During normal operation, the user shall be able to specify whether the information is transmitted on a once-per-cycle or once-per-minute basis.




11.14.2.3
The status of each of the following parameters on a per-phase basis shall be calculated on a pattern (Dial/Split/Offset) basis and transmitted to the system master:






a.
Volume (Per cycle average number of actuations)






b.
Stops (Per cycle average of the number of actuations received during the non-green time of the phase)






c.
Delay (Per cycle average time of the delay on each phase.  Delay accumulates based on cars waiting and elapsed time)






d.
Utilization (Per cycle average green time used on each phase)






e.
Number of times that each phase "gapped-out" 






f
Number of times that each phase "maxed-out" or was "forced off"



11.14.3
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UPLOAD/DOWNLOAD CAPABILITY




11.14.3.1
The system interface shall provide the capability to upload/download the entire intersection data base to/from the system master.



11.14.4

seq level3 \h \r0 
TELEMETRY




11.14.4.1
The system interface shall utilize RS-232C Data Terminal Equipment communications through Port 3 of the controller front panel.




11.14.4.2
There shall be a communications status display to show telemetry activity as follows:  on or off line, carrier active or inactive, transmit active/inactive and response returned (ACK or NAK), receive active and data valid or invalid.



11.14.5
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COMMUNICATIONS PROTOCOL




11.14.5.1
The vendor shall utilize a NTCIP compatible protocol for all system communications.  The vendor shall fully document and publish the protocol.  The vendor shall give the Utah Department of Transportation unrestricted rights to the protocol for use by the Department, their agents and other vendors.


11.15
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DIAGNOSTIC FEATURES



11.15.1
The controller shall include both automatic and operator-initiated diagnostics.  This capability shall be a standard feature and shall not require additional modules or software.



11.15.2
Automatic diagnostics shall verify memory, MMU compatibility programming, and microprocessor operation each time power is reapplied to the controller.  After power has been applied, diagnostics shall continually verify the operation of essential elements of the controller including at a minimum: PROM, EEPROM, communications, and the microprocessor.



11.15.3
Operator initiated diagnostics shall allow the operator to verify proper operation of all controller input, output, communications, keyboard, and display functions. Both manual and automatic test modes shall be provided.


11.16
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DETECTOR DIAGNOSTICS



11.16.1
Time-of-day controlled detector diagnostics shall be provided that allow testing vehicle and pedestrian detectors for no activity, maximum presence, and erratic output.



11.16.2
A minimum of two detector diagnostic plans shall be provided.  These plans shall be selectable on a time-of-day basis.  This shall allow varying the detector diagnostic values to correspond with changes in detector activity.



11.16.3
If a detector is diagnosed as failed, the associated phase shall be placed on minimum recall until such time as the detector is classified as “on-line”.



11.16.4
Diagnostics for NEMA TS2 detectors connected to the controller using a Bus Interface Unit (BIU) shall also include detection of watchdog, open and shorted loop, and excessive inductance change failures.


11.17
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LOGGING FEATURES



The controller shall be capable of logging and reporting detector activity, detector failures, and the occurrence of selected events or alarms.  Logs shall be capable of being printed or displayed on the front of the controller.



11.17.1
DETECTOR FAILURE LOGGING




11.17.1.1
The controller shall include a detector failure log buffer capable of storing a minimum of 20 time and date-stamped detector failure events.  Once logged, detector failure events shall remain in the log until cleared or the log buffer capacity is exceeded at which time the oldest detector failure events shall be overwritten.




11.17.1.2
All detector diagnostic failures shall be recorded in the detector failure log including: no activity, maximum presence, erratic counts, watchdog failure, open loop, shorted loop, and excessive inductance change.  If a detector recovers after a diagnostic failure, a detector on-line event shall be stored in the detector failure log.



11.17.2
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EVENT LOGGING




11.17.2.1
The controller shall include an event log buffer capable of storing a minimum of 120 time and date-stamped events or alarms.  Once logged, events shall remain in the buffer until cleared or the log buffer capacity is exceeded at which time the oldest events shall be overwritten.




11.17.2.2
At a minimum the following events shall be logged: communication failures, coordination faults, MMU and local flash status, preempt, power ON/OFF, low battery, data change (from keyboard), data change (from remote), processor faults, EPROM and EEPROM diagnostic faults, invalid TS2  configuration.  Up to 86 different messages shall be available.  An event shall be logged when an event or alarm returns to normal status.


11.18
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METHOD OF MEASUREMENT



NEMA TS2 Type 1 traffic controllers shall be measured for payment by the number of units each, complete with all components provided as specified herein and delivered to the Department.


11.19
BASIS OF PAYMENT



NEMA TS2 Type 1 traffic controllers will be paid at the contract unit price each, which price shall be payment in full, for furnishing a complete NEMA TS2 Type 1 Traffic Controller and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

12

seq level1 \h \r0 
ITEM 12. NEMA TS2 CONTROLLER - TYPE A2, Salt Lake Valley Region


12.1
INTRODUCTION



12.1.1
This specification sets forth the minimum requirements for a shelf-mountable, multi-phase, fully-​actuated, digital, solid-state traffic controller. The controller shall meet, as a minimum, all applicable sections of the NEMA Standards Publication No. TS2-1992.  Where differences occur, this specification shall govern. Controller versions shall be available to comply with NEMA TS2 Type 2 standards.  TS2 Type 2 controller units shall be capable of operating as TS2 Type 1 controller units.  





Note:  Throughout this specification the term system master is used.  This term can apply to either a vendor supplied on-street master with a pc interface, or a central computer running software supplied by others.


12.2
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HARDWARE



12.2.1
ENCLOSURE




12.2.1.1
The controller shall be compact so as to fit in limited cabinet space.  It shall be installable on a shelf that is not more than 7" deep.  External dimensions shall not be larger than 10" x 16" x 9 " (H x W x D).




12.2.1.2
The enclosure shall be constructed of sheet metal and shall be finished with an attractive and durable protec​tive coating.




12.2.1.3
The controller unit shall be of modular design.  The chassis shall be metal and shall be designed for easy access during maintenance, allowing for ease of testing without requiring disassembly or extender boards.



12.2.2
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ELECTRONICS




12.2.2.1
The electronics shall be modular and shall consist of vertical circuit boards.




12.2.2.2
A microprocessor shall be used for all timing and control functions.  Continuing operation of the microprocessor shall be verified by an independent monitor circuit, which shall set an output to FALSE and indicate an error message if a pulse is not received from the microprocessor within a defined period.




12.2.2.3
In the interest of reliability, sockets shall only be used for compo​nents with 20 pins or more.




12.2.2.4
A built-in, high-efficiency power supply shall generate all re​quired internal voltages.  All voltages shall be regulated and shall be monitored with control signals.  All fuses, connectors and controls  shall be mounted on the front of the controller unit.




12.2.2.5
Timing of the controller shall be derived from the 120 VAC power line. A 10-year lithium battery shall maintain the time-of-day clock and digital data during a power outage lasting up to 30 days.  Lead-acid, nickel-cadmium, or alka​line batteries shall not be accept​able.




12.2.2.6
All printed circuit boards shall meet the requirements of the NEMA Standard plus the following requirements to enhance reliability:






a.
All plated-through holes and exposed circuit traces shall be plated with solder.






b.
Both sides of the printed circuit board shall be covered with a solder mask material.






c.
The circuit reference designation for all components and the polarity of all capacitors and diodes shall be clearly marked adjacent to the component.   Pin 1 for all integrated circuit packages shall be desig​nated on all printed circuit boards.






d.
All electrical mating surfaces shall be gold-plated.



12.2.3
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FRONT PANEL & CONNECTORS




12.2.3.1
The front of the controller shall consist of a panel for the display and keyboard plus a separate panel for the connectors.




12.2.3.2
An 8-line by 40-character/line alphanumeric liquid crystal display (LCD) shall show program and status informa​tion.  The display area shall have nominal measurements of 1 1/2" x 5 1/4" (H x W) or larger.  For ease of viewing, backlighting and multiple levels of contrast adjustment shall be provided.




12.2.3.3
Front-panel operator inputs shall be via clearly labeled and environmentally-sealed keys.  These shall include a 12 position (0-9, plus * and #) telephone-type keypad, four-arrow cursor control keys plus four additional keys (E, F, + and -). 




12.2.3.4
All interface connectors shall be accessible from the front of the controller.




12.2.3.5
The Port 3 connector shall be mounted on the front of the CU and shall be an RS-232C Data Terminal Equipment (DTE) interface for interconnecting the CU to the system master.




12.2.3.6
The Port 3 connector shall be a 9 pin metal shell “D” subminiature type connector.  The connector shall utilize male contacts and shall be equipped with latching blocks.




12.2.3.7
The CU shall be furnished with a Port 4 which shall be an RS232C Date Terminal Equipment (DTE) interface for communicating with auxiliary equipment in the cabinet assembly.




12.2.3.8
The port 4 connector shall be a 9 pin metal shell “D” subminiature type connector.  The Connector shall utilize male contacts and shall be equipped with latching springs.




12.2.3.9
The front panel shall be furnished with A, B & C connectors as specified in the NEMA TS2 specifications. The A, B & C connectors shall be configured for Mode 0, TS1 compatible.




12.2.3.10
The front panel shall also be equipped with a D connector.  This connector shall be a 37 pin utilizing female contacts.  The connector shall be an AMP #747315-2 or equivalent.  The pin functions shall be as follows:

	PRIVATE 
Pin
	
	I/O
	
	Function

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37
	
	I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O
	
	System Detector 1

System Detector 7

System Detector 8

System Detector 5

System Detector 6

System Detector 2

System Detector 3

System Detector 4

Automatic Flash

Preempt 1

Preempt 2

Preempt 3

Preempt 4

MMU/Conflict Flash Status

Local Flash Status

Special Status 1

Special Status 2

Special Status 3

Special Status 4

Special Status 5

Special Status 6

Special Function 7

Special Function 8

Special Function 5

Special Function 6

Special Function 2

Special Function 3

Special Function 4

Special Function 1

Auxiliary 1

Auxiliary 2 or any Preempt

Auxiliary 3 or Detector Reset

Logic Common

Port 3 Serial Communications 1

Port 3 Serial Communications 1

Reserved

Reserved




12.2.4
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SERVICEABILITY




12.2.4.1
All electronic modules other than the power supply shall be easily removable from the front of the controller using a standard screwdriver as the only tool.  All power and signal connections to the circuit boards shall be via plug-in connectors. 




12.2.4.2
The controller layout shall allow the removal and repla​cement of any circuit board without unplugging or removing other circuit boards.  No more than two boards shall be attached together to form a circuit assembly.  Attaching hardware shall use captive screws or 1/4-turn fasteners to secure circuit assemblies to the enclosure.




12.2.4.3
The controller enclosure shall allow complete disassembly using a standard screwdriver.  It shall be designed so that one side of any circuit board is acces​sible for troubleshooting and testing while the controller is still in operation.  This capa​bi​lity shall be accomplished without the use of extender cards or card pullers.



12.2.5
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OPERATING DISPLAYS




12.2.5.1
The dynamic displays listed below shall be provided to show the operational status of the controller. Additional displays shall be offered for programming.




12.2.5.2
An intersection status display shall indicate the active status of all signal driver outputs and vehicle plus pedestrian calls.  When this display is active, vehicle and/or pedestrian calls may be placed from the keyboard.




12.2.5.3
An active timer display shall show a summary of ring, phase, coordination, preemption and time-based con​trol status.  The menu shall provide for the selection of any combination of the rings for display (R1 + R2, R3 + R4, R1 + R3, etc.).




12.2.5.4
This status display shall indicate current inter​val, pedestrian, density, maximum, and maximum extension timing by phase and ring.  The status of vehicle and pe​destrian phases shall be displayed in combination with vehicle and pedestrian calls.   Operational  modes shall also be displayed e.g. Time Base, Interconnected, System, Backup, Manual, System Flash, Start Flash, Stoptime, Preempt, Priority, TS2 Diagnostic Flash, etc. 




12.2.5.5
When this display is active vehicle and/or pedestrian calls may be placed from the keyboard.




12.2.5.6
A coordination timers display shall allow viewing of the real time status of coordination timer(s) and parameters for the active pattern.  Indicate the command source, current pattern information, local/system cycle count, offset mode, offset cor​rection, time-based control status, coord mode, max mode, force-off mode, phase pattern & mode and permitted phase & control data.




12.2.5.7
A preempt timers display shall indicate preemption (rail​road, fire, emergency, bus) and priority status. When a preemptor is active, the display shall also indicate preemptor interval and timer countdown as well as priority lockout and max call time out.




12.2.5.8
A time base status display shall indicate the current time and date, the current day and week program, the active programmed selections of the coordination pattern and auxiliary functions.




12.2.5.9
A comm status display shall indicate the current status of communications on Port 2 (RS232 connector), Port 3 (systems interface connector) and Port 4 (equipment interface connector).  The display shall include the settings (speed, data bits, parity and stop bits) programmed for each port.




12.2.5.10
A detector status display shall indicate the current status for up to 64 detectors.  The display shall show the status as determined by the detector diagnostics capability of the controller.  The condition will be reported as one of the following states:  on-line, failed open loop, failed shorted loop, failed excessive inductance  change, failed max presence diagnostic, failed no activity diagnostic, failed erratic counts diagnostic,  BIU frame fault, not supported or “LWD” (not TS2 detector, detector failure or detector watchdog timeout).




12.2.5.11
The detector activity display shall show the current cumulative volume and occupancy values for the system detectors connected to the CU.  These values shall be updated in real-time, and shall reset to zero after the information has been uploaded to the central computer or master.




12.2.5.12
The detector activity display shall also provide the average speed for all speed traps connected to the CU.  The value displayed shall be the average speed during the sample period and shall be updated in real-time.  The display shall reset to zero after the information has been uploaded to the central computer or master.


12.3
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PROGRAMMING



12.3.1
PROGRAMMING DISPLAYS




12.3.1.1
All programming parameters shall be accessible and capable of being programmed through the front-panel keyboard. Programming displays in the form of menus shall aid the operator in enter​ing data from the front-panel keyboard.




12.3.1.2
A main menu shall allow the user to select a major func​tion of the con​trol​ler. A sub-menu shall then be dis​played to allow the user to select a sub-function within the major func​tion.  Cursor keys shall allow the user to scroll through all menus and sub-menus.




12.3.1.3
English language and traffic engineering terminology shall be used throughout to facilitate programming.  The display organi​za​tion shall allow traffic personnel to program the controller with​out using refe​rence cards or manuals.




12.3.1.4
Programming entries shall consist of alpha or numerical values.  During program entry, the new data shall be displayed as it is entered.  Values shall only be validated and stored when entered by the user. is pressed.



12.3.2
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PROGRAMMING METHODS




12.3.2.1
The methods listed below shall be available for controller programming.  It shall be possible to program all CU parameters through each of the following methods. The manufacturer shall be able to provide as off-the-shelf items all of the firmware and software required to effect the listed programming methods and to implement network operation with system masters and host PC's.






a.
Manual data entry via the front panel keyboard.






b.
Data downloading, through the system interface, via telemetry from a system master.






d.
Data downloading from a portable PC-compatible computer, through the port 2 connector, via null-modem cable.






e.
Data downloading from a PC-compatible computer, through the Port 2 connector, via modem.






f.
Data downloading from one controller to another using a Port 2 on each controller.



12.3.3
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PROGRAMMING SECURITY




12.3.3.1
The controller unit shall prevent the alteration of keypad set unit variables prior to the user having entered a specific code.  No access code shall be required to display data.  Access codes shall initially be set at "0000" and shall be definable by the user. The controller shall allow entry of a code to prevent access from being turned off.



12.3.4
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PROGRAMMING UTILITY FUNCTIONS




12.3.4.1
A copy function shall permit copying all timing data from one phase to another.  It shall also permit copying all coordination pattern data from one pattern to another.  This feature will facilitate data entry when programming any two or more phases with the same timing values and/or two or more coordination patterns with the same pattern data.




12.3.4.2
The controller unit shall contain a backup data base stored in nonvolatile memory.  A copy function shall permit transferring the backup data base to the active data base.  An alternate data base for interchange control operation shall be selectable from the keyboard.




12.3.4.3
A print function shall allow the printing of controller unit data and detector count, detector failure, and event logs.  The controller shall be capable of interfacing with any printer with an RS-232 inter​face and capable of a minimum width of 80 columns.  The communication rate shall be 1200 bps minimum.




12.3.4.4
A sign-on message shall allow the user to view the con​trol​​ler software version number.  This message shall be displayed upon power-up until a key is depressed.


12.4
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ACTUATED CONTROL FUNCTIONS



The controller shall provide all actuated control func​tions and operations required by the NEMA TS2 Standard. In addition, it shall provide the features described in the following paragraphs.



12.4.1
PHASE SEQUENCE




12.4.1.1
The phase sequence of the controller shall be pro​gram​mable in any combination of sixteen phases, eight concurrent groups and four timing rings.




12.4.1.2
Phase sequence information shall be changeable from the keyboard and stored in EEPROM data memory. 




12.4.1.3
The standard phase sequence of the controller shall also be capable of being altered by coordination, time-of-day or external alternate sequence command.  The alternate sequence commands shall allow reversing the normal phase sequence of each phase pair as shown below:






a.
Command A reverses phases 1 and 2.






b.
Command B reverses phases 3 and 4.






c.
Command C reverses phases 5 and 6.






d.
Command D reverses phases 7 and 8.






e.
Command E reverses phases 9 and 10.






f.
Command F reverses phases 11 and 12.



12.4.2
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TIMING INTERVALS




12.4.2.1
Timing intervals shall be programmable from 0-99 in one second increments, 0-999 in one second increments or from 0-9.9 in one-tenth second increments, depending on the function.




12.4.2.2
Guaranteed minimum interval values of 3.0 seconds shall be set for all yellow clearance timings (normal and preempt routines).




12.4.2.3
Cars before reduction shall provide a user-specified number of actuations, or cars waiting, that must occur before starting gap reduction.  Gap reduction shall be initiated by either time before reduction or cars before reduction, whichever reaches its maximum value first.




12.4.2.4
During non-coordinated operation the controller shall be capable of dynamically extending the maximum green time for each phase based on vehicle demand. Up to three dynamic maximum green intervals shall be selectable per phase based on time-of-day.  The initial interval shall be selectable as either Max 1 or Max 2.  If the phase terminates due to max-out for two successive cycles, then the maximum green time in effect shall automatically be extended by one dynamic step inter​val on each successive cycle until it is equal to the dynamic Max value. If the phase gaps out for two successive cycles, then the maximum green time shall be reduced by one dynamic step interval until such subtraction would mean the adaptive max was less than the smaller of the normal max or the dynamic max. value.




12.4.2.5
During coordinated operation, the controller unit shall be capable of dynamically adjusting the phase splits (Critical Intersection Control).  This dynamic adjustment shall be performed such that the offset and cycle length of the current timing plan are preserved, and phase minimums are not violated.




12.4.2.6
Critical Intersection Control shall only be performed by the CU if that function has been enabled by the system master, or central computer, for the controller unit and timing plan in use.




12.4.2.7
Prior to initiating Critical Intersection Control, the CU shall verify that all required detectors are functioning properly, and that volume conditions at the intersection are such that CIC can provide a benefit to the traffic flow.




12.4.2.8
When CIC is enabled, all of the necessary detectors are functioning, and the proper traffic flow conditions are met, CIC shall dynamically adjust the vehicular phase splits on a cycle-by-cycle basis based on the demand for each phase.  Phase demand shall be based on smoothed volume and occupancy data collected by the system detectors. Exclusive pedestrian phases shall be excluded from the calculations.




12.4.2.9
The calculation of phase splits shall be performed in the following manner:






a.
First, the total computed green demand and cycle length are reduced by the amount of time necessary to satisfy all phase minimum durations specified for the timing plan.






b.
Second, the remaining green time is allocated based on the percentage of green demand for each phase versus the total green demand.






c.
Any remaining time (due to round off errors) is divided equally among the phases according to the phase length in descending order.




12.4.2.10
The calculation of green demand for each phase shall be computed based on the following equation:







D=R(A1*O+A2*V+A3*O*V) where







D=computed green demand







R=vehicle release rate (user specified between 0-5)







A1= CIC coefficient 1 (user specified between 0-5)







A2= CIC coefficient 2 (user specified between 0-5)







A3= CIC coefficient 3 (user specified between 0-5)







O= smoothed occupancy 







V= smoothed volume



12.4.3
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OVERLAPS




12.4.3.1
The controller shall provide eight internally-gene​rated overlaps (A,B,C,D, E, F, G and H).  These shall be individually program​mable as standard or protected/permissive. The green, yellow and red intervals shall be individually program​mable following termination of the parent phase.




12.4.3.2
Overlap functions shall be programmable from the controller keyboard. 



12.4.4
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CONDITIONAL SERVICE




12.4.4.1
The controller shall provide a programmable condi​tional service feature.  When selected, the controller shall service an odd-numbered phase once normal service to that phase has been completed and enough time for additional service exists on the concurrent even phase. 



12.4.5
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ADDITIONAL FEATURES




12.4.5.1
The following features shall be programmable for each phase:






a.
Phase in use






b.
Locking/non-locking detector memory






c.
Vehicle recall






d.
Pedestrian recall






e.
Maximum recall






f.
Soft recall




12.4.5.2
Soft recall shall return the controller to the programmed phase in the absence of other calls.




12.4.5.3
The controller shall permit power-up start and external start to be individually programmed by phase and interval. Start intervals shall be green, yellow or red.




12.4.5.4
During a power-up start condition, the controller shall be capable of timing an all-red or flash interval before the power-up start phase(s) and interval are displayed.




12.4.5.5
The controller shall provide last-car passage opera​tion on a per phase basis.  When selected, this feature shall provide a full passage (vehicle extension) interval when a phase gaps out with a gap in effect less than the vehicle extension interval (preset gap).




12.4.5.6
The controller shall provide both single and dual entry operation.  When selected, dual entry shall cause the con​trol​ler to ensure that one phase is timing in each ring.




12.4.5.7
It shall be possible via keyboard selection to inhibit the service of a phase with other phase(s) within the same concurrent group.




12.4.5.8
The controller shall provide the following additional selectable pedestrian functions:






a.
Actuated phase rest in WALK.






b.
Flashing WALK output.






c.
Pedestrian clearance protection during manual control.






d.
Pedestrian clearance through yellow.




12.4.5.9
The controller shall provide a programmable simul​ta​neous gap termination feature.  When programmed, phases in both rings shall gap out together in order to terminate the green interval and cross the barrier.




12.4.5.10
The controller shall provide control of five-section, protected/permissive left turn heads.  When selected, this feature shall cause the through (even) phase yellow to inhibit display of the left turn (odd) phase yellow.




12.4.5.11
The controller shall provide automatic flash selection per the requirements of the MUTCD.  Both the flash entrance and exit phases shall be programmable through the keyboard, and flashing shall be controlled by either setting the fault/voltage moni​tor output to be FALSE or by flashing through the load switch driver outputs. Automatic flash shall be selectable by external input, system command, or time of day.




12.4.5.12
The controller shall provide dimming for selectable load switch outputs.  Dimming shall be accomplished by inhi​biting the selected outputs for alternate half cycles of the 120 VAC line.  Dimming shall be controllable by time of day and an external input.  Programming shall permit individual dimming of the Green/Walk, Yellow/Ped Clear, Red/Don't Walk outputs for each load switch.


12.5
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COORDINATION



Coordination functions to control intersection cycle lengths, system offset rela​tion​ships, and phase split percentages shall be provided as a standard feature, with no need for additional modules or software.



12.5.1
COORDINATION MODES




12.5.1.1
Permissive Mode -  The coord phase(s) shall operate as non-actuated when coordinated.  The coordinator shall provide for a controlled release (permissive period) from the coord phase(s) to each of the remaining phases in sequence. When a call is not present for the phase to be serviced next in sequence, the coordinator shall re-allocate that phase’s time to the end of the coord phase.




12.5.1.2
The first part of each permissive period shall consist of a vehicle permissive period.  The length of the period shall be determined by the phase split and the vehicle minimum service time.




12.5.1.3
The second part of each permissive period shall consist of a pedestrian permissive concurrent with the vehicle permissive.  The length of this period shall be determined by the phase split and the pedestrian minimum service time.




12.5.1.4
Prior to the beginning of the first permissive period, the coord phase pedestrian shall display the ped clear indication and dwell “Don’t Walk.  This will expand each subsequent phase permissive due to the absence of coord phase ped clear time in each.  The coord phase pedestrian shall dwell Don’t Walk until such time as the coord phase terminates and returns to green or the last permissive period in the cycle is complete without the coord phase terminating.










12.5.1.5
Yield Mode - The coord phases(s) shall operate as non-actuated when coordinated.  The coordinator shall provide for a single release from the coord phases(s) to the remaining phases in sequence.




12.5.1.6
Permissive Yield Mode - The operation shall be similar to Permissive Mode above with the following exceptions:






1.
The coord phase pedestrian shall be actuated.






2.
Immediately prior to the first permissive, the coordinator will provide a variable period for the coord phase extension (Permissive Yield Point).







3.
The amount of coord phase extension shall be distributed proportionally .




12.5.1.7
Permissive Omit Mode - The operation shall be equal to Permissive Yield Mode above except that once the coord phase has terminated to service a call, it shall not occur again until rafter the last phase permissive has terminated or a phase is on that is compatible with the coord phase.




12.5.1.8
Sequential Omit Mode - The operation shall be equal to Permissive Yield Mode with the following exceptions:






1.
Sequential Omit Mode provides a phase by phase sliding window of service (lifted omit).  One and only one phase in a ring will have the omit lifted at any time.






2.
Following the Permissive Yield Period, the coord phase shall be omitted until the last permissive is over.






3.
Following the Permissive Yield Period, the opening of a permissive shall occur concurrent with the closing of the prior permissive.  The closing of each permissive shall occur at its normal position in the cycle.




12.5.1.9
A limitation shall be set on Sequential Omit coord Mode in that it shall apply only to units running with no more than two rings in a cluster.




12.5.1.10
Full Actuated Mode -  the operation shall be as defined in Permissive Yield Mode with the following exceptions:






1.
Following the Permissive Yield Period, any phase may be served in the standard sequence provided the permissive period for that phase has not expired.






2.
Following the Permissive Yield Period, any phase may be re-serviced in the standard sequence provided the permissive period for that phase has not expired.






3.
Following the Permissive Yield Period and prior to the end of the permissive for the phase before the first coord phase, the coord phase shall operate as an actuated phase.




12.5.1.11
A limitation shall be set on Full Actuated coord Mode in that it shall apply only to units running with no more than two rings in a cluster.




12.5.1.12
A minimum of 16 Timing Plans (Cycle/Split) shall be provided. The Timing Plans shall be selected using telemetry (system), hardwire, or non-interconnected (time base) commands.




12.5.1.13
A minimum of four (4) offsets shall be provided for each timing plan.



12.5.2
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CYCLE LENGTH




12.5.2.1
One cycle length shall be provided for each Timing Plan. The cycle shall be adjustable over a range of 30-999 seconds in 1 second increments.




12.5.2.2
The cycle time of each Timing Plan should be equal to the sum of the phase times of the longest path between barriers in all rings in the controller.



12.5.3
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SYNCHRONIZATION




12.5.3.1
For systems with a single system sync pulse, coordination timing shall be synchronized to the leading edge of that pulse, which shall serve as the master zero reference for all offset timing.




12.5.3.2
For hardwire systems with multiple sync pulses, the coordinator shall lock onto the correct sync by trying different syncs and checking for reoccurrence during successive cycles.




12.5.3.3
After a valid system sync pulse has been received the coordinator shall check for the proper occurrence of the system sync pulse during each subsequent cycle.  If a sync pulse does not occur for three consecutive cycles, the coordinator shall revert to “sync monitor free” operation (may be replaced by a TBC event). 



12.5.4
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OFFSET




12.5.4.1
Offset shall normally be defined as the time period from the system sync pulse to the beginning of the leading coor​dinated phase green (local zero).  The coordinator shall also be capable of referencing the offset to either the coordinated phase yield or force off point.  




12.5.4.2
Offsets shall be programmable using in seconds.  The range shall be from  0-999 seconds in 1 second increments.  The coordinator shall provide four (4) offsets per Timing Plan.




12.5.4.3
Offset changes shall be achieved by adding or subtracting cycle time over a maximum of three cycle periods to allow a smooth transition to the new offset. Offset correction using dwell shall also be selectable.



12.5.5
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SPLIT




12.5.5.1
Each split shall provide a split interval for each phase.  The split interval shall be program​mable using  seconds.  The range shall be from  0-999 seconds in 1 second increments. 




12.5.5.2
Split interval settings shall determine the maximum time, including vehicle clearance (yellow and red), for a non-coordinated phase, or the minimum time for a coordinated phase.




12.5.5.3
During coordination, it shall be possible to operate a coordinated phase as actuated or non-actuated.  If a coor​dinated phase is actuated, vehicle detections shall permit the coordinator to extend a phase beyond the normal yield point.  Extended coordinated phase green shall be selectable using the same range as split interval settings (percent or seconds).  If actuated coordinated phases are used they shall be able to have actuated or non-actuated (walk rest) pedestrian movements.



12.5.6
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PHASE RE-SERVICE




12.5.6.1
If actuated coordinated phases are in use it shall be possible to re-service non-coordinated phases within the same cycle if sufficient time remains.  A phase shall be re-serviced only if the permissive period for the phase indicates there is sufficient time remaining in the cycle to service the phase.




12.5.6.2
Phase re-service shall be capable of being enabled/ disabled in each coordination pattern.  During phase re-service the coordinated phase pedestrian timing shall be inhibited until local zero.



12.5.7
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TRANSITION CYCLES




12.5.7.1
The controller shall provide a smooth and orderly transi​tion when changing from free operation to coordinated operation and from one coordination command to another.




12.5.7.2
During a free-to-coordinated transition, the controller shall initiate a pick-up cycle beginning upon receipt of a sync pulse and a valid coordination command.  The controller shall then enter coordination mode upon crossing a barrier or if resting in the coordinated phases. 




12.5.7.3
Each coordination command shall select a cycle, offset and split.  A command change shall be imple​mented concurrent with a sync pulse.  Cycle, offset and split changes shall not take effect until local zero.



12.5.8

seq level3 \h \r0 
LOCAL SPLIT DEMAND




12.5.8.1
The coordinator shall provide a minimum of two split demand detector inputs (assigned from system detectors) which shall allow the selection of a preferred coordination pattern  based on intersection demand.



12.5.9
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FREE MODE




12.5.9.1
The coordinator shall provide a free mode of operation, where all coordination control is removed.




12.5.9.2
Free mode operation shall be selectable by coordination com​mands, by external input or by keyboard entry.




12.5.9.3
The coordinator shall revert to the free mode when active con​troller inputs or functions would interfere with coor​dina​tion.  Such inputs or functions shall include the following:






a.
Manual control enable






b.
Stop time






c.
Automatic flash






d.
Preemption



12.5.10
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MANUAL CONTROL




12.5.10.1
The controller shall allow manual override of the current coordination command from the keyboard.  The manual command shall allow selection of any coordination pattern to be in effect.



12.5.11
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INTERCONNECT MODES




12.5.11.1
The coordinator shall be capable of operating with any of the following interconnect types:






a.
Non-interconnected coordination (time-based)






b.
Telemetry






c.
Hardwired




12.5.11.2
The coordinator shall be compatible with fixed-time inter​​connect, which provides the sync pulse superimposed on the offset lines.  The non-interconnected coordination mode shall serve as a backup when using telemetry or hardwired interconnect.



12.5.12
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MASTER COORDINATOR




12.5.12.1
The coordinator shall output the coordination command, including sync pulse.  This feature shall permit the controller to be used as a time-of-day master in a hard​wired inter​connected system.



12.5.13
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PREEMPTION




12.5.13.1
The controller shall provide a minimum of preemption six (6) sequences. Preemption capability shall be standard and shall not require additional modules or software.



12.5.14

seq level3 \h \r0 
RAILROAD-FIRE-EMERGENCY VEHICLE PREEMPTION




12.5.14.1
The six preemptors shall be selectable as a priority or non-priority type. Priority preemptor calls shall over​ride non-priority preemptor calls. Low-numbered priority preemptors shall override higher-numbered prio​rity preemptor calls.  Non-priority preemptor calls shall be serviced in the order received.




12.5.14.2
Each preemptor shall provide a locking and non-locking memory feature for preemptor calls.  If a preemptor is in the non-locking mode and a call is received and dropped during the delay time, the preemptor shall not be ser​viced.




12.5.14.3
Preemptor timing intervals shall be programmable from 0-999 in one second increments or 0-9.9 in one-tenth second increments, depending on function. 




12.5.14.4
A programmable delay time interval shall be provided to inhibit the start of the preemption sequence. This inter​val shall begin timing upon receipt of a preemption call.




12.5.14.5
An inhibit time shall be provided as the last portion of the delay time interval.  During this time, phases that are not part of the preempt sequence shall be inhi​bited from service.




12.5.14.6
A programmable duration time shall be provided to control the minimum time that a preemptor remains active.  This time shall be programmable from 0-999 in one second incre​ments.




12.5.14.7
A programmable maximum time shall be provided to control the maximum time that a preemptor remains in the hold interval.  The preemptor maximum time interval shall be inhibited if the preemptor is programmed as a priority preemptor.




12.5.14.8
Phases timing at the beginning of a preemption sequence shall remain in effect for a minimum time before the controller advances to the next sequential interval.  If the phase has been timing for longer than the program​med preemptor minimum time, the controller shall immedia​tely advance to the next sequential interval.  Mini​mum times shall be programmable for the green/walk interval.




12.5.14.9
A phase shall advance to pedestrian clearance if it has timed the minimum WALK interval at the beginning of a preemption sequence. The programmed minimum pedestrian clearance will then be timed .  During preemption, pedestrian indicators shall be select​able as being a solid DON’T WALK, OFF (blank) or fully opera​tional.




12.5.14.10
If an overlap is in effect when the preemption sequence begins, it shall be possible to terminate the overlap so that it remains red for the remainder of the preemption sequence.  Overlaps terminating or forced to terminate shall time the preemptor minimum yellow and red clearance times.




12.5.14.11
Each preemptor shall provide user-programmable green, yellow and red track clearance intervals.  These shall begin timing immediately after the preemptor minimum red interval.  




12.5.14.12
During the track clearance period, the selected preempt timers shall time the track clear​ance green, yellow and red intervals once, and then advance to the dwell interval.  If track clearance timings are not selected the track clearance interval shall be omitted from the preempt sequence.




12.5.14.13
The preemption dwell interval shall begin immediately after track clear​ance.  It shall remain in effect until the pre​emptor duration time and minimum hold times have elapsed and the preemptor call has been removed or the preemptor maximum time has been exceeded.  During the pre​emp​tion hold interval, any one of the following conditions shall be selectable:







a.
Selected signal display







b.
Limited phase service







c.
All red







d.
Flash




12.5.14.14
Any valid signal display may be selectable as a “dwell” display.  Each individual signal set is programmable to indicate green, red, flashing yellow or flashing red during the track green and dwell intervals.




12.5.14.15
Each preemptor shall provide a user-programmable green, yellow and red dwell interval, during which selected phases shall operate normally, except that the minimum green interval time shall equal the hold green time.  At the completion of the hold green interval, the control​ler shall time the hold yellow and red clearance intervals prior to transfer to the exit phases.




12.5.14.16
Up to two permissive exit phases shall be selectable to time after the preemption sequence has been completed.  These shall serve as transition phases to return the controller to normal operation.  It shall also be possible to place calls on selected phases upon exiting preemption.




12.5.14.17
Each preemptor shall provide a user-programmable exit maximum time.  Upon exiting the preemption sequence, this time shall serve as the maximum green time in effect for one controller cycle for all phases except hold phases.




12.5.14.18
Preemptor linking shall permit preemption sequen​ces, where lower-priority preemp​tors may call the higher-priority preemptors upon termination of their preemption sequence.




12.5.14.19
Preemptor active outputs shall be provided for each of the preemptors. The output shall be set to ON when the preemption sequence begins and shall remain ON for the duration of the sequence.  It shall also be possible to program preempt active outputs to be ON only during preempt hold intervals.  Additionally, it shall be possible to program the non-active, non-priority preemptor outputs to flash while another preemptor is active.




12.5.14.20
Preemptors shall normally override automatic flash.  It shall be possible to inhibit this feature for each preemptor.



12.5.15
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LOW PRIORITY ROUTINES





12.5.15.0.1
Six low-priority routine handlers  shall provide control for bus or other low-priority vehicles.  The low-priority handlers shall be overridden by railroad-fire-emergency vehicle preemptor calls.





12.5.15.0.2
A 6.25 pulse-per-second signal with a 50% duty cycle shall identify a low-priority call.  Low-priority calls shall be capable of call memory and shall be served in the order received.





12.5.15.0.3
Low-priority timing intervals shall be programmable from 0-999 in one second increments or 0-9.9 in one-tenth second increments depending on the function.





12.5.15.0.4
A re-service time shall be provided to avoid excessive utilization of the same low-priority handler.  If a call is received before the re-service time has elapsed, the handler shall not be re-serviced.  If re-service time has not been entered then all phases with a call when leaving the sequence shall be serviced before the low-priority handler may be served again.





12.5.15.0.5
Low-priority handlers shall provide delay, inhibit, and maximum time functions similar to those for railroad-fire-emergency vehicle preemptors described above.





12.5.15.0.6
Low-priority handlers shall provide the following entrance intervals:







a.
Green/pedestrian clearance







b.
Yellow







c.
Red




12.5.15.1
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At the completion of the entrance red clearance, the low-priority routine shall advance to the hold green interval.  During this interval, up to two permissive phases shall be selectable to remain green until the minimum hold time has elapsed and the low-priority routine call has been removed or the preemptor maximum time has been exceeded.




12.5.15.2
It shall be possible to program the controller to allow concurrent phases to be serviced for a low-priority routine with only one phase selected as the hold interval phase.




12.5.15.3
Preemptor active outputs shall be provided for each of the preemptors. The output shall be set to flash when the preemption sequence begins and shall remain in flash for the duration of the sequence.  It shall also be possible to program preempt active outputs to flash only during preempt hold intervals.



12.5.16
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PREEMPTION SAFEGUARDS




12.5.16.1
If a preemptor call is active when power is restored to a controller, the controller unit shall maintain the start-up condition for the duration of the preempt input and start-up time. Similarly, if external start is applied during a preemption sequence, the controller shall revert to Start-up  rather than the initialization condition.  The start-up condition shall remain in effect for the duration of the external start, preempt input and /or start-up time.


12.6

seq level2 \h \r0 

seq level3 \h \r0 
TIME-BASED CONTROL & NON-INTERCONNECTED COORDINATION



The controller shall include time-based control.  This capability shall be a standard feature and shall not require additional modules or software.



12.6.1
CLOCK/CALENDAR FUNCTIONS




12.6.1.1
The controller shall provide a time-of-day (TOD) clock, which shall be used for all time-based control functions.  The only required clock settings shall be the current time (hour, minute and second) and date (month, day and year).  Day of week and week of year shall be automati​cally com​puted from the date setting.




12.6.1.2
During normal operation, the TOD clock shall use the power line 
frequency as its time base.  When power is removed, the time shall be maintained by a crystal oscillator for up to 30 days.  In the battery backup mode time is maintained to within +/- 0.005% as compared to WWV time standard.




12.6.1.3
In addition to entering time and date via the keyboard, it shall be possible to download the information from another controller, a computer or a system master.




12.6.1.4
The controller shall include a time reset input.  This feature shall reset the TOD clock to 04:00:00 whenever the time reset input is TRUE.




12.6.1.5
The TOD clock shall automatically compensate for leap year and shall be programmable to automatically switch to daylight savings time.



12.6.2
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TIME-BASED CONTROL




12.6.2.1
A minimum of 250 different traffic and/or auxiliary events shall be capable of being programmed over a 99 year time frame. 




12.6.2.2
A program day is the list of traffic and/or auxiliary events to occur in a 24 hour period.  The TBC program shall provide for 99 program days to be defined.




12.6.2.3
The normal day-of-week (Sunday through Saturday) event listing will utilize program days 01 through 07 with Sunday being program day 01.




12.6.2.4
The exceptions to the normal day-of-week event listings (special days) will utilize program days 01 through 99. Program days 01 through 49 will be utilized for special day programs which occur on the same date (month and month day) every year.  Program days 50 through 99 shall be utilized for special days which occur on one date (year, month and month day) with program days 98 and 99 being utilized for the user-defined Daylight Savings Time increment and decrement.




12.6.2.5
It shall be possible to equate program days which require the same event listing to effectively multiply the event capacity.  It shall be possible to transfer (copy) an entire program day event listing to another program day to permit data editing to create a similar but different program day event listing.



12.6.3
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NON-INTERCONNECTED COORDINATION




12.6.3.1
The TBC scheduler shall provide for the programming of traffic and auxiliary events to implement non-interconnected coordination.  These shall not have to be entered in any special sequence.    Each of the traffic events shall permit selection of the following functions:






a.
Time of occurrence (Hour, minute and program day)






b.
Coordination pattern






c.
Flashing






d.
Maximum 2 timing by phase






e.
Phase omit by phase




12.6.3.2
Selection of TBC on-line by external input shall allow the coordination pattern selected by the TBC to override the current telemetry or hardwire system commanded coordination pattern.




12.6.3.3
When operating in the non-interconnected coordination mode the synchronization point for all cycles shall be referenced to a user selected reference time (sync reference) or the event time.  The sync reference time is that time at which all cycles shall be reset to zero. 




12.6.3.4
If the sync reference time is selected, the synchronization point for the cycle selected by the current event, shall be computed using the present time, sync reference time, and cycle length.  The synchronization point shall occur whenever the present time is such that an even number of cycle length periods have occurred since the sync reference time.



12.6.4
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AUXILIARY  FUNCTIONS




12.6.4.1
These events shall be separate from the non-interconnected coordination events described above. Auxiliary events shall not have to be entered in any special sequence.   Each of the  events shall permit selection of the following functions:






a.
Day program assignment






b.
Start time






c.
Auxiliary outputs






d.
Dimming






e.
Detector logging






f.
Detector diagnostic plan






g.
Control of eight special functions


12.7
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DETECTOR FUNCTIONS



12.7.1
The controller shall provide a minimum of 64 vehicle detector inputs.  Each input shall be assignable to any phase and be programmable as to detector function. Extend and delay timing shall be provided for each detector.  Each detector shall be capable of operating in a lock or non-lock mode.



12.7.2
The controller shall provide detector cross switching, which permits all vehicle detectors to alternately place calls on their assigned phases and their assigned cross-switch phases.  If the assigned phase is not green and the cross-switch phase is green, the detector shall place calls on the cross switch phase.



12.7.3
Each vehicle detector shall be user-programmable to operate as one of the following 7 detector types:




a.
Type 0 (VEH) - Detector shall operate as a standard detector providing one call per actuation.




b.
Type 1 (PED):  The detector input operates as a standard pedestrian detector.




c.
Type 2  (ONE): The detector input operates as a vehicle detector that is operational while the phase is not green until a call is received on the assigned phase.




d.
Type 3 (SBA): Detector shall operate as follows: Vehicle calls shall be accepted only when the phase is not green.  When a call is detected, it shall be held until the detection area is empty.  The extend timer shall begin timing with the phase green.  Once the extend timer times-out OR the detection area is empty, no further calls shall be accepted until the phase is again not green.




e.
Type 4 (SBB): Detector shall operate as follows:  Vehicle calls shall be accepted only when the phase is not green.  When a call is detected, it shall be held until the detection area is empty (if the extend timer is set to zero).  The extend timer shall begin timing with the phase green.  If a call is received before the extend timer has timed-out, the timer shall be reset.  Timer reset shall occur until a gap between the calls is large enough to allow the extend timer to time-out.  Once time-out has occurred, no further calls shall be accepted until the green terminates.




f.
Type 5 (PPL): The detector input operates as a turn vehicle detector Adaptive Protected/Permissive routine.




g.
Type 6 (PPT): The detector input operates as a through vehicle detector Adaptive Protected/ Permissive routine.



12.7.4
Each detector input shall be capable of functioning as one of 16 system detectors.



12.7.5
Vehicle detectors shall be capable of being assigned to a minimum of 8 speed trap detector sets.  Speed shall be detected using a two detector configuration.  The loop spacing, used for the calculation of vehicle speeds, shall be definable by the user through the front panel keyboard.



12.7.6
Detectors that are operating as a speed trap shall also provide volume and occupancy data.



12.7.7
For system detectors the CU shall accumulate volume and occupancy data on a per cycle basis for uploading to the system master.



12.7.8
The CU shall calculate the average speed for each of the speed traps on a per cycle basis for uploading to the system master.



12.7.9
The controller shall provide a minimum of 8 hardware-denoted pedestrian detector inputs.  Each pedestrian detector shall be assignable to any phase.


12.8
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SYSTEM COMMUNICATIONS



The controller shall be capable of communicating with an on-street system master or directly to a central office computer-based system.  This capability shall be provided through Port 3 of the controller. The controller shall receive system commands and data transmissions.  In addition, it shall transmit the controller status, data base and system detector information to the system master or central computer.



12.8.1
SYSTEM COMMANDS




12.8.1.1
The system interface shall allow the controller to receive, as a minimum, the following commands:






a.
Cycle, offset, and split (coordination pattern)






b.
Timing parameter downloading and verification






c.
Special function commands (minimum of eight)






d.
Coordinated, Free, standby and flash mode commands






e.
Time and date






f.
Request for local status




12.8.1.2
In the absence of being polled by the system master, within a user-defined period (1-255 minutes), the local will revert to backup TBC and coordination mode.  When again polled by the master the local will return to the system mode and transition to the master-called program.



12.8.2
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STATUS DATA




12.8.2.1
The status of each of the following functions shall be transmitted to the system master on a once-per-second basis:






a.
Green and yellow status for all phases and overlaps






b.
Walk and pedestrian clearance status for all phases






c.
Vehicle and pedestrian detector status






d.
Phase termination status






e.
Local time






f.
Coordination status







(1)
Command source







(2)
Sync or transitioning status of coordinator






g.
Conflict flash status






h.
Local flash status






i.
Automatic flash status






j.
Local Free






k.
Preempt activity and calls






l.
Status of six user-defined alarms




12.8.2.2
The following information shall be transmitted to the system master on a once-per-cycle or once-per-minute basis:






a.
Cumulative volume and occupancy data for each system detector for the last sample period.






b.
Average speed data for each speed trap for the last sample period.






When the intersection is operating in a programmed flash mode, this information shall be transmitted on a once-per-minute basis.  During normal operation, the user shall be able to specify whether the information is transmitted on a once-per-cycle or once-per-minute basis.




12.8.2.3
The status of each of the following parameters on a per-phase basis shall be calculated on a pattern (Dial/Split/Offset) basis and transmitted to the system master:






a.
Volume (Per cycle average number of actuations)






b.
Stops (Per cycle average of the number of actuations received during the non-green time of the phase)






c.
Delay (Per cycle average time of the delay on each phase.  Delay accumulates based on cars waiting and elapsed time)






d.
Utilization (Per cycle average green time used on each phase)






e.
Number of times that each phase "gapped-out" 






f
Number of times that each phase "maxed-out" or was "forced off"



12.8.3
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UPLOAD/DOWNLOAD CAPABILITY




12.8.3.1
The system interface shall provide the capability to upload/download the entire intersection data base to/from the system master.



12.8.4
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TELEMETRY




12.8.4.1
The system interface shall utilize RS-232C Data Terminal Equipment communications through Port 3 of the controller front panel.




12.8.4.2
There shall be a communications status display to show telemetry activity as follows:  on or off line, carrier active or inactive, transmit active/inactive and response returned (ACK or NAK) , receive active and data valid or invalid.



12.8.5
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COMMUNICATIONS PROTOCOL




12.8.5.1
The vendor shall utilize a NTCIP compatible protocol for all system communications.  The vendor shall fully document and publish the protocol.  The vendor shall give the Utah Department of Transportation unrestricted rights to the protocol for use by the Department, their agents and other vendors.



12.8.6
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DIAGNOSTIC FEATURES




12.8.6.1
The controller shall include both automatic and operator-initiated diagnostics.  This capability shall be a standard feature and shall not require additional modules or software.




12.8.6.2
Automatic diagnostics shall verify memory, MMU compatibility programming, and microprocessor operation each time power is reapplied to the controller.  After power has been applied, diagnostics shall continually verify the operation of essential elements of the controller including at a minimum: PROM, EEPROM, communications, and the microprocessor.




12.8.6.3
Operator initiated diagnostics shall allow the operator to verify proper operation of all controller input, output, communications, keyboard, and display functions. Both manual and automatic test modes shall be provided.



12.8.7
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DETECTOR DIAGNOSTICS




12.8.7.1
Time-of-day controlled detector diagnostics shall be provided that allow testing vehicle and pedestrian detectors for no activity, maximum presence, and erratic output.




12.8.7.2
A minimum of two detector diagnostic plans shall be provided.  These plans shall be selectable on a time-of-day basis.  This shall allow varying the detector diagnostic values to correspond with changes in detector activity.




12.8.7.3
If a detector is diagnosed as failed, the associated phase shall be placed on minimum recall until such time as the detector is classified as “on-line”.




12.8.7.4
Diagnostics for NEMA TS2 detectors connected to the controller using a Bus Interface Unit (BIU) shall also include detection of watchdog, open and shorted loop, and excessive inductance change failures.


12.9
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LOGGING FEATURES



The controller shall be capable of logging and reporting detector activity, detector failures, and the occurrence of selected events or alarms.  Logs shall be capable of being printed or displayed on the front of the controller.



12.9.1
DETECTOR FAILURE LOGGING




12.9.1.1
The controller shall include a detector failure log buffer capable of storing a minimum of 20 time and date-stamped detector failure events.  Once logged, detector failure events shall remain in the log until cleared or the log buffer capacity is exceeded at which time the oldest detector failure events shall be overwritten.




12.9.1.2
All detector diagnostic failures shall be recorded in the detector failure log including: no activity, maximum presence, erratic counts, watchdog failure, open loop, shorted loop, and excessive inductance change.  If a detector recovers after a diagnostic failure, a detector on-line event shall be stored in the detector failure log.



12.9.2
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EVENT LOGGING




12.9.2.1
The controller shall include an event log buffer capable of storing a minimum of 120 time and date-stamped events or alarms.  Once logged, events shall remain in the buffer until cleared or the log buffer capacity is exceeded at which time the oldest events shall be overwritten.




12.9.2.2
At a minimum the following events shall be logged: communication failures, coordination faults, MMU and local flash status, preempt, power ON/OFF, low battery, data change (from keyboard), data change (from remote), processor faults, EPROM and EEPROM diagnostic faults, invalid TS2  configuration.  Up to 86 different messages shall be available.  An event shall be logged when an event or alarm returns to normal status.


12.10
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METHOD OF MEASUREMENT



NEMA TS2 Type 2 traffic controllers shall be measured for payment by the number of units each, complete with all components provided as specified herein and delivered to the Department.


12.11
BASIS OF PAYMENT



NEMA TS2 Type 2 traffic controllers will be paid at the contract unit price each, which price shall be payment in full, for furnishing a complete NEMA TS2 Type 2 traffic controller and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

13
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ITEM 13. NEMA TS2 TYPE 1 CABINET - SIZE 5, CONFIGURATION 3


13.1
All requirements for the NEMA TS2 TYPE 1 Cabinet - Size 5, CONFIGURATION 3, are described in ITEM 14, NEMA TS2 TYPE 1 CABINET - SIZE 6, CONFIGURATION 4, of this RFP, below.

14
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ITEM 14. NEMA TS2 TYPE 1 CABINET - SIZE 6, CONFIGURATION 4


14.1
GENERAL



14.1.1
This specification sets forth the minimum requirements for a TS2 Type 1 traffic control cabinet assembly.  The cabinet assembly shall meet, as a minimum, all applica​ble sections of the NEMA Standard Publication No. TS2-1992.  Where differences occur, this specification shall govern.


14.2
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CABINET DESIGN AND CONSTRUCTION



14.2.1
The cabinet shall be constructed from type 5052-H32 aluminum with a minimum thickness of 0.125 inches.



14.2.2
The cabinet shall be designed and manufactured with materials that will allow rigid mounting, whether intended for pole, base or pedestal mount​ing.  The cabinet must not flex on its mount.



14.2.3
A rain channel shall be incorporated into the design of the main door opening to prevent liquids from entering the enclosure.  The cabinet door opening must be a minimum of 80 percent of the front surface of the cabinet.



14.2.4
The top of the cabinet shall incorporate a 1-inch slope toward the rear to prevent rain accumulation.



14.2.5
Unless otherwise specified, the cabinet shall be sup​plied with a natural aluminum finish.  Sufficient care shall be taken in handling to ensure that scratches are minimized.  All surfaces shall be free from weld flash. Welds shall be smooth, neatly formed, free from cracks, blow holes and other irregularities.  All sharp edges shall be ground smooth.



14.2.6
All seams shall be sealed with RTV sealant or equivalent material on the interior of the cabinet.



14.2.7
All cabinets shall be supplied with two removable shelves manufactured from 5052-H32 aluminum. Shelf shall be a minimum of 10 inches deep.



14.2.8
One set of vertical "C" channels shall be mounted on each interior wall of the cabinet for the purpose of mounting the cabinet components.  The channels shall accommodate spring mounted nuts or studs.  All mounting rails shall extend to within 7 inches of the top and bottom of the cabinets.



14.2.9
The main door and police door-in-door shall close against a weatherproof and dust-proof, closed-cell neoprene gasket seal.  The gasket material for the main door shall be a minimum of 0.188 inches thick by 1.00 inch wide.  The gasket material for the police door shall be a minimum of 0.188 inches thick by 0.500 inches wide.  The gaskets shall be permanently bonded to the cabinet.



14.2.10
The lower section of the cabinet shall be equipped with a louvered air entrance.  The air inlet shall be large enough to allow sufficient air flow per the rated fan capacity.  Louvers must satisfy the NEMA rod entry test for 3R ventilated enclosures.  A non-corrosive, vermin- and insect-proof, removable air filter shall be secured to the air entrance.  The filter shall fit snugly against the cabinet door wall.



14.2.11
The roof of the cabinet shall incorporate an exhaust plenum with a vent screen.  Perforations in the vent screen shall not exceed 0.125 inches in diameter.



14.2.12
The main door shall be equipped with a three-point latching mechanism.



14.2.13
The handle on the main door shall utilize a shank of stainless steel 3/4 inches minimum diameter. The handle shall include a hasp for the attachment of an optional padlock.  The cabinet door handle shall rotate clockwise to open. The lock assembly shall be positioned so that the handle shall not cause any interference with the key when opening the cabinet door.



14.2.14
The main door hinge shall be a one-piece, continuous piano hinge with a stainless steel pin running the entire length of the door.  The hinge shall be attached in such a manner that no rivets or bolts are exposed.



14.2.15
The main door shall include a mechanism capable of holding the door open at approximately 90, 120, and 180 degrees under windy conditions.



14.2.16
The main door shall be equipped with a Corbin tumbler lock number 1548-1.  Two keys shall be supplied.



14.2.17
The police door-in-door shall be provided with a trea​sury type lock Corbin No. R357SGS or exact equivalent and one key.



14.2.18
Each cabinet shall be of sufficient size to accommodate all equipment.  At a minimum, the cabinet sizes are as follows:




- Size 5 (M)
cabinets - 51" H x 32" W x 18" D




- Size 6 (P)
cabinets - 56" H x 44" W x 24" D




Note: Height measured at front of cabinet.



14.2.19
Size 5 cabinets shall be suitable for base, pole or pedestal mounting. Size 6 cabinets shall be base mounted only.



14.2.20
All base mounted cabinets shall be supplied with anchor bolts to properly secure the cabinet to its base.  The cabinet flange for securing the anchor bolts shall not protrude outward from the bottom of the cabinet.  When a size 5 cabinet is to be base mounted it shall be furnished with two anchor bolts. Size 6 cabinets shall be provided with four anchor bolts.



14.2.21
Size 5 cabinets shall also be suitable for pole or pedestal mounting.  When a pole mounted cabinet is requested, the cabinet shall be supplied with a bottom panel, back wall reinforcing and mounting hardware.  When a pedestal mounted cabinet is requested, the cabinet shall be supplied with a reinforced bottom panel and mounting hardware.


14.3
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TERMINALS AND FACILITIES/MAIN PANEL DESIGN AND CON​STRUCTION



14.3.1
The main panel shall be constructed from 5052-H32 brushed aluminum of 0.125 inches minimum thickness and formed so as to eliminate any flexing when plug-in components are installed.



14.3.2
The main panel shall be fully wired in the following configurations:





a.
Size 5 Cabinet - Twelve load switch sockets, six flash transfer relay sockets, one flasher socket, three main panel BIU rack slots and two eight slot detector racks (compatible with TS2 Detector Rack Configuration 2).




b.
Size 6 Cabinet - Sixteen load switch sockets, eight flash transfer relay sockets, one flasher socket, three main panel BIU rack slots, two eight slot detector racks (compatible with TS2 Detector Rack Configuration 2) and one four slot detector rack (compatible with TS2 Detector Rack configuration 1).



14.3.3
All 12 and 16 position main panels shall be hinged at the bottom to allow easy access to all wiring on the rear of the panel.  It shall not be necessary to remove any shelf-mounted equipment to hinge down the main panel.



14.3.4
All load switch and flash transfer relay socket refer​ence designators shall be silk-screen labeled on the front and rear of the main panel to match drawing designations.



14.3.5
Up to eight load switch sockets may be positioned horizontally or stacked in two rows on the main panel. Main panels requiring more than eight load switch sockets shall be mounted in two horizontal rows.



14.3.6
All load switches shall be supported by a bracket extending at least three inches from the main panel.



14.3.7
Rack style mounting shall be provided to accommodate the required BIUs per the configuration listed in sec​tion 3.2 above.  A dual-row, 64‑pin female DIN 41612 Type B connector shall be provided for each BIU rack position.  Card guides shall be provided for both edges of the BIU.  Terminal and facilities BIU mounting shall be an integral part of the main panel. Detector rack BIU mounting shall be an integral part of the shelf-mounted detector rack.




14.3.7.1
All BIU rack connectors shall have prewired address pins corresponding to the requirements of the TS2 specification.  The address pins shall control the BIU mode of operation.  BIUs shall be capable of being interchanged with no additional programming.



14.3.8
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All main panels shall have all field wires contained within one row of  horizontally-mounted terminal blocks.



14.3.9
All field output circuits shall be terminated on an unfused compression type terminal block with a minimum rating of 10 amps.



14.3.10
All field input/output (I/O) terminals shall be identi​fied by permanent alphanumeric labels.  All labels shall use standard nomenclature per the NEMA TS2 speci​fication.



14.3.11
All field flash sequence programming shall be accom​plished at the field terminals with the use of a screw​driver only. 



14.3.12
Field terminal blocks shall be wired to use three posi​tions per vehicle, pedestrian or overlap phase (green, yellow, red)



14.3.13
The main panel shall contain a flasher socket (silk screen labeled) capable of operating a 15‑amp, 2‑pole, NEMA solid state flasher.  The flasher shall be supported by a bracket that extends at least three inches from the backpanel.



14.3.14
One RC network shall be wired in parallel with each flash transfer relay coil.  



14.3.15
All logic-level, NEMA-controller and Malfunction Man​agement Unit input and output terminations on the main panel shall be permanently labeled.  Cabinet prints shall identify the function of each terminal position. 



14.3.16
Terminal blocks for DC signal interfacing shall have a number 6-32 x 7/32 inch screw as minimum. Functions to be terminated shall be as specified in the listing of input/output Terminals in the TS2-1992 Standard document (Section 5).



14.3.17
All main panel wiring shall conform to the following wire size and color:





Green/Walk load switch output
- brown wire










- 16 gauge




Yellow load switch output

- yellow wire










- 16 gauge




Red/Don't Walk load switch 
- red wire





output



- 16 gauge




MMU (other than AC power)
- blue wire










- 22 gauge




Controller I/O


- blue wire










- 22 gauge




AC Line (power panel to 

- black wire





main panel)


- *




AC Line (main panel)

- black wire










- * 




AC Neutral (power panel to 
- white wire





main panel)


- *




AC Neutral (main panel)

- white wire










- *




Earth ground


- green wire










- *




* gauge varies with power panel/ main panel set



14.3.18
All wiring, 14 AWG and smaller, shall conform to MIL‑W‑16878/1, type B/N, 600V, 19-strand tinned cop​per. The wire shall have a minimum of 0.010 inches thick PVC insulation with clear nylon jacket and rated to 105 degrees Celsius.  All 12 AWG and larger wire shall have UL listed THHN/THWN 90 de​grees Celsius, 600V, 0.020 inches thick PVC insula​tion and clear nylon jacketed.



14.3.19
All controller and Malfunction Management Unit cables shall be of sufficient length to allow the units to be placed on either shelf or the outside top of the cabi​net in the operating mode.  Connect​ing cables shall be sleeved in a braided nylon mesh.  The use of exposed tie-wraps or interwoven cables are unacceptable.



14.3.20
All cabinet configurations shall be provided with enough RS-485 Port 1 communication cables to allow full capabilities of that cabinet.  Each communica​tion cable connector shall be a 15‑pin metal shell D subminiature type.  The cable shall be a shielded cable suitable for RS-485 communications.



14.3.21
All main panels shall be pre-wired for a Type-16 Mal​function Management Unit.



14.3.22
All wiring shall be neat in appearance.  All cabi​net wiring shall be continuous from its point of origin to its termination point.  Butt type connec​tions/splices are not acceptable.



14.3.23
All connecting cables and wire runs shall be se​cured by mechanical clamps.



14.3.24
The grounding system in the cabinet shall be divided into three separate circuits (AC Neutral, Earth Ground, and Logic Ground).  These ground circuits shall be connect​ed together at a single point as outlined in the NEMA TS2 Standard.



14.3.25
All pedestrian pushbutton inputs from the field to the controller shall be optoisolated through the BIU and operate at 12 VAC. 



14.3.26
All wire (size 16 AWG or smaller) at solder joints shall be hooked or looped around the eyelet or terminal block post prior to soldering to ensure circuit integrity.  Lap joint soldering is not acceptable.



14.3.27
The main panel shall be provided with output terminals for all of the preemption outputs of the CU.  The preemption terminal shall be wired to a relay panel which will provide 120 VAC to illuminate telltale lights when preemption is active.


14.4
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POWER PANEL DESIGN AND CONSTRUCTION



14.4.1
The power panel shall consist of a separate module, securely fastened to the right side wall of the cabinet.  The power panel shall be wired to provide the necessary power to the cabi​net, controller, Malfunction Management Unit, cabi​net power supply and auxiliary equipment.  It shall be manufactured from 0.090-inch, 5052-H32 aluminum.  All cabinet wiring shall be sized in accordance with NEC requirements. A 5 amp circuit breaker shall protect all line voltage cabinet wiring of #16 AWG or less.



14.4.2
The power panel shall house the following compo​nents:




a.
A 50-amp main breaker for 12 or 16 position cabi​nets.  This breaker shall supply power to the controller, MMU, sig​nals, cabinet power supply and auxiliary panels. Breakers shall be thermal mag​netic type, with a minimum of 10,000 amp inter​rupting capacity.






The cabinets shall also be provided with two double pole 20 ampere load bay circuit breakers. The cabinets shall be wired so that the load is essentially equally shared, i.e. with phases 1, 2, 5, and 6 and overlaps A and C on one breaker pole. Phases 3, 4, 7, and 8 and overlaps B and D on the other breaker pole.






b.
A 15-amp auxiliary breaker.  This breaker shall supply power to the fan, light and GFI outlet.






c.
A 60 amp, 125 VAC radio interference line filter.






d.
A mercury displacement relay shall be used to interrupt power to load switch bay during flashing operation. This relay shall be a minimum of 60 ampere tungsten load  continuous duty, full load rated from -35 C to 60 C ambient temperature. A surge suppression RC network and MOV shall be installed in parallel with the relay coil.






e.
A 13-position neutral bus bar capable of connecting three #12 wires per position.



14.4.3
All cabinet breakers shall be listed by an appropriate testing agency, as defined by the NEC.



14.4.4
The following separate ground connections shall be provided:




a.
Ground bus for driven ground, cabinet frame and equipment grounds (green wiring).




b.
Neutral bus for 120 VAC neutral connections for all line operated equipment (white wiring).




c.
Logic ground for all logic level signals (brown/white wiring).





These circuits shall remain totally insulated from each other, and shall be bonded only at the AC power input. 


14.5
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AUXILIARY CABINET EQUIPMENT



14.5.1
The cabinet shall be provided with a thermostatically controlled (adjustable between 80-150 degrees Fahren​heit) venti​lation fan in the top of the cabinet plenum. The fan shall be a ball bearing type fan and shall be capable of drawing a minimum of 100 cubic feet of air per min​ute. The fan shall be provided with elctro-magnetic surge suppression consisting of at least an RC network (.1UF 600 V, 47 Ohms) or MOV across the coil.



14.5.2
An incandescent lamp and socket shall be mounted in the cabinet to sufficiently illuminate the field terminals. The lamp shall be wired to either a 15-amp ON/OFF tog​gle switch mounted on the rear cover of the police panel or to a door activated switch mounted near the top of the door.




Alternately, if specified by the bid document, a fluorescent lighting fixture shall be mounted on the inside top of the cabinet near the front edge.  The fixture shall be rated to accommodate a F15T8 lamp. The lamp shall be wired to either a 15-amp ON/OFF toggle switch mounted on the rear cover of the police panel or to a door activated switch mounted near the top of the door.



14.5.3
A 15 amp duplex GFCI convenience outlet shall be provided in each cabinet.



14.5.4
The light and outlet circuit shall utilize 14 AWG wiring and shall be on a separate circuit breaker independent of the main breaker.



14.5.5
A sealable print pouch shall be mounted to the door of the cabinet.  The pouch shall be of sufficient size to accommodate one complete set of cabinet prints. 



14.5.6
Two sets of complete and accurate cabinet drawings shall be supplied with each cabinet.



14.5.7
One set of manuals for the controller and Malfunction Management Unit shall be supplied with each cabi​net.


14.6
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VEHICLE DETECTION 



14.6.1
A vehicle detector amplifier racks shall be provided in each cabinet as specified in Section 3.2.



14.6.2
Each cabinet shall also contain a two slot rack for preemption modules.  The output from the preemption modules shall be wired to the terminals & facilities panel as per NEMA TS2 specifications.



14.6.3
Each cabinet shall contain detector interface panels for the purpose of connecting field loops and vehicle detector amplifiers. The panels shall be manufactured from .090 minimum thickness 5052-H32 aluminum.



14.6.4
The interface panel shall contain terminal facilities for all detector and preemption channels provided in the cabinet. The terminals for each channel shall be wired independently of one another.



14.6.5
A ground bus terminal shall be provided between each loop pair ter​minals to provide a termination for the loop lead-in cable ground wire.



14.6.6
Lightning protection device mounting holes shall be provided to accommodate an EDCO SRA-16C, or EDCO SRA-6, or EDCO LCA-6, or a varistor lightning protection de​vice.  Lightning protection devices shall not be pro​vided unless specifically called for on the intersection plans.



14.6.7
A cable consisting of 22 AWG twisted pair wires (red and orange) shall be provided to connect from the panel to a detector rack. 



14.6.8
All termination points shall be identified by a unique number and silk screened on the panel.  The identification number shall identify the rack slot and channel.



14.6.9
Each detector rack shall be powered by the cabinet power supply (refer to section 9.6 of this specifica​tion).


14.7
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CABINET TEST SWITCHES AND POLICE PANEL



14.7.1
A test switch panel shall be mounted on the inside of the main door.  The test switch panel shall provide as a mini​mum the following:




a.
AUTO/FLASH SWITCH.  When in the flash posi​tion, power shall be maintained to the con​troller and the in​tersection shall be placed in flash.  The con​troller shall not be stop timed when in flash. If required by the plans and specifications, an op​tional RC network shall be provid​ed to give the controller an external start pulse when switch is returned to the auto position.  This will force the controller to initiate the start up sequence when exiting flash.




b.
STOP TIME SWITCH.  When applied, the controller shall be stop timed in the current interval.




c.
CONTROL EQUIPMENT POWER ON/OFF.  This switch shall control the con​troller, MMU, and cabinet power supply AC power.




Momentary test pushbuttons for all vehicle and pedes​trian inputs to the controller are not re​quired.  The TS2 controller to be provided with the cabinet assembly shall provide vehicular and pedestrian call inputs from its keyboard while in the standard status display.



14.7.2
The police door switch panel shall contain the follow​ing:




a.
SIGNALS ON/OFF SWITCH.  In the OFF position, power shall be removed from signal heads in the intersec​tion.  The controller shall continue to operate.  When in the OFF position, the MMU shall not con​flict or require reset.




b.
AUTO/FLASH SWITCH.  In the flash position, power shall not be removed from the controller and stop time shall be applied.  If required by the plans and specifica​tions, an optional RC network shall be provided to give the controller an external start pulse when switch is returned to the auto position. This will force the controller to initiate the start up sequence when exiting flash.




c.
AUTO/MANUAL SWITCH.  Cabinet wiring shall include provisions for an AUTO/MANUAL switch and a momen​tary pushbutton or hand cord.  The AUTO/MANUAL switch and pushbutton or hand cord shall not be provid​ed unless it is called for in the special provisions of this specification.



14.7.3
All toggle type switches shall be heavy duty and rated 15 amps minimum.  Single- or double-pole switches may be provided, as required.  All switches shall be rated for a minimum of 30,000 operations.



14.7.4
Any exposed terminals or switch solder points shall be covered with a non-flexible shield to prevent acciden​tal contact.



14.7.5
All switch functions must be permanently and clearly labeled.



14.7.6
All wire routed to the police door-in-door and test switch pushbut​ton panel shall be adequately protected against damage from repetitive opening and closing of the main door.


14.8
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CONTROLLER TELEMETRY INTERFACE PANEL



14.8.1
A telemetry interface harness and interface panel for FSK communications over twisted pair cable shall be supplied with each cabinet assembly.



14.8.2
The harness shall be a minimum of 6 feet long and shall consist of two twisted pairs, 22 AWG wire, terminated to a 9-pin "D" type connector at one end. The pin out of the 9‑pin connector shall be in exact accordance with the NEMA TS2 Standard.  The opposite end of the har​ness shall be terminated on a 10-position EDCO PCB-1B or exact equal lightning protection socket base.  



14.8.3
The interface panel shall be equipped with a 50 row, 6 position 66 block.  Each row shall have three two position clips.



14.8.4
A harness, consisting of two twisted pairs, 22 AWG wire shall be provided for connecting the active communications pairs on the 66 block to the lightning protection base specified in Section 8.2.



14.8.5
All terminal block designations and peripheral board-mounted components shall be labeled as to their number and function and shall correspond to the cabinet wiring diagrams.



14.8.6
The following signals shall be accessible from the teleme​try interface panel:




-
Local controller command lines 1 & 2.




-
Local controller readback lines 1 & 2.




-
Master controller command lines 1 & 2.




-
Master controller readback lines 1 & 2.




-
Earth grounds.



14.8.7
A socket mounted communication line transient protec​tion device shall be supplied with the telemetry inter​face panel.  The device shall be an EDCO model PC642C-008D or exact approved equivalent.  The transient pro​tection device shall be wired in series with the telem​etry communication circuit.


14.9
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AUXILIARY DEVICES



14.9.1
Load Switches




14.9.1.1
Load switches shall be solid state and shall conform to the requirements of Section 6.2 of the NEMA TS2 Stan​dard.




14.9.1.2
Signal load switches shall have a minimum rating of 15 amperes at 120 VAC for an incandescent lamp load. Triac switching devices shall be rated at 600 volts minimum, and have a design life of at least five (5) years.




14.9.1.3
The front of the load switch shall be provided with three indicators to show the input signal from the controller to the load switch.




14.9.1.4
Load switches shall be dedicated per phase.  The use of load switches for other partial phases is not accept​able.




14.9.1.5
The full complement of load switches shall be supplied with each cabinet to allow for maximum phase utiliza​tion for which the cabinet is designed (unless otherwise specified by the bid document).



14.9.2
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Flasher




14.9.2.1
The flasher shall be solid state and shall conform to the requirements of section 6.3 of the NEMA TS2 Stan​dard.




14.9.2.2
Flashing of field circuits for the purpose of intersec​tion flash shall be accomplished by a separate flasher.




14.9.2.3
The flasher shall be rated at 15 amperes, double pole with a nominal flash rate of 60 FPM.




14.9.2.4
Wiring shall be provided to assign any phase to either circuit of the flasher.



14.9.3
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Flash Transfer Relays




14.9.3.1
All flash transfer relays shall meet the requirements of Section 6.4 of the NEMA TS2 Standard.




14.9.3.2
The coil of the flash transfer relay must be deener​gized for flash operation.




14.9.3.3
The full complement of relays shall be supplied with each cabinet to allow for maximum phase utilization for which the cabinet is designed (unless modified by the bid document).




14.9.3.4
The flash transfer relays shall have surge suppression MOV connected in parallel with each of their coils.


14.10
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MALFUNCTION MANAGEMENT UNITS



This specification sets forth the minimum requirements for a shelf-mountable, sixteen channel, solid-state Malfunction Management Unit (MMU). The MMU shall meet, as a minimum, all applicable sections of the NEMA Stan​dards Publication No. TS2‑1992. An independent testing laboratory shall verify that the MMU will perform all its defined functions under the conditions set forth in Section 2 of the NEMA STANDARD (Environmental Standards and Test Procedures). Where differences occur, this specification shall govern. 



14.10.1
Enclosure




14.10.1.1
The MMU shall be compact so as to fit in limited cabinet space. It shall be installed on a shelf that is at least 7" deep. Overall dimensions, including mating connectors and harness, shall not exceed 10.5" x 4.5" x 11" (H x W x D). 




14.10.1.2
The enclosure shall be constructed of sheet aluminum with a minimum thickness of 0.062", and shall be fin​ished with an attractive and durable protective coating. Model, serial number, and program information shall be permanently displayed on the rear surface.



14.10.2
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Electronics




14.10.2.1
A microprocessor shall be used for all timing and con​trol functions. Continuing operation of the microproces​sor shall be verified by an independent monitor circuit, which shall force the OUTPUT RELAY to the de-energized "fault" state and indicate an error message if a pulse is not received from the microprocessor within a defined period. 




14.10.2.2
In the interest of reliability, only the PROM memory device for the microprocessor firmware shall be socket mounted. The PROM Memory socket shall be a precision screw machine type socket with a gold contact finish providing a reliable gas tight seal. Low insertion force sockets or sockets with "wiper" type contacts shall not be acceptable.




14.10.2.3
A built-in, high-efficiency power supply shall generate all required internal voltages. All voltages shall be regulated and shall be monitored with control signals. Failure of the internal power supply to provide proper operating voltages shall force the OUTPUT RELAY to the de-energized "fault" state and indicate an error mes​sage. A front panel mounted fuse shall be provided for the 120 VAC input.




14.10.2.4
User-programmed configuration settings shall be stored in an electrically erasable programmable read-only memory (EEPROM) or via front panel DIP switches. Designs using a battery to maintain configuration data shall not be acceptable.




14.10.2.5
All 120 VAC field terminal inputs shall provide an input impedance of at least 150K ohms and be terminated with a resistor having a power dissipation rating of 0.5 Watts or greater. Each 120 VAC field terminal input shall be sensed by a separate precision voltage comparator de​vice.




14.10.2.6
All electrical components used in the MMU shall be rated by the component manufacturer to operate over the full NEMA temperature range of -30 deg C to +74 deg C.




14.10.2.7
All printed circuit boards shall meet the requirements of the NEMA Standard plus the following requirements to enhance reliability:






a.
All plated-through holes and exposed circuit traces shall be plated with solder.






b.
Both sides of the printed circuit board shall be covered with a solder mask material.






c.
The circuit reference designation for all components and the polarity of all capacitors and diodes shall be clearly marked adjacent to the component. Pin #1 for all integrated circuit packages shall be desig​nated on both sides of all printed circuit boards.






d.
All electrical mating surfaces shall be gold plated.






e.
All printed circuit board assemblies shall be coated on both sides with a clear moisture-proof and fungus-proof sealant.



14.10.3
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Front Panel & Connectors




14.10.3.1
All displays, configuration switches, and connectors shall be mounted on the front panel of the MMU. All MMU configuration inputs beyond those required by the NEMA Standard shall be provided by front panel mounted DIP switches and shall be clearly labeled. Configuration DIP switches shall be provided for the following functions:






a.
Field Check / Dual Enables 1-16






b.
Green/Yellow-Dual Indication Enable






c.
BND Test Disable






d.
External Watchdog Enable




14.10.3.2
The connectors on the MMU shall have a metallic shell and be attached to the chassis internally. They shall be manufactured to meet MIL-C-26482 specifications. The connectors shall be mounted on the front of the unit in accordance with the following: Connector A shall inter​mate with a MS 3116 22-55 SZ, and Connector B shall intermate with a MS 3116 16-26 S.






In the interest of reliability and repairability, printed circuit board mounted MS connectors shall not be acceptable. Internal MS harness wire shall be a minimum of AWG #22, 19 strand.  Wiring between the MS connector and pc boards shall be soldered.  Friction or crimp style connectors are not acceptable




14.10.3.3
All indicator lights shall be water clear, T‑1 package, Red Super Bright type LEDs. Indicators shall be provided for the following items:






a.
Channel Status 1-16






b.
Conflict 






c.
Red Fail






d.
CVM / External Watchdog






e.
24V-2






f.
24V-1






g.
Clearance Fail






h.
Port 1 Fail






i.
Diagnostic / Program Card






j.
Field Check Fail






k.
Dual Indication






l.
Type 12 mode






m.
Power






n.
Port 1 Receive






o.
Port 1 Transmit



14.10.4
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Operating Modes




14.10.4.1
The MMU shall operate in both the Type 12 mode and Type 16 mode as required by the NEMA Standard.



14.10.5
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Monitoring Functions




14.10.5.1
The following monitoring functions shall be provided in addition to those required by the NEMA Standard Section 4.



14.10.6
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Dual Indication Monitoring




14.10.6.1
Sixteen switches labeled FIELD CHECK/DUAL ENABLES shall be provided on the MMU front panel to enable Dual Indi​cation Monitoring on a per channel basis. The Dual Indi​cation Monitor function shall provide two modes of oper​ation, Dual Indication Fault and Green/Yellow-Dual Indi​cation Fault.




14.10.6.2
When voltages on two inputs of a channel are sensed as active for more than 1000 msec, the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the DUAL INDICATION indi​cator. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. When voltages on two inputs of a channel are sensed as active for less than 700 msec, the MMU shall not transfer the OUTPUT relay contacts to the Fault position. 




14.10.6.3
When operating in the Type 16 mode with Port 1 communi​cations enabled, Bit #68 (Spare Bit #2) of the Type #129 response frame shall be set to indicate a Dual Indica​tion fault has been detected. 




14.10.6.4
Dual Indication Monitoring shall be disabled when the RED ENABLE input is not active. When operating in the Type 16 mode with Port 1 communications enabled, Dual Indication Monitoring shall also be disabled if the LOAD SWITCH FLASH bit is set to "1" in the Type #0 message from the Controller Unit.



14.10.7
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Dual Indication Monitor




14.10.7.1
Dual Indication monitoring shall detect simultaneous input combinations of active Green (Walk), Yellow, or Red (Don’t Walk) field signal inputs on the same channel. In Type 12 mode this monitoring function detects simul​taneous input combinations of active Green and Yellow, Green and Red, Yellow and Red, Walk and Yellow, or Walk and Red field signal inputs on the same channel.



14.10.8
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Green Yellow-Dual Indication Monitor




14.10.8.1
Green Yellow-Dual Indication monitoring shall detect simulta​neous inputs of active Green and Yellow field signal inputs on the same channel. It will be used to monitor channels which have an unused Red field signal input tied to AC LINE such as a five section signal head.




14.10.8.2
Green Yellow‑Dual Indication Monitoring shall be enabled by a front panel option switch. When the Green Yellow‑Dual Indica​tion Monitoring option is enabled, all channels which have the front panel FIELD CHECK/DUAL ENABLE switches OFF shall be individually monitored for simul​taneous active Green and Yellow field signal in​puts. All chan​nels which have the front panel FIELD CHECK/DUAL ENABLE switches ON (i.e., enabled for Dual Indication Monitoring) shall function as described above in Dual Indication Monitoring.



14.10.9
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Field Check Monitoring




14.10.9.1
Sixteen switches labeled FIELD CHECK/DUAL ENABLES shall be provided on the MMU front panel to enable Field Check Monitoring on a per channel basis. The Field Check Moni​tor function shall provide two modes of operation, Field Check Fault and Field Check Status.




14.10.9.2
Field Check Monitoring shall be disabled when the RED ENABLE input is not active. When operating in the Type 16 mode with Port 1 communications enabled, Field Check Monitoring shall also be disabled if the LOAD SWITCH FLASH bit is set to "1" in the Type #0 message from the Controller Unit. The Field Check Monitoring function shall be disabled in the Type 12 mode. 




14.10.9.3
Field Check Monitor






In the Field Check Fault mode, when the field signal input states sensed as active or inactive by the MMU do not correspond with the data provided by the Controller Unit in the Type #0 message for 10 consecutive messages, the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the FIELD CHECK FAIL indicator. The Channel Status Display shall indicate the channels on which the Field Check fault was detected. Bit #67 (Spare Bit #1) of the Type #129 response frame shall be set to indicate a Field Check fault has been detected. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. 




14.10.9.4
Field Check Status






The Field Check Status mode shall work in combination with the other fault monitoring functions of the MMU. When a Conflict, Red Fail, Clearance Fail, or Dual Indi​cation Fail triggers the MMU, the Channel Status Display and Fault Status Display shall correspond to that de​tected fault. If Field Check errors were detected while the fault was being timed, the FIELD CHECK FAIL indica​tor shall illuminate and double pulse once every 2 sec​onds. The channels on which the Field Check errors were detected shall double pulse at the same time as the FIELD CHECK FAIL indicator. Bit #67 (Spare Bit #1) of the Type #129 response frame shall also be set to indi​cate Field Check errors have been detected. 



14.10.10
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BND Error Detection Monitoring




14.10.10.1
The BND Error Detection function shall be designed to detect and respond to irregular field input waveforms such as: irregularly blinking (flickering); having con​stant extraneous noise; being dimmed invalidly under Controller Unit software control. 




14.10.10.2
Detection of a BND Error shall place the MMU into the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the BND FAIL indicator. The Channel Status display shall indicate the channels on which the fault occurred. When operating in the Type 16 mode with Port 1 communications enabled, Bit #69 (Spare Bit #3) of the Type #129 response frame shall be set to indicate a BND Error Detection fault has been detected. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the BND Fail fault state of the monitor. 



14.10.11
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External Watchdog Monitor




14.10.11.1
The MMU shall provide the capability to monitor an op​tional external logic level output from a Controller Unit or other external cabinet circuitry. If the MMU does not receive a change in state on the EXTERNAL WATCHDOG input for 1500 msec (100 msec), the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the CVM/WATCHDOG indicator. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the CVM/WATCHDOG fault state of the monitor.




14.10.11.2
When operating in the Type 16 mode with Port 1 communi​cations enabled, Bit #70 (Spare Bit #4) of the Type #129 response frame shall be set to indicate an External Watchdog fault has been detected.



14.10.12
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Type Fault Monitor




14.10.12.1
The MMU shall verify at power-up that the Type 12 or Type 16 operating mode as determined by the TYPE SELECT input is consistent with the mode set by the last exter​nal reset. 




14.10.12.2
Detection of a Type Fault shall place the MMU into the fault mode, transfer the OUTPUT relay contacts to the Fault position, illuminate the DIAGNOSTIC indicator, and flash the TYPE 12 indicator at a 2Hz rate. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the Type Fault state of the monitor.



14.10.13
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Display Functions





The following display functions shall be provided in addition to those required by the NEMA Standard Section 4.



14.10.14
Yellow Plus Red Clearance Interval Display





The MMU Channel Status display shall indicate with a steadily illuminated LED indicator, those channels which had the short Yellow plus Red interval (i.e., those channels which did not meet the minimum Yellow Change plus Red Clearance Interval). The conflicting channel(s) which was sensed active Green causing the Minimum Yellow Change plus Red Clearance Fault shall also be indicated with a single pulsed LED indicator.



14.10.15
Field Check Status Display




14.10.15.1
The FIELD CHECK FAIL indicator shall illuminate when a Field Check Fault is detected. The Channel Status dis​play shall show the channels on which the Field Check fault occurred.




14.10.15.2
If Field Check errors occurred during a Conflict Fault, Red Fail, Clearance Fail, or Dual Indication Fail the FIELD CHECK FAIL indicator shall illuminate and double pulse every 2 seconds. The channels on which the Field Check Status was detected during the fault shall double pulse on the Channel Status Display at the same time as the FIELD CHECK FAIL indicator.



14.10.16
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Display Indicators





The following display indicators shall be provided in addition to those required by the NEMA Standard Section 4.




14.10.16.1
Type 12 Mode Indicator






The TYPE 12 indicator shall illuminate when the MMU is programmed for Type 12 operation. If a Type Fault is detected the DIAGNOSTIC/PGM CARD indicator shall illumi​nate and the TYPE 12 indicator shall flash at a rate of 2Hz.




14.10.16.2
BND Fail Indicator






The BND FAIL indicator shall illuminate when a BND Fault is detected. The Channel Status display shall show the channels which were detected as BND Fail.




14.10.16.3
Dual Indication Indicator






The DUAL INDICATION indicator shall illuminate when a DUAL INDICATION Fault is detected. The Channel Status display shall show the channels which were detected as DUAL INDICATION.




14.10.16.4
Power Indicator






The POWER indicator shall flash at a rate of 2Hz when the AC LINE voltage is below the drop‑out level. It shall illuminate steadily when the AC LINE voltage re​turns above the restore level.




14.10.16.5
Port 1 Receive Indicator






The RECEIVE indicator shall illuminate for a 33 msec pulse each time a Port 1 message is correctly received from the Controller Unit.




14.10.16.6
Port 1 Transmit Indicator






The TRANSMIT indicator shall illuminate whenever the MMU has the Port 1 transmitter enabled. 




14.10.16.7
Program Card Indicator






The DIAGNOSTIC/PGM CARD indicator shall flash at a 2Hz rate if the Programming Card is absent or not seated properly in its mating connector. 



14.10.17
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Additional Features




14.10.17.1
The MMU shall include both automatic and operator initi​ated diagnostics. 




14.10.17.2
Automatic diagnostics shall verify memory and micropro​cessor operation each time power is reapplied to the MMU. After power has been applied, diagnostics shall continually verify the operation of essential elements of the MMU including at a minimum: PROM, EEPROM, commu​nications, internal power supply, and the microproces​sor.




14.10.17.3
Operator initiated diagnostics shall allow the operator to verify proper operation of all indicator lights, PROM, EEPROM, RAM, and microprocessor.


14.11
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BUS INTERFACE UNITS



14.11.1
All Bus Interface Units (BIUs) shall meet the require​ments of Section 8 of the NEMA TS2 Standard.



14.11.2
The full complement of BIUs shall be supplied with each cabi​net to allow for maximum phase and func​tion utilization for which the cabinet is de​signed.



14.11.3
Each Bus Interface Unit shall include power on and trans​mit indicators.  All indicators shall be LEDs.


14.12
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CABINET POWER SUPPLY



14.12.1
TS2 compliance




This specification sets forth the minimum requirements for a TS2 cabinet power supply that is AC line powered and pro​vides regulated DC power, unregulated AC power and a line frequency reference for TS2 detector racks, Bus Interface Units, load switches, and auxiliary cabinet equipment. As a minimum, the power supply shall meet all requirements of Section 5.3.5 of the NEMA TS2‑1992 Standard plus all other applicable sections of the Standard.



14.12.2
Mechanical




The power supply shall be compact to fit in limited cabinet space. External dimensions shall not exceed 6" x 5.75" x 8.4" (H x W x D) including connectors and protrusions. The power supply shall be mountable on a shelf or, alternately, be wall‑mountable via holes in its rear cover. The power supply enclosure shall be constructed of sheet aluminum.



14.12.3
Electrical




14.12.3.1
Printed Circuit Board




The power supply shall not use more than one printed circuit board. This board shall be made of NEMA FR‑4 glass epoxy or equivalent. Multi-layered pc boards will not be acceptable.  Exposed circuit traces shall be plated with solder.  The designation of all components and the polarity of all capacitors and diodes shall be clearly marked adjacent to the component.




14.12.3.2
Power Supply Design




In the interest of immunity to variations in incoming AC line voltage, the power supply design shall be based on the use of integrated-circuit voltage regulators for the 12 and 24 volt D.C. supplies. 




14.12.3.3
Environmental




The power supply shall meet all applicable requirements from Section 2 of the TS2‑1992 Standard, which covers AC power, temperature, humidity, transients, shock and vibration. These requirements include operation from 89 to 135 VAC power, 60 Hz + 3 Hz. The operating temperature shall be ‑34oC (‑30oF) to +74oC (+165oF).




14.12.3.4
Electrical Outputs





14.12.3.4.1
Electrical outputs shall be as specified in Section 5.3.5.2 of the TS2‑1992 Standard. Outputs shall be as follows:






-
+12 VDC + 1 VDC, 2.0 A






-
+24 VDC + 2 VDC, 2.0 A






-
12 VAC, 0.25 A






-
60 Hz Line Frequency Reference





14.12.3.4.2
Regulation of DC outputs within the specified limits and DC ripple not exceeding 0.5 V peak‑to‑peak shall be maintained  over an AC line variation from 89 to 135 VAC and a load vari​ation from 1/8 load to full load. The 12 VAC output shall be referenced to AC Neutral. It shall be unregulated, but shall not be less than 7.5 VAC at 89 VAC power. 





14.12.3.4.3
The line frequency output shall be False when the 60 Hz line is within its negative half cycle and then source a minimum of 50 mA at nominal 24 VDC. It shall be True when the 60 Hz line is within its positive half cycle and then sink a mini​mum of 50 mA. The rise and fall times shall be no greater than 50 microseconds when switching a 10,000 pF load capa​citance.




14.12.3.5
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Input & Output Connections





14.12.3.5.1
The power supply connector shall be located on the front panel of the power supply. It shall have a metallic shell connected to chassis ground and mate with an MS3106‑18‑1SW cable connector or equivalent. Pin terminations shall be as follows:







a.
AC Neutral







b.
Line Frequency Reference







c.
AC line







d.
+12 VDC Output







e.
+24 VDC Output







f.
Reserved







g.
Logic Ground







h.
Earth Ground







i.
12 VAC Output







j.
Reserved





14.12.3.5.2
The AC power input shall be protected against over‑current with a2 amp. slow-blow fuse.




14.12.3.6
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Indicators and Test Points





14.12.3.6.1
Three LED indicator lights shall be provided on the front panel of the power supply to indicate the presence of voltage. Outputs with a matching LED indicator light shall be 12 VAC, 24 VDC and 12 VDC.





14.12.3.6.2
Banana jack test points for +24 VDC and Logic Ground shall be provided on the front panel of the power supply.




14.12.3.7
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Test and Warranty





14.12.3.7.1
The power supply shall be thoroughly tested to insure com​pli​ance with this specification. Upon completion of initial tests, the unit shall be burned in at 74oC for 48 hours. It shall be retested following burn‑in.





14.12.3.7.2
The power supply shall be warranted to meet this specifi​cation at the time of delivery. It shall be warranted by the supplier against mechanical and electrical defects for a minimum period of one (1) year from date of delivery. Any defects in design, workmanship or material shall be correct​ed by the supplier during the warranty period at no cost to the purchaser.


14.13
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TESTING AND WARRANTY



14.13.1
Testing




14.13.1.1
Each cabinet assembly shall be tested as a complete entity under signal load for a minimum of 24 hours.




14.13.1.2
The cabinet shall be assembled and tested by the con​troller manufacturer or authorized local distributor to ensure proper component integration and operation.



14.13.2
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Warranty




14.13.2.1
The cabinet assembly and Malfunction Management Unit shall be warranted by the manufacturer against mechanical and electrical defects for a minimum of two years from the date of receipt or one year from the date of installation, whichever comes first. The manu​facturer's warranty shall be supplied in writing with each cabinet and controller.  Second party extended warranties are not acceptable.




14.13.2.2
Any minor defects will be corrected by the Utah Department of Transportation at their discretion, with the consent of the manufacturer.  All other repairs under warranty will be made by the manufacturer.  The manufacturer will bear all costs for making repairs under warranty including labor, parts and shipping.


14.14
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METHOD OF MEASUREMENT



NEMA TS2 Type 1 Size 5, Configuration 3 and size 6, Configuration 4 Cabinet Assemblies shall be measured separately for payment by the number of units each, complete with all components provided as specified herein and delivered to the Department.


14.15
BASIS OF PAYMENT



NEMA TS2 Type 1 Size 5, Configuration 3 and Size 6, Configuration 4, Cabinet Assemblies will be paid for separately at the contract unit price each, which price shall be payment in full, for furnishing a complete Cabinet Assembly as specified herein and for all labor, equipment, transportation, and incidentals necessary to complete each item of work.

15
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ITEM 15. NEMA TS2 TYPE 2 CABINET - SIZE 5, CONFIGURATION 3


15.1
All requirements for the NEMA TS2 TYPE 2 Cabinet - Size 5, CONFIGURATION 3, are described in ITEM 16, NEMA TS2 TYPE 2 CABINET - SIZE 6, CONFIGURATION 4, of this RFP, below.

16
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ITEM 16. NEMA TS2 TYPE 2 CABINET - SIZE 6, CONFIGURATION 4


16.1
GENERAL



16.1.1
This specification sets forth the minimum requirements for a TS2 Type 2 traffic control cabinet assembly.  The cabinet assembly shall meet, as a minimum, all applica​ble sections of the NEMA Standard Publication No. TS2-1992.  Where differences occur, this specification shall govern.


16.2
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CABINET DESIGN AND CONSTRUCTION



16.2.1
The cabinet shall be constructed from type 5052-H32 aluminum with a minimum thickness of 0.125 inches.



16.2.2
The cabinet shall be designed and manufactured with materials that will allow rigid mounting, whether intended for pole, base or pedestal mount​ing.  The cabinet must not flex on its mount.



16.2.3
A rain channel shall be incorporated into the design of the main door opening to prevent liquids from entering the enclosure.  The cabinet door opening must be a minimum of 80 percent of the front surface of the cabinet.



16.2.4
The top of the cabinet shall incorporate a 1-inch slope toward the rear to prevent rain accumulation.



16.2.5
Unless otherwise specified, the cabinet shall be sup​plied with a natural aluminum finish.  Sufficient care shall be taken in handling to ensure that scratches are minimized.  All surfaces shall be free from weld flash. Welds shall be smooth, neatly formed, free from cracks, blow holes and other irregularities.  All sharp edges shall be ground smooth.



16.2.6
All seams shall be sealed with RTV sealant or equivalent material on the interior of the cabinet.



16.2.7
All cabinets shall be supplied with two removable shelves manufactured from 5052-H32 aluminum. Shelf shall be a minimum of 10 inches deep.



16.2.8
One set of vertical "C" channels shall be mounted on each interior wall of the cabinet for the purpose of mounting the cabinet components.  The channels shall accommodate spring mounted nuts or studs.  All mounting rails shall extend to within 7 inches of the top and bottom of the cabinets.



16.2.9
The main door and police door-in-door shall close against a weatherproof and dust-proof, closed-cell neoprene gasket seal.  The gasket material for the main door shall be a minimum of 0.188 inches thick by 1.00 inch wide.  The gasket material for the police door shall be a minimum of 0.188 inches thick by 0.500 inches wide.  The gaskets shall be permanently bonded to the cabinet.



16.2.10
The lower section of the cabinet shall be equipped with a louvered air entrance.  The air inlet shall be large enough to allow sufficient air flow per the rated fan capacity.  Louvers must satisfy the NEMA rod entry test for 3R ventilated enclosures.  A non-corrosive, vermin- and insect-proof, removable air filter shall be secured to the air entrance.  The filter shall fit snugly against the cabinet door wall.



16.2.11
The roof of the cabinet shall incorporate an exhaust plenum with a vent screen.  Perforations in the vent screen shall not exceed 0.125 inches in diameter.



16.2.12
The main door shall be equipped with a three-point latching mechanism.



16.2.13
The handle on the main door shall utilize a shank of stainless steel 3/4 inches minimum diameter. The handle shall include a hasp for the attachment of an optional padlock.  The cabinet door handle shall rotate clockwise to open. The lock assembly shall be positioned so that the handle shall not cause any interference with the key when opening the cabinet door.



16.2.14
The main door hinge shall be a one-piece, continuous piano hinge with a stainless steel pin running the entire length of the door.  The hinge shall be attached in such a manner that no rivets or bolts are exposed.



16.2.15
The main door shall include a mechanism capable of holding the door open at approximately 90, 120, and 180 degrees under windy conditions.



16.2.16
The main door shall be equipped with a Corbin tumbler lock number 1548-1.  Two keys shall be supplied.



16.2.17
The police door-in-door shall be provided with a trea​sury type lock Corbin No. R357SGS or exact equivalent and one key.



16.2.18
Each cabinet shall be of sufficient size to accommodate all equipment.  At a minimum, the cabinet sizes are as follows:




- Size 5 (M)
cabinets - 51" H x 32" W x 18" D




- Size 6 (P)
cabinets - 56" H x 44" W x 24" D




Note: Height measured at front of cabinet.



16.2.19
Size 5 cabinets shall be suitable for base, pole or pedestal mounting. Size 6 cabinets shall be base mounted only.



16.2.20
All base mounted cabinets shall be supplied with anchor bolts to properly secure the cabinet to its base.  The cabinet flange for securing the anchor bolts shall not protrude outward from the bottom of the cabinet.  When a size 5 cabinet is to be base mounted it shall be furnished with two anchor bolts. Size 6 cabinets shall be provided with four anchor bolts.



16.2.21
Size 5 cabinets shall also be suitable for pole or pedestal mounting.  When a pole mounted cabinet is requested, the cabinet shall be supplied with a bottom panel, back wall reinforcing and mounting hardware.  When a pedestal mounted cabinet is requested, the cabinet shall be supplied with a reinforced bottom panel and mounting hardware.


16.3
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TERMINALS AND FACILITIES/MAIN PANEL DESIGN AND CON​STRUCTION



16.3.1
The main panel shall be constructed from 5052-H32 brushed aluminum of 0.125 inches minimum thickness and formed so as to eliminate any flexing when plug-in components are installed.



16.3.2
The main panel shall be fully wired in the following configurations:




a.
Size 5 Cabinet - Twelve load switch sockets, six flash transfer relay sockets, one flasher socket, and two eight slot detector racks (compatible with TS2 Detector Rack Configuration 2).




b.
Size 6 Cabinet - Sixteen load switch sockets, eight flash transfer relay sockets, one flasher socket, two eight lot detector racks (compatible with TS2 Detector Rack Configuration 2) and one four slot detector rack (compatible with TS2 Detector Rack configuration 1).



16.3.3
All 12 and 16 position main panels shall be hinged at the bottom to allow easy access to all wiring on the rear of the panel.  It shall not be necessary to remove any shelf-mounted equipment to hinge down the main panel.



16.3.4
All load switch and flash transfer relay socket refer​ence designators shall be silk-screen labeled on the front and rear of the main panel to match drawing designations.



16.3.5
Up to eight load switch sockets may be positioned horizontally or stacked in two rows on the main panel. Main panels requiring more than eight load switch sockets shall be mounted in two horizontal rows.



16.3.6
All load switches shall be supported by a bracket extending at least three inches from the main panel.



16.3.7
All main panels shall have all field wires contained within one row of  horizontally-mounted terminal blocks.



16.3.8
All field output circuits shall be terminated on an unfused compression type terminal block with a minimum rating of 10 amps.



16.3.9
All field input/output (I/O) terminals shall be identi​fied by permanent alphanumeric labels.  All labels shall use standard nomenclature per the NEMA TS2 speci​fication.



16.3.10
All main panels shall provide a means of programming the controller phase outputs to load switch inputs with only the use of a screwdriver.



16.3.11
Controller I/O terminals shall be configurable based on the input status of I/O mode pins (I/O Mode Bit A, A-q; I/O Mode Bit B, A-y; and I/O Mode Bit C, A-HH per Section 3.4.5.2.17 of the NEMA TS2 Standard.



16.3.12
All field flash sequence programming shall be accom​plished at the field terminals with the use of a screw​driver only. It shall also be possible to program which flasher circuit the phase shall be assigned to.



16.3.13
Field terminal blocks shall be wired to use three posi​tions per vehicle, pedestrian or overlap phase (green, yellow, red).



16.3.14
The main panel shall contain a flasher socket (silk screen labeled) capable of operating a 15‑amp, 2‑pole, NEMA solid state flasher.  The flasher shall be supported by a bracket that extends at least three inches from the backpanel.



16.3.15
One RC network shall be wired in parallel with each flash transfer relay coil.  



16.3.16
All logic-level, NEMA-controller and Malfunction Man​agement Unit input and output terminations on the main panel shall be permanently labeled.  Cabinet prints shall identify the function of each terminal position. Inputs and outputs that are selectable by I/O mode shall be labeled as Mode (Input or Output) #1-16 or #1-10. 



16.3.17
Terminal blocks for DC signal interfacing shall have a number 6-32 x 7/32 inch screw as minimum. Functions to be terminated shall be as specified in the listing of input/output Terminals in the TS2-1992 Standard document (Section 5).



16.3.18
All main panel wiring shall conform to the following wire size and color:




Green/Walk load switch output
- brown wire









- 16 gauge




Yellow load switch output
- yellow wire









- 16 gauge




Red/Don't Walk load switch 
- red wire





output



- 16 gauge




MMU (other than AC power)
- blue wire









- 22 gauge




Controller I/O


- blue wire









- 22 gauge




AC Line (power panel to 
- black wire





main panel)


- *




AC Line (main panel)

- black wire









- *




AC Neutral (power panel to 
- white wire





main panel)


- *




AC Neutral (main panel)

- white wire









- *




Earth ground


- green wire









- *




* gauge varies with power panel/ main panel set



16.3.19
All wiring, 14 AWG and smaller, shall conform to MIL‑W‑16878/1, type B/N, 600V, 19-strand tinned cop​per. The wire shall have a minimum of 0.010 inches thick PVC insulation with clear nylon jacket and rated to 105 degrees Celsius.  All 12 AWG and larger wire shall have UL listed THHN/THWN 90 de​grees Celsius, 600V, 0.020 inches thick PVC insula​tion and clear nylon jacketed.



16.3.20
All controller and Malfunction Management Unit cables shall be of sufficient length to allow the units to be placed on either shelf or the outside top of the cabi​net in the operating mode.  Connect​ing cables shall be sleeved in a braided nylon mesh.  The use of exposed tie-wraps or interwoven cables are unacceptable.



16.3.21
All cabinets shall be furnished with enough cable harnesses and connectors to allow the full capabilities of the cabinet.  Harness connectors shall be of the type required to intermate with their respective CU and MMU connectors.



16.3.22
All main panels shall be pre-wired for a Type-16 Mal​function Management Unit.



16.3.23
All wiring shall be neat in appearance.  All cabi​net wiring shall be continuous from its point of origin to its termination point.  Butt type connec​tions/splices are not acceptable.



16.3.24
All connecting cables and wire runs shall be se​cured by mechanical clamps.  Stick-on type clamps are not acceptable.



16.3.25
The grounding system in the cabinet shall be divided into three separate circuits (AC Neutral, Earth Ground, and Logic Ground).  These ground circuits shall be connect​ed together at a single point as outlined in the NEMA TS2 Standard.



16.3.26
The main panel shall incorporate a relay to remove +24 VDC from the common side of the load switches when the intersection is placed in flash.  The relay shall have a momentary pushbutton to apply power to the load switch inputs for ease of troubleshooting.



16.3.27
All pedestrian pushbutton inputs from the field to the controller shall be optoisolated through a four circuit optical isolation card and operate at 12 VAC.



16.3.28
A 12 VAC power supply shall be incorporated on the pedestrian opto-isolation card.



16.3.29
The opto-isolation components shall be socket mounted for ease of maintenance.



16.3.30
All wire (size 16 AWG or smaller) at solder joints shall be hooked or looped around the eyelet or terminal block post prior to soldering to ensure circuit integrity.  Lap joint soldering is not acceptable.



16.3.31
The main panel shall be provided with output terminals for all of the preemption outputs of the CU.  The preemption terminal shall be wired to a relay panel which will provide 120 VAC to illuminate telltale lights when preemption is active.


16.4
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POWER PANEL DESIGN AND CONSTRUCTION



16.4.1
The power panel shall consist of a separate module, securely fastened to the right side wall of the cabinet.  The power panel shall be wired to provide the necessary power to the cabi​net, controller, Malfunction Management Unit, cabi​net power supply and auxiliary equipment.  It shall be manufactured from 0.090-inch, 5052-H32 aluminum.  All cabinet wiring shall be sized in accordance with NEC requirements. A 5 amp circuit breaker shall protect all line voltage cabinet wiring of #16 AWG or less.



16.4.2
The power panel shall house the following compo​nents:




a.
A 50-amp main breaker for 12 or 16 position cabi​nets.  This breaker shall supply power to the controller, MMU, sig​nals, cabinet power supply and auxiliary panels. Breakers shall be thermal mag​netic type, with a minimum of 10,000 amp inter​rupting capacity.





The cabinets shall also be provided with two double pole 20 ampere load bay circuit breakers. The cabinets shall be wired so that the load is essentially equally shared, i.e. with phases 1, 2, 5, and 6 and overlaps A and C on one breaker pole. Phases 3, 4, 7, and 8 and overlaps B and D on the other breaker pole.





b.
A 15-amp auxiliary breaker.  This breaker shall supply power to the fan, light and GFI outlet.





c.
A 60 amp, 125 VAC radio interference line filter.





d.
A mercury displacement relay shall be used to interrupt power to load switch bay during flashing operation. This relay shall be a minimum of 60 ampere tungsten load  continuous duty, full load rated from -35 C to 60 C ambient temperature. A surge suppression RC network and MOV shall be installed in parallel with the relay coil.





e.
A 13-position neutral bus bar capable of connecting three #12 wires per position.



16.4.3
All cabinet breakers shall be listed by an appropriate testing agency, as defined by the NEC.



16.4.4
The following separate ground connections shall be provided:




a.
Ground bus for driven ground, cabinet frame and equipment grounds (green wiring).




b.
Neutral bus for 120 VAC neutral connections for all line operated equipment (white wiring).




c.
Logic ground for all logic level signals (brown/white wiring).





These circuits shall remain totally insulated from each other, and shall be bonded only at the AC power input. 


16.5
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AUXILIARY CABINET EQUIPMENT



16.5.1
The cabinet shall be provided with a thermostatically controlled (adjustable between 80-150 degrees Fahren​heit) venti​lation fan in the top of the cabinet plenum. The fan shall be a ball bearing type fan and shall be capable of drawing a minimum of 100 cubic feet of air per min​ute. The fan shall be provided with elctro-magnetic surge suppression consisting of at least an RC network (.1UF 600 V, 47 Ohms) or MOV across the coil.



16.5.2
An incandescent lamp and socket shall be mounted in the cabinet to sufficiently illuminate the field terminals. The lamp shall be wired to either a 15-amp ON/OFF tog​gle switch mounted on the rear cover of the police panel or to a door activated switch mounted near the top of the door.




Alternately, if specified by the bid document, a fluorescent lighting fixture shall be mounted on the inside top of the cabinet near the front edge.  The fixture shall be rated to accommodate a F15T8 lamp. The lamp shall be wired to either a 15-amp ON/OFF toggle switch mounted on the rear cover of the police panel or to a door activated switch mounted near the top of the door.



16.5.3
A 15 amp duplex GFCI convenience outlet shall be provided in each cabinet.



16.5.4
The light and outlet circuit shall utilize 14 AWG wiring and shall be on a separate circuit breaker independent of the main breaker.



16.5.5
A sealable print pouch shall be mounted to the door of the cabinet.  The pouch shall be of sufficient size to accommodate one complete set of cabinet prints. 



16.5.6
Two sets of complete and accurate cabinet drawings shall be supplied with each cabinet.



16.5.7
One set of manuals for the controller, vehicle detector amplifiers and Malfunction Management Unit shall be supplied with each cabi​net.


16.6
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VEHICLE DETECTION



16.6.1
Vehicle detector amplifier racks shall be provided in each cabinet as specified in Section 18.3.2.



16.6.2
Each cabinet shall also contain a two slot rack for preemption modules.  The output from the preemption modules shall be wired to the terminals & facilities panel as per NEMA TS2 specifications.



16.6.3
The detector rack shall be plug connected and completely removable from the cabinet without the disconnection of wires.



16.6.4
Each detector rack shall be equipped with its own power supply.  Power supplies shall provide a minimum 23.2 VDC at 300 milliamperes with 120 VAC input.  Power supplies shall include a minimum of 470 microfarad capacitors across each of the four output channels.



16.6.5
Each cabinet shall contain detector interface panels for the purpose of connecting field loops and vehicle detector amplifiers. The panels shall be manufactured from .090 minimum thickness 5052-H32 aluminum.



16.6.6
The interface panel shall contain terminal facilities for all detector channels provided in the cabinet. The terminals for each channel shall be wired independently of one another.



16.6.7
A ground bus terminal shall be provided between each loop pair ter​minals to provide a termination for the loop lead-in cable ground wire.



16.6.8
Lightning protection device mounting holes shall be provided to accommodate an EDCO SRA-16C, or EDCO SRA-6, or EDCO LCA-6, or a varistor lightning protection de​vice.  Lightning protection devices shall not be pro​vided unless specifically called for on the intersection plans.



16.6.9
A cable consisting of 22 AWG twisted pair wires (red and orange) shall be provided to connect from the panel to a detector rack. 



16.6.10
All termination points shall be identified by a unique number and silk screened on the panel.  The identification number shall identify the rack slot and channel.


16.7
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CABINET TEST SWITCHES AND POLICE PANEL



16.7.1
A test switch panel shall be mounted on the inside of the main door.  The test switch panel shall provide as a mini​mum the following:




a.
AUTO/FLASH SWITCH.  When in the flash posi​tion, power shall be maintained to the con​troller and the in​tersection shall be placed in flash.  The con​troller shall not be stop timed when in flash. If required by the plans and specifications, an op​tional RC network shall be provid​ed to give the controller an external start pulse when switch is returned to the auto position.  This will force the controller to initiate the start up sequence when exiting flash.




b.
STOP TIME SWITCH.  When applied, the controller shall be stop timed in the current interval.




c.
CONTROL EQUIPMENT POWER ON/OFF.  This switch shall control the controller, MMU, and cabinet power supply AC power.



16.7.2
A vehicle and pedestrian test panel shall be located at a convenient location inside the cabinet (not on the back of the door) equipped with a three position switch wired to each pedestrian and vehicle phase detector input permitting the substitution of manual calls into each controller phase detector input.  The switch shall be labeled ON, OFF and LOCKED CALL.  Locked call position to be momentary and reset to off when released.



16.7.3
The police door switch panel shall contain the follow​ing:




a.
SIGNALS ON/OFF SWITCH.  In the OFF position, power shall be removed from signal heads in the intersec​tion.  The controller shall continue to operate.  When in the OFF position, the MMU shall not con​flict or require reset.




b.
AUTO/FLASH SWITCH.  In the flash position, power shall not be removed from the controller and stop time shall be applied.  If required by the plans and specifica​tions, an optional RC network shall be provided to give the controller an external start pulse when switch is returned to the auto position. This will force the controller to initiate the start up sequence when exiting flash.




c.
AUTO/MANUAL SWITCH.  Cabinet wiring shall include provisions for an AUTO/MANUAL switch and a momen​tary pushbutton or hand cord.  The AUTO/MANUAL switch and pushbutton or hand cord shall not be provid​ed unless it is called for in the special provisions of this specification.



16.7.4
All toggle type switches shall be heavy duty and rated 15 amps minimum.  Single- or double-pole switches may be provided, as required.  All switches shall be rated for a minimum of 30,000 operations.



16.7.5
Any exposed terminals or switch solder points shall be covered with a non-flexible shield to prevent acciden​tal contact.



16.7.6
All switch functions must be permanently and clearly labeled.



16.7.7
All wire routed to the police door-in-door and test switch pushbut​ton panel shall be adequately protected against damage from repetitive opening and closing of the main door.


16.8
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CONTROLLER TELEMETRY INTERFACE PANEL



16.8.1
A telemetry interface harness and interface panel for FSK communications over twisted pair cable shall be supplied with each cabinet assembly.



16.8.2
The harness shall be a minimum of 6 feet long and shall consist of two twisted pairs, 22 AWG wire, terminated to a 9-pin "D" type connector at one end. The pin out of the 9‑pin connector shall be in exact accordance with the NEMA TS2 Standard.  The opposite end of the har​ness shall be terminated on a 10-position EDCO PCB-1B or exact equal lightning protection socket base.  



16.8.3
The interface panel shall be equipped with a 50 row, 6 position 66 block.  Each row shall have three two position clips.



16.8.4
A harness, consisting of two twisted pairs, 22 AWG wire shall be provided for connecting the active communications pairs on the 66 block to the lightning protection base specified in Section 8.2.



16.8.5
All terminal block designations and peripheral board-mounted components shall be labeled as to their number and function and shall correspond to the cabinet wiring diagrams.



16.8.6
The following signals shall be accessible from the teleme​try interface panel:




- Local controller command lines 1 & 2.




- Local controller readback lines 1 & 2.




- Master controller command lines 1 & 2.




- Master controller readback lines 1 & 2.




- Earth grounds.



16.8.7
A socket mounted communication line transient protec​tion device shall be supplied with the telemetry inter​face panel.  The device shall be an EDCO model PC642C-008D or exact approved equivalent.  The transient pro​tection device shall be wired in series with the telem​etry communication circuit.


16.9
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AUXILIARY DEVICES



16.9.1
Load Switches




16.9.1.1
Load switches shall be solid state and shall conform to the requirements of Section 6.2 of the NEMA TS2 Stan​dard.




16.9.1.2
Signal load switches shall have a minimum rating of 15 amperes at 120 VAC for an incandescent lamp load.  Triac switching devices shall be rated at 600 volts minimum, and have a design life of at least five (5) years.




16.9.1.3
The front of the load switch shall be provided with three indicators to show the input signal from the controller to the load switch.




16.9.1.4
Load switches shall be dedicated per phase.  The use of load switches for other partial phases is not accept​able.




16.9.1.5
The full complement of load switches shall be supplied with each cabinet to allow for maximum phase utiliza​tion for which the cabinet is designed (unless otherwise specified by the bid document).



16.9.2
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Flasher




16.9.2.1
The flasher shall be solid state and shall conform to the requirements of section 6.3 of the NEMA TS2 Stan​dard.




16.9.2.2
Flashing of field circuits for the purpose of intersec​tion flash shall be accomplished by a separate flasher.




16.9.2.3
The flasher shall be rated at 15 amperes, double pole with a nominal flash rate of 60 FPM.




16.9.2.4
Wiring shall be provided to assign any phase to either circuit of the flasher.



16.9.3
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Flash Transfer Relays




16.9.3.1
All flash transfer relays shall meet the requirements of Section 6.4 of the NEMA TS2 Standard.




16.9.3.2
The coil of the flash transfer relay must be deener​gized for flash operation.




16.9.3.3
The full complement of relays shall be supplied with each cabinet to allow for maximum phase utilization for which the cabinet is designed (unless modified by the bid document).




16.9.3.4
The flash transfer relays shall have surge suppression MOV connected in parallel with each of their coils.


16.10
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MALFUNCTION MANAGEMENT UNITS



This specification sets forth the minimum requirements for a shelf-mountable, sixteen channel, solid-state Malfunction Management Unit (MMU). The MMU shall meet, as a minimum, all applicable sections of the NEMA Stan​dards Publication No. TS2‑1992. An independent testing laboratory shall verify that the MMU will perform all its defined functions under the conditions set forth in Section 2 of the NEMA STANDARD (Environmental Standards and Test Procedures). Where differences occur, this specification shall govern. 



16.10.1
Enclosure




16.10.1.1
The MMU shall be compact so as to fit in limited cabinet space. It shall be installed on a shelf that is at least 7" deep. Overall dimensions, including mating connectors and harness, shall not exceed 10.5" x 4.5" x 11" (H x W x D). 




16.10.1.2
The enclosure shall be constructed of sheet aluminum with a minimum thickness of 0.062", and shall be fin​ished with an attractive and durable protective coating. Model, serial number, and program information shall be permanently displayed on the rear surface.



16.10.2
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Electronics




16.10.2.1
A microprocessor shall be used for all timing and con​trol functions. Continuing operation of the microproces​sor shall be verified by an independent monitor circuit, which shall force the OUTPUT RELAY to the de-energized "fault" state and indicate an error message if a pulse is not received from the microprocessor within a defined period. 




16.10.2.2
In the interest of reliability, only the PROM memory device for the microprocessor firmware shall be socket mounted. The PROM Memory socket shall be a precision screw machine type socket with a gold contact finish providing a reliable gas tight seal. Low insertion force sockets or sockets with "wiper" type contacts shall not be acceptable.




16.10.2.3
A built-in, high-efficiency power supply shall generate all required internal voltages. All voltages shall be regulated and shall be monitored with control signals. Failure of the internal power supply to provide proper operating voltages shall force the OUTPUT RELAY to the de-energized "fault" state and indicate an error mes​sage. A front panel mounted fuse shall be provided for the 120 VAC input.




16.10.2.4
User-programmed configuration settings shall be stored in an electrically erasable programmable read-only memory (EEPROM) or via front panel DIP switches. Designs using a battery to maintain configuration data shall not be acceptable.




16.10.2.5
All 120 VAC field terminal inputs shall provide an input impedance of at least 150K ohms and be terminated with a resistor having a power dissipation rating of 0.5 Watts or greater. Each 120 VAC field terminal input shall be sensed by a separate precision voltage comparator de​vice.




16.10.2.6
All electrical components used in the MMU shall be rated by the component manufacturer to operate over the full NEMA temperature range of -30 deg C to +74 deg C.




16.10.2.7
All printed circuit boards shall meet the requirements of the NEMA Standard plus the following requirements to enhance reliability:






a.
All plated-through holes and exposed circuit traces shall be plated with solder.






b.
Both sides of the printed circuit board shall be covered with a solder mask material.






c.
The circuit reference designation for all components and the polarity of all capacitors and diodes shall be clearly marked adjacent to the component. Pin #1 for all integrated circuit packages shall be desig​nated on both sides of all printed circuit boards.






d.
All electrical mating surfaces shall be gold plated.






e.
All printed circuit board assemblies shall be coated on both sides with a clear moisture-proof and fungus-proof sealant.



16.10.3
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Front Panel & Connectors




16.10.3.1
All displays, configuration switches, and connectors shall be mounted on the front panel of the MMU. All MMU configuration inputs beyond those required by the NEMA Standard shall be provided by front panel mounted DIP switches and shall be clearly labeled. Configuration DIP switches shall be provided for the following functions:






a.
Field Check / Dual Enables 1-16






b.
Green/Yellow-Dual Indication Enable






c.
BND Test Disable






d.
External Watchdog Enable




16.10.3.2
The connectors on the MMU shall have a metallic shell and be attached to the chassis internally. They shall be manufactured to meet MIL-C-26482 specifications. The connectors shall be mounted on the front of the unit in accordance with the following: Connector A shall inter​mate with a MS 3116 22-55 SZ, and Connector B shall intermate with a MS 3116 16-26 S.




16.10.3.3
In the interest of reliability and reparability, printed circuit board mounted MS connectors shall not be acceptable. Internal MS harness wire shall be a minimum of AWG #22, 19 strand.  Wiring between the MS connector and pc boards shall be soldered.  Friction or crimp style connectors are not acceptable




16.10.3.4
All indicator lights shall be water clear, T‑1 package, Red Super Bright type LEDs. Indicators shall be provided for the following items:






a.
Channel Status 1-16






b.
Conflict 






c.
Red Fail






d.
CVM / External Watchdog






e.
24V-2






f.
24V-1






g.
Clearance Fail






h.
Port 1 Fail






i.
Diagnostic / Program Card






j.
Field Check Fail






k.
Dual Indication






l.
Type 12 mode






m.
Power






n.
Port 1 Receive






o.
Port 1 Transmit



16.10.4
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Operating Modes




The MMU shall operate in both the Type 12 mode and Type 16 mode as required by the NEMA Standard.



16.10.5
Monitoring Functions




The following monitoring functions shall be provided in addition to those required by the NEMA Standard Section 4.



16.10.6
Dual Indication Monitoring




16.10.6.1
Sixteen switches labeled FIELD CHECK/DUAL ENABLES shall be provided on the MMU front panel to enable Dual Indi​cation Monitoring on a per channel basis. The Dual Indi​cation Monitor function shall provide two modes of oper​ation, Dual Indication Fault and Green/Yellow-Dual Indi​cation Fault.




16.10.6.2
When voltages on two inputs of a channel are sensed as active for more than 1000 msec, the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the DUAL INDICATION indi​cator. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. When voltages on two inputs of a channel are sensed as active for less than 700 msec, the MMU shall not transfer the OUTPUT relay contacts to the Fault position. 




16.10.6.3
When operating in the Type 16 mode with Port 1 communi​cations enabled, Bit #68 (Spare Bit #2) of the Type #129 response frame shall be set to indicate a Dual Indica​tion fault has been detected. 




16.10.6.4
Dual Indication Monitoring shall be disabled when the RED ENABLE input is not active. When operating in the Type 16 mode with Port 1 communications enabled, Dual Indication Monitoring shall also be disabled if the LOAD SWITCH FLASH bit is set to "1" in the Type #0 message from the Controller Unit.



16.10.7
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Dual Indication Monitor




Dual Indication monitoring shall detect simultaneous input combinations of active Green (Walk), Yellow, or Red (Don’t Walk) field signal inputs on the same channel. In Type 12 mode this monitoring function detects simul​taneous input combinations of active Green and Yellow, Green and Red, Yellow and Red, Walk and Yellow, or Walk and Red field signal inputs on the same channel.



16.10.8
Green Yellow-Dual Indication Monitor




16.10.8.1
Green Yellow-Dual Indication monitoring shall detect simulta​neous inputs of active Green and Yellow field signal inputs on the same channel. It will be used to monitor channels which have an unused Red field signal input tied to AC LINE such as a five section signal head.




16.10.8.2
Green Yellow‑Dual Indication Monitoring shall be enabled by a front panel option switch. When the Green Yellow‑Dual Indica​tion Monitoring option is enabled, all channels which have the front panel FIELD CHECK/DUAL ENABLE switches OFF shall be individually monitored for simul​taneous active Green and Yellow field signal in​puts. All chan​nels which have the front panel FIELD CHECK/DUAL ENABLE switches ON (i.e., enabled for Dual Indication Monitoring) shall function as described above in Dual Indication Monitoring.



16.10.9
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Field Check Monitoring




16.10.9.1
Sixteen switches labeled FIELD CHECK/DUAL ENABLES shall be provided on the MMU front panel to enable Field Check Monitoring on a per channel basis. The Field Check Moni​tor function shall provide two modes of operation, Field Check Fault and Field Check Status.




16.10.9.2
Field Check Monitoring shall be disabled when the RED ENABLE input is not active. When operating in the Type 16 mode with Port 1 communications enabled, Field Check Monitoring shall also be disabled if the LOAD SWITCH FLASH bit is set to "1" in the Type #0 message from the Controller Unit. The Field Check Monitoring function shall be disabled in the Type 12 mode. 




16.10.9.3
Field Check Monitor






In the Field Check Fault mode, when the field signal input states sensed as active or inactive by the MMU do not correspond with the data provided by the Controller Unit in the Type #0 message for 10 consecutive messages, the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the FIELD CHECK FAIL indicator. The Channel Status Display shall indicate the channels on which the Field Check fault was detected. Bit #67 (Spare Bit #1) of the Type #129 response frame shall be set to indicate a Field Check fault has been detected. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. 




16.10.9.4
Field Check Status






The Field Check Status mode shall work in combination with the other fault monitoring functions of the MMU. When a Conflict, Red Fail, Clearance Fail, or Dual Indi​cation Fail triggers the MMU, the Channel Status Display and Fault Status Display shall correspond to that de​tected fault. If Field Check errors were detected while the fault was being timed, the FIELD CHECK FAIL indica​tor shall illuminate and double pulse once every 2 sec​onds. The channels on which the Field Check errors were detected shall double pulse at the same time as the FIELD CHECK FAIL indicator. Bit #67 (Spare Bit #1) of the Type #129 response frame shall also be set to indi​cate Field Check errors have been detected. 



16.10.10
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BND Error Detection Monitoring




16.10.10.1
The BND Error Detection function shall be designed to detect and respond to irregular field input waveforms such as: irregularly blinking (flickering); having con​stant extraneous noise; being dimmed invalidly under Controller Unit software control. 




16.10.10.2
Detection of a BND Error shall place the MMU into the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the BND FAIL indicator. The Channel Status display shall indicate the channels on which the fault occurred. When operating in the Type 16 mode with Port 1 communications enabled, Bit #69 (Spare Bit #3) of the Type #129 response frame shall be set to indicate a BND Error Detection fault has been detected. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the BND Fail fault state of the monitor. 



16.10.11
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External Watchdog Monitor




16.10.11.1
The MMU shall provide the capability to monitor an op​tional external logic level output from a Controller Unit or other external cabinet circuitry. If the MMU does not receive a change in state on the EXTERNAL WATCHDOG input for 1500 msec (100 msec), the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the CVM/WATCHDOG indicator. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the CVM/WATCHDOG fault state of the monitor.




16.10.11.2
When operating in the Type 16 mode with Port 1 communi​cations enabled, Bit #70 (Spare Bit #4) of the Type #129 response frame shall be set to indicate an External Watchdog fault has been detected.



16.10.12
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Type Fault Monitor




16.10.12.1
The MMU shall verify at power-up that the Type 12 or Type 16 operating mode as determined by the TYPE SELECT input is consistent with the mode set by the last exter​nal reset. 




16.10.12.2
Detection of a Type Fault shall place the MMU into the fault mode, transfer the OUTPUT relay contacts to the Fault position, illuminate the DIAGNOSTIC indicator, and flash the TYPE 12 indicator at a 2Hz rate. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the Type Fault state of the monitor.



16.10.13
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Display Functions





The following display functions shall be provided in addition to those required by the NEMA Standard Section 4.



16.10.14
Yellow Plus Red Clearance Interval Display





The MMU Channel Status display shall indicate with a steadily illuminated LED indicator, those channels which had the short Yellow plus Red interval (i.e., those channels which did not meet the minimum Yellow Change plus Red Clearance Interval). The conflicting channel(s) which was sensed active Green causing the Minimum Yellow Change plus Red Clearance Fault shall also be indicated with a single pulsed LED indicator.



16.10.15
Field Check Status Display




16.10.15.1
The FIELD CHECK FAIL indicator shall illuminate when a Field Check Fault is detected. The Channel Status dis​play shall show the channels on which the Field Check fault occurred.




16.10.15.2
If Field Check errors occurred during a Conflict Fault, Red Fail, Clearance Fail, or Dual Indication Fail the FIELD CHECK FAIL indicator shall illuminate and double pulse every 2 seconds. The channels on which the Field Check Status was detected during the fault shall double pulse on the Channel Status Display at the same time as the FIELD CHECK FAIL indicator.



16.10.16
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Display Indicators





The following display indicators shall be provided in addition to those required by the NEMA Standard Section 4.



16.10.17
Type 12 Mode Indicator





The TYPE 12 indicator shall illuminate when the MMU is programmed for Type 12 operation. If a Type Fault is detected the DIAGNOSTIC/PGM CARD indicator shall illumi​nate and the TYPE 12 indicator shall flash at a rate of 2Hz.



16.10.18
BND Fail Indicator





The BND FAIL indicator shall illuminate when a BND Fault is detected. The Channel Status display shall show the channels which were detected as BND Fail.



16.10.19
Dual Indication Indicator





The DUAL INDICATION indicator shall illuminate when a DUAL INDICATION Fault is detected. The Channel Status display shall show the channels which were detected as DUAL INDICATION.



16.10.20
Power Indicator





The POWER indicator shall flash at a rate of 2Hz when the AC LINE voltage is below the drop‑out level. It shall illuminate steadily when the AC LINE voltage re​turns above the restore level.



16.10.21
Port 1 Receive Indicator





The RECEIVE indicator shall illuminate for a 33 msec pulse each time a Port 1 message is correctly received from the Controller Unit.



16.10.22
Port 1 Transmit Indicator





The TRANSMIT indicator shall illuminate whenever the MMU has the Port 1 transmitter enabled. 



16.10.23
Program Card Indicator





The DIAGNOSTIC/PGM CARD indicator shall flash at a 2Hz rate if the Programming Card is absent or not seated properly in its mating connector. 



16.10.24
Additional Features




16.10.24.1
The MMU shall include both automatic and operator initi​ated diagnostics. 




16.10.24.2
Automatic diagnostics shall verify memory and micropro​cessor operation each time power is reapplied to the MMU. After power has been applied, diagnostics shall continually verify the operation of essential elements of the MMU including at a minimum: PROM, EEPROM, commu​nications, internal power supply, and the microproces​sor.




16.10.24.3
Operator initiated diagnostics shall allow the operator to verify proper operation of all indicator lights, PROM, EEPROM, RAM, and microprocessor.


16.11
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TESTING AND WARRANTY



16.11.1
Testing




16.11.1.1
Each cabinet assembly shall be tested as a complete entity under signal load for a minimum of 24 hours.




16.11.1.2
The cabinet shall be assembled and tested by the con​troller manufacturer or authorized local distributor to ensure proper component integration and operation.



16.11.2
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Warranty




16.11.2.1
The cabinet assembly and Malfunction Management Unit shall be warranted by the manufacturer against mechanical and electrical defects for a minimum of two years from the date of receipt or one year from the date of installation, whichever comes first. The manu​facturer's warranty shall be supplied in writing with each cabinet and controller.  Second party extended warranties are not acceptable.




16.11.2.2
Any minor defects will be corrected by the Utah Department of Transportation at their discretion, with the consent of the manufacturer.  All other repairs under warranty will be made by the manufacturer.  The manufacturer will bear all costs for making repairs under warranty including labor, parts and shipping.


16.12
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METHOD OF MEASUREMENT



NEMA TS2 Type 2 Size 5, Configuration 3 and size 6, Configuration 4 Cabinet Assemblies shall be measured separately for payment by the number of units each, complete with all components provided as specified herein and delivered to the Department.


16.13
BASIS OF PAYMENT



NEMA TS2 Size 5, Configuration 3 and Size 6 Configuration 4 Cabinet Assemblies will be paid for separately at the contract unit price each, which price shall be payment in full, for furnishing a complete Cabinet Assembly as specified herein and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

17
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ITEM 17. TRAINING


17.1
DESCRIPTION



Work under this item shall consist of providing qualified instructors and all materials for training Department personnel and other designated personnel in the operation and maintenance of the various components furnished under this category - Traffic Signal Equipment.


17.2
MATERIALS



The contractor shall develop and submit training course outlines and samples of all training aids and manuals to the engineer for approval at least forty-five (45) days prior to the proposed scheduled start of the training sessions.  Written approval of this material shall be required prior to the final scheduling of the training sessions or the final production of training materials.  Training shall not begin until after approval of the submitted training material, and a minimum of 10 working days after acceptance of the operation and maintenance manuals specified under the Item Documentation.


17.3
As part of this item, the Contractor shall provide three sets of all test equipment needed to perform the tests called for in this specification.  The Contractor shall also provide 3 sets of any and all test equipment needed to perform routine maintenance on the equipment furnished under this category of the specification. The training sessions described under this item shall include training on the use of the test equipment furnished by the Contractor.


17.4
CONSTRUCTION METHODS



All training sessions shall be conducted at locations within Salt Lake County, Utah, to be designated by the Department.  Training sessions shall not overlap unless otherwise permitted by the Department.



17.4.1
Training shall consist of formal classroom lectures as well as “hands-on” training.  "Hands-on" training shall consist of working with the actual equipment.



17.4.2
Two (2) training sessions shall be provided the equipment as follows:




•
NEMA TS2 Controllers and Test Equipment
5 days



17.4.3
A "day" of training shall consist of 6 hours.  The two sessions for each equipment category/subsystem shall be identical in content.  The training sessions shall not overlap unless otherwise permitted by the engineer.  The attendance of each session shall not be more than 30 people.  Each session shall provide a basic understanding of the equipment and subsystems and their operation and maintenance.  These training sessions shall include as appropriate, and as a minimum:




a)
Background on concepts of equipment/subsystem, and theory of operation.




b)
Functional description of controller equipment.




c)
Procedures for installing and setting up equipment and components.




d)
Basic troubleshooting and fault determination procedures.




e)
Procedures for “mail-in” repairs.




f)
Preventive maintenance procedures and schedules.



17.4.4
The contractor shall video tape all training sessions, and provide the tapes to the Department for training new personnel in the future.


17.5
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METHOD OF MEASUREMENT



Training will be measured as a lump sum which shall cover all preparation of course materials and as well as the time and human resources to provide and run the course at a location to be determined by the Department.


17.6
BASIS OF PAYMENT



Training, measured as provided above, will be paid for at the contract unit price Lump Sum, which price shall be full compensation for furnishing instructors and training materials; for providing the training sessions; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

18
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ITEM 18. ENGINEERING FIELD SERVICES


18.1
DESCRIPTION



The Contractor shall provide on-site services when requested by UDOT, including, but not limited to:




a)
Assist the Department with design of system traffic-responsive operation




b)
Fully program local controllers and master controllers with coordination plans and timing settings




c)
Install system software on central computers and laptops




d)
Develop and program all intersection graphics and system maps on the system software




e)
Bench test systems to ensure proper operation of hardware and programming of coordination plans




f)
Training department personnel on operation of controllers and closed loop system software, troubleshooting, and bench repair of equipment 




g)
Provide field services for inspection of installation and fine-tuning of coordination timing



18.1.1
Field services shall be provided by experienced personnel familiar with use of the equipment and software. Experienced personnel shall include, but not be limited to, instructors, engineers, and field technicians.



18.1.2
Payment for on-site services will be on an 8-hour "person-day" basis with a minimum order of two (2) one full days



18.1.3
Time required to travel from out of state to Utah shall not be eligible for payment. Travel time within Utah between UDOT sites is included in the "person-day".



18.1.4
All direct costs of travel, accommodations, and meals shall be included in the unit bid price per day for on-site services. No separate payments will be made for these travel costs.



18.1.5
On-site services may be required anywhere in the state of Utah. Field services will be scheduled at least two weeks in advance.



18.1.6
No payment will be made for on-site services which are required to trouble-shoot or resolve problems caused by malfunctions or failures of the Contractor's equipment or for work done under warranty.


18.2
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METHOD of MEASUREMENT



Engineering Field Services will be measured as days, with each day consisting of an eight hour "person-day".


18.3
BASIS of PAYMENT



Engineering Field Services, measured as provided above, will be paid for at the contract unit price per day, which price shall be full compensation for furnishing field personnel to provide field services; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.
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ITEM 19. ALLOWANCE FOR MISCELLANEOUS ITEMS


19.1
DESCRIPTION



Under this item, UDOT will purchase miscellaneous ATMS signal equipment parts on an as-needed basis in small quantities. This will include spare and replacement parts.  Equipment purchased may include, but not be limited to the following:




a)
Controller components (modules, connectors, etc)




b)
Load switches




c)
Conflict monitors




d)
Detector amplifiers




e)
Flashers




f)
Flash Transfer Relays




g)
Harnesses




h)
Electronic components needed to make repairs




i)
Terminal blocks




j)
Communication modems



19.1.1
A price list or catalog for miscellaneous signal control parts, related to the equipment described above, shall be included in the proposal. Any discount offered shall be indicated. 


19.2
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METHOD OF MEASUREMENT



This Item is measured as a Lump Sum the value for this item is fixed as stated in the bid sheets and must be included by all bidders in calculating the total for  their proposal.


19.3
BASIS OF PAYMENT



Payment for equipment ordered under this item shall be made according to the price list, less any discount offered.


3.  ATMS CONTROLLERS AND 334 CABINETS
20
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ITEM 20. 170E CONTROLLER


20.1
DESCRIPTION.  Work under this item shall consist of furnishing controllers and delivering the assemblies to the Department for testing.


20.2
MATERIALS.  Each Processor Assembly shall consist of the following items conforming to the requirements specified herein:



Definitions:  The following definitions and abbreviations shall apply to these items:



•
ACIA - Asynchronous Communications Interface Adapter Device, Motorola MC6850 or equal



•
Cabinet - An outdoor enclosure for housing the controller unit and associated equipment



•
Channel - An information path from a discrete input to a discrete output



•
CMOS - Complementary Metal Oxide Semiconductor



•
Component - A component shall be defined as any electrical or electronic device



•
Controller Unit - That portion of the controller assembly devoted to the operational control of the logic decisions programmed into the assembly



•
CPU - Central Processing Unit



•
CR - ACIA Control Register



•
DTA - Down Time Accumulator



•
EG - Equipment Ground



•
EPROM - Ultraviolet Erasable Programmable Read Only Memory Device



•
ETL - Electrical Testing Laboratories, Inc.



•
HEX - Hexadecimal



•
Hz - Hertz



•
LED - Light Emitting Diode



•
ma - Milliampere



•
MODEM - Modulate/Demodulate Unit



•
Module - A functional unit that plugs into an assembly



•
Motherboard - A printed circuit connector interface board with no active or passive components



•
MOS - Metal Oxide Semiconductor



•
MPU - Motorola 6800 microprocessor device (or equal)



•
PLA/PAL - Programmable Array Logic Device



•
RDR - ACIA Receiver Data Register



•
ROM - Read Only Memory Device



•
RTC - Model 170 Controller Unit Real Time Clock.  This circuitry provides a 170 CPU IRQ Interrupt pulse clocked off of the local power company's line frequency every 16.67 ms



•
RTCA - Real Time Clock Adjustor Circuitry



•
RTS - Request To Send



•
R/W - Model 170 Controller Unit Read/Write Control Line



•
SCI - Serial Communications Interface



•
SR - ACIA Status Register



•
SRAM - Static Random Access Memory Device



•
SW - Switch



•
TDR - ACIA Transmit Data Register



•
TTL - Transistor-Transistor Logic



•
VMA - Valid Memory Address



•
Watchdog Timer (WDT) - A monitoring circuit, external to the Controller Unit, which senses a Controller Unit Output Line



General Interchangeability: The following assemblies and their respective associated devices shall electrically and mechanically intermate and be compatible with each other:

	PRIVATE 
Assemblies
	
	Associated Devices

	Input File
	
	Model 222 Detector Modules

Model 242 Isolation Modules

	Power Distribution Assembly #3
	
	Model 206 Power Supply Module

Model 200 Switch Pack

Model 208 Monitor Unit

Model 430 Heavy Duty Relay

	Model 170 Controller Unit
	
	Cabinet Housing

Model 412C Program Module

Model 400 Modem




20.2.1
All indicators and character displays shall have a minimum +/- 45 degrees cone of visibility with its axis perpendicular to the front panel.  All indicators and character displays shall be readily visible at a radius of up to 4 feet within the cone of visibility when the indicator is subjected to 9,000 footcandles of white light with the light source at 45 +/- 2 degrees to the front panel.  If characters are not self-luminous, illumination shall be provided for viewing in low levels of ambient light.  Indicators supplied on equipment requiring handles shall be mounted such that a horizontal clearance of 15 degrees minimum shall be provided.  All indicators and character displays shall have a rated life of 100,000 hours minimum.  Liquid crystal displays (LCD) shall operate at temperatures of -20o to +70oC without loss of visibility or bleeding.



20.2.2
The TYPE T Connector shall be a single row, 10 position, feed through terminal block.  The terminal block shall be a barrier type with 6-32, 0.25 inch, or longer, nickel plated brass binder head screws.  Each terminal shall be permanently identified as to its function.



20.2.3
The mating connectors shall be designated as the connector number and male/female relationship such as C1P (plug or PCB edge connector) and C1S (socket).



20.2.4
Connectors C1, C2, and C6 shall conform to the following requirements:




•
Pin and socket contacts for Connectors C1, C2, and C6 shall be beryllium copper construction subplated with 0.00005 inch nickel and plated with 0.00003 inch gold.  Pin diameter shall be 0.062 inch.  Connectors shall have the following number of contacts:





C1 - 104 contacts





C2 - 14 contacts





C6 - 24 contacts




•
All pin and socket connectors of C1, C2, and C6 shall use the AMP #601105-1 or #91002-1 contact insertion tool, and the AMP #305183 contact extraction tool.




•
Connector C1 and C2 blocks shall be constructed of phenolic or equal and shall have an insulation resistance of 5000 megohms.  The contacts shall be secured in the blocks with stainless steel springs.




•
Connector C1 and C2 corner guides shall be stainless steel.  The guide pins shall be 1.097 inches in length and the guide sockets 0.625 inch in length.




•
Connector C6 shall be circular plastic type with quick connect/disconnect capability and thread assist, positive detente coupling.  The connectors shall be US listed Glass Filled Nylon, 94 V-I Rated, heat stabilized, fire resistant.



20.2.5
PCB edge connectors shall have bifurcated gold plated contacts, and shall conform to the following requirements:




•
The PCB receptacle connector shall meet or exceed the following:





Operating Voltage:


600 VAC (RMS) at sea level





Current Rating:


5 amperes





Insulation Resistance:


5,000 megohms





Contact Material:


Copper alloy plated with 0.00005 inch of nickel and 0.000015 inch of gold





Contact Resistance:


0.006 ohm maximum




•
The PCB 22/44 Connector shall have 22 independent contacts per side, dual sided with 0.156 inch contact centers.




•
The PCB 28/56 Connector shall have 28 independent contacts per side, dual sided with 0.156 inch contact centers.




•
The PCB 36/72 Connector shall have 36 independent contacts per side, dual sided with 0.1 inch contact centers.



20.2.6
Metals shall conform to the following requirements:




•
Aluminum





-
Sheet shall be Type 5052-H32 ASTM Designation B209.





-
Rod, Bar, and Extruded shall be Type 6061-T6, or equal.




•
Stainless Steel Sheet shall be annealed or one-quarter-hard complying with the ASTM Designation:  A666 for Type 304, Grades A or B, stainless steel sheet.




•
Cold Rolled Steel





-
Sheet, Rod, Bar, and Extruded shall by Type 1018/1020.





-
Plating - All cold rolled steel shall be plated.  All plating shall be either cadmium plating meeting the requirements of Federal Specification QQ-P-416C, Type 2 Class 1 or zinc plating meeting the requirements of Federal Specification QQ-Z-325B, Type 2 Class 1.




•
All sharp edges and corners shall be rounded.




Memory, MPU, and ACIA devices shall be socket mounted on the PCB's. (MPU = Motorola 6800 microprocessor device, or equal; ACIA = Asynchronous Communications Interface Adaptor Device.)



20.2.7
Assemblies and PCB Design shall conform to the following:




•
All assemblies shall be easily replaceable and incorporate plug-in capability for their associated devices or PCBs with the following exceptions:





-
The cabinet power supply.





-
Motherboard assemblies.





-
The power supply for the Model 170 may be a plug-in assembly.




•
Assemblies shall be provided with 2 guides for each plug-in PCB or associated device (except relays).  The guides shall extend to within 0.75 inch from the face of either the socket or connector and front edge of the assembly.  If nylon guides are used, the guides shall be securely attached to the file or assembly chassis.




•
PCB - No components, traces, brackets, or obstructions shall be within 0.125 inch of the board edge (guide edges).




•
The manufacturer's name or logo, model number, serial number, and circuit issue or revision number shall appear and be readily visible on all items.  Placement of this information for modules such as the Model 400 MODEM, Model 208 Monitor Units, Model 412C Program Module shall be on the PCB.



20.2.8
Model Numbers shall conform to the following:




•
The manufacturer's model number, serial number and circuit issue or revision number shall appear on the rear panel of all equipment and modules supplied.




•
In addition to any assignment of model numbers by the manufacturer, a model number assigned in the table below shall be displayed on the front panel in bold type, at least 0.25 inch high.

	PRIVATE 
MODEL #
	
	TITLE

	170

412C

206

200

208

222

242

400
	
	CONTROLLER UNIT - DUAL ACIA

PROGRAM MODULE

POWER SUPPLY MODULE

SWITCH PACK

MONITOR UNIT

DETECTOR MODULE

ISOLATION MODULE

MODEM




20.2.9
All PCB connectors mounted on a motherboard shall be mechanically secured to the chassis or frame of the unit.



20.2.10
All screw type fasteners shall utilize locking devices or locking compounds except for finger screws which shall be captive.



20.2.11
Tolerances - The following tolerances shall apply, except as specifically shown on the plans or in these specifications:




Sheet Metal
+/- 0.0525 inch




PCB

+0, -0.010 inch




Edge Guides
+/- 0.015 inch


20.3
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ELECTRICAL ENVIRONMENTAL, AND TESTING REQUIREMENTS



These test procedures shall be followed by the who shall certify that he has conducted inspection and testing in accordance with these specifications.



20.3.1
Inspection - A visual and physical inspection shall include mechanical, dimensional, and assembly conformance of all parts of these specifications which can be checked visually or manually with simple measuring devices.



20.3.2
Environmental - All components shall properly operate within the following limits:




•
Ambient Temperature:  -37o to 74o C




•
Humidity:  5 to 95 percent




•
The relative humidity and ambient temperature values in the following table shall not be exceeded.

	PRIVATE 
AMBIENT TEMPERATURE VERSUS RELATIVE

HUMIDITY AT BAROMETRIC PRESSURES (29.92 In. Hg.) 

	Ambient Temperature/

Dry Bulb (in o C)
	
	Relative Humidity

(in percent)
	
	Ambient Temperature/

Wet Bulb (in o C)

	-37 to 1.1

1.1 to 46.0

48.8

54.4

60.0

65.4

71.2

74
	
	10

95

70

50

38

28

21

18
	
	-17.2 to 42.7

42.7

42.7

42.7

42.7

42.7

42.7

42.7





•
Shock Test - per Military Specification:  MIL-STD-810D Method 516.1.




•
Vibration - per Military Specification:  MIL-STD-810D Method 514.1, equipment class G (Common Carrier)




•
Cabinets shall comply with the requirements of UL Bulletin of Research No. 23, “Rain Tests of Electrical Equipment”.




All equipment shall continue normal operation when subjected to the following:




•
Low Temperature Test - With the item functioning at a line voltage of 90 VAC in its intended operation, the ambient temperature shall be lowered from 20o C to ‑37oC at a rate of not more than 18o C per hour.  The item shall be cycled at -37oC for a minimum of 5 hours and then returned to 20o C at the same rate.  The test shall be repeated with the line voltage at 135 VAC.




•
High Temperature Test - With the item functioning at a line voltage of 90 VAC in its intended operation, the ambient temperature shall be raised from 20o C to 70o C at a rate of not more than 18o C per hour.  The item shall be cycled at 70o C for 5 hours and then returned to 20o C at the same rate.  The test shall be repeated with the line voltage at 135 VAC.




Electrical - All components shall operate properly within the following limits:




•
Applied Line Voltage:  90 to 135 VAC




•
Frequency:  60 (+/- 3.0) Hertz




•
All circuits unless otherwise noted, shall commence operation at or below 90 VAC as the applied voltage is raised from 50 VAC to 90 VAC at a rate of 2 (+/- 0.5) volts per second.



20.3.3
All equipment and resident programming, when housed within its associated cabinet, shall be unaffected by transient voltages normally experienced on commercial power lines.  Equipment purchased separately from cabinet will be tested for compliance with the equipment housed within an accepted cabinet and the cabinet connected to the commercial power lines.  The power line surge protection (including the cabinet's and that internal to the equipment) shall enable the equipment being tested to withstand (nondestructive) and operate normally following the discharge of a 25 microfarad capacitor, charged to plus and minus 2,000 volts, applied directly across the AC line (applied at Cabinet Service Terminal Block) at a rate of once every 10 seconds for a maximum of 50 occurrences per test.  The unit under test will be operated at 20o (+/- 5o) C and at 120 (+/- 12) VAC.



20.3.4
All equipment shall be unaffected by transient voltages normally experienced on commercial power lines.  Equipment purchased separately from the cabinet will be tested for compliance as follows:




•
Power from commercial power lines applied at Cabinet Service Terminal Block.




•
Equipment properly housed and connected within an accepted cabinet.




•
The Cabinet Power Surge Protectors deactivated or removed.




•
The equipment shall withstand (nondestructive) and operate normally when one discharge pulse of plus or minus 300 volts is synchronously added to the AC power into the power distribution assembly and moved uniformly over the full wave across 360 degrees or stay at any point of Line Cycle once every second.  Peak noise power shall be 5 kilowatts with a pulse rise time of 500 ns.  The unit under test will be operated at 20o (+/-5o) C and at 120 (+/-12) VAC.




•
Within the circuit of any device, module, or PCB, electrical isolation shall be provided between DC logic ground, equipment ground and the AC grounded conductor.  The DC logic ground and equipment ground shall be electrically isolated from the AC grounded conductor and from each other by 500 megohms, minimum, when tested at the input terminals with 500 VDC.



20.3.5
All equipment shall be capable of normal operation following opening and closing of contacts in series with the applied voltage to the cabinet at a rate of 30 openings and closings per minute for a period of 2 minutes in duration.



20.3.6
All equipment shall resume normal operation following a period of at least 5 hours at -37o C and less than 10% humidity, when 90 VAC is applied to the input terminals of the cabinet.



20.3.7
Contractor's Testing Certification: The contractor shall supply with each shipment a full test report of the quality control and final test conducted on each item.  The test report shall indicate the name of the tester and shall be signed by a responsible manager.  The contractor shall submit his quality control procedure and format of test reports to the engineer for approval within 15 days following the approval of the contract.  The quality control procedure shall include the following:




•
Acceptance testing of all supplied components.




•
Physical and functional testing of all modules




•
A minimum 100-hour burn-in of all modules.




•
Physical and functional testing of all items.




•
A minimum 24 hour operation of all controller units and cabinets.


20.4
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MODEL 170E CONTROLLER UNIT



Each 170E controller unit will consist of the following:




•
Central Processing Unit (CPU)




•
Downtime Accumulator




•
Input/Output Interface




•
Unit Chassis




•
Unit Power Supply with external power connection




•
Unit Standby Power Supply




•
Front Panel Assembly




•
Internal System Interface




•
Connectors C1S, C2S, and T-1




•
Communications System Interface




•
Model 412C Program Module



20.4.1
The composition weight shall not exceed 25 pounds.



20.4.2
Power Failure - A power failure is said to have occurred when the incoming line voltage falls below 92 (+/-2) VAC for 50 ms.  The determination of the 50 ms interval shall be completed within 67 ms of the time the voltage falls below 92 (+/-2) VAC.



20.4.3
Power Restoration - Power is said to be restored when the incoming line voltage equals or exceeds 97 (+/-2) VAC for 50 ms.  The determination of the 50 ms interval shall be completed within 67 ms of the time the voltage first reaches 97 (+/-2) VAC.



20.4.4
The hysteresis between power failure and power restoration voltage settings shall be a minimum of 5 volts with a threshold drift of no more than 0.2 VAC.



20.4.5
General system address organization of the model 170 shall be as listed below.  The internal module address organization shall be as specified in the appropriate module section.

	PRIVATE 
Function
	
	Address Range
	
	Comments

	CPU SRAM

RESERVED

U4 MEMORY

DTA MINUTES

INPUT/OUTPUT

RESERVED

DTA SECONDS

RESERVED

ACIA1

ACIA1

ACIA2

ACIA2

RESERVED

PROGRAM MODULE -

MEMORY WRITE PROTECT

I.D. FEATURE

I.D. LOCATION

MPU/MIC INTERFACE

RESERVED

RTCA VALID/RESET

RTCA COUNTERS 1 TO 4

U3 MEMORY

U1 & U2 MEMORY


	
	0000 - 07FF

0800 - 0FFF

1000 - 4FFF

5000  READ

5001 - 500A

500B - 500E

500F  READ

5010 - 5FFE

6000

6001

6002

6003

6004 - 6FFF

7000

7000

7001

7001

7002

7003-7009

700A

700B - 700E

700B - 700E

7010 - 7FFF

8000 - FFF
	
	5000 WRITE RESET DTA 50001 BIT 1 INPUT ASSIGNED TO RESTART TIMER.  5009 & 500A READ RESERVED.

WRITE CR, READ SR

WRITE CR, READ SR

WRITE TDR, READ RDR

WRITE CR, READ SR

WRITE TDR, READ RDR

WRITE

READ

READ

WRITE RESERVED

READ

WRITE RESERVED

FUNCTION 700F RESERVED




20.4.6
Address locations noted as “RESERVED” are assignable by the State only and shall not be used.



20.4.7
The total memory access time including buffering, decoding, device access time and accessed data presented to the controller unit data bus shall not exceed 300 ns.  The memory device shall have read and write (if applicable) time suitable to perform either function in one MPU instruction cycle.



20.4.8
Each memory device shall stabilize to normal operation within 10 ms following Power Restoration and shall be in Standby until addressed.  Each device shall have the following maximum power drain at +5 VDC in its various states:

	PRIVATE 
Memory
	
	Active
	
	Standby
	
	Powerdown

	EPROM

SRAM
	
	100ma

70ma
	
	40ma

20ma
	
	--

100 ua (non-internal power)




20.4.9
All memory sockets shall be a 28 pin AUGUT #528/828 Series - AG10DPC or equal except CPU SRAM which shall be a 24 Pin.  Each socket number shall be permanently marked on the PCB adjacent to its Pin 1.



20.4.10
If a PAL, EPROM, or ROM device is used in address decoding and timing algorithms, the device code listing together with data sheet(s) and any specific coding requirements shall be included in the unit or module documentation.  The device coding shall be delivered in the same form that the contractor uses to directly reproduce the device.



20.4.11
Central Processing Unit (CPU):  The CPU shall be provided with an MPU and shall properly execute object programs developed to operate on the MPU.  The MPU interrupt requirements shall be as follows:





•
Non-Maskable Interrupt (NMI) - The NMI is exclusively assigned to the Power Failure Function.  A power failure shall cause the MPU NMI line to immediately go LOW.  The line shall be held LOW until the RES goes LOW to prevent multiple NMI issuance.





•
Reset Interrupt (RES) - The RES is exclusively assigned to Power Restoration and MPU Startup.  The RES line shall go LOW 3 (+/-1) ms following the NMI going LOW.  The line shall remain LOW until 150 (+/-75) ms after Power Restoration.





•
Interrupt Request (IRQ) - The IRQ Line shall be jointly used by the RTC and ACIA 1 & 2 to initiate IRQ to the MPU.





•
Real Time Clock (RTC) - Real Time Clock circuitry shall be provided to trigger an interrupt to the MPU on the IRQ line once every 1/60 of a second during the 0' to 150' portion of the negative portion of the AC Sine Wave.  The AC Sine Wave shall be derived from the local power company's 120 VAC 60 Hz frequency.  The RTC shall be reset by a WRITE to Address 5FFF.





•
ACIA - An ACIA shall be provided capable of receiving and transmitting up to eight-bits of parallel data from the MPU for serial data communications.  The ACIA shall have 4 registers which are addressable by the MPU.  The MPU shall be capable of reading the Status Register (SR) and the Receiver Data Register (RDR), and writing in the Transmit Data Register (TDR) and in the Control Register (CR).




20.4.11.1
CPU Clock Timing - The CPU clock circuitry shall be provided to generate the MPU clock timing.  The clock circuitry and the MPU shall provide a MPU machine cycle time of 0.651 (+/-0.0015) us using a 6.144 MHz crystal, and 1.331 (+/-0.0015) us using a 3.072 MHz crystal.  All units shall be delivered with a socket mounted 6.144 MHz crystal installed.  The CPU clock circuitry shall be located no further than 2 inches from the MPU clock pin inputs.



20.4.12
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Downtime Accumulator (DTA): - A DTA shall be provided to accumulate time between Power Failure and Restoration.  The DTA shall start counting immediately upon Power Failure and continue counting until the RES line goes HIGH following Power Restoration.




20.4.12.1
The DTA shall have 2 eight-bit binary registers counting the number of minutes and seconds.  DTA accuracy shall be +/-1 second over the 255 minute range.  The DTA shall stop counting when the Minutes register equals 255 decimal.  Both DTA registers shall reset to 0 by a WRITE to Address 5000.  The DTA shall READ Minutes at Address 5000 and Seconds at Address 500F.  The Seconds Register shall count 0 to 59 seconds decimal in 1 second increments.  At 60 seconds, the Minutes Register shall be incremented and the Seconds Register reset to “0”.




20.4.12.2
SRAM Memory of 2,048 eight-bit words shall be provided.




20.4.12.3
Restart Timer - A Restart Timer Circuitry shall be provided to react to the duration of power outage.  The Restart Timer output state is normally HIGH.  When the NMI line goes LOW, the Restart Timer shall begin timing.  If the timer reaches 1.75 (+/-0.25) seconds, its output state shall go to LOW and remain in that state for 50 (+/-24) ms after the RES line goes HIGH.  If power is restored prior to the timer timing out, the output shall remain HIGH and the timer shall be reset to “0”.




20.4.12.4
Total current drain for DTA and Restart Timer Circuitry and SRAM (powerdown mode) shall not exceed 2 ma at 4 VDC, 35oC.



20.4.13
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Input/Output Interface: - Input/Output Interface shall utilize a ground true logic.  The transfer of data between interface and working registers within the MPU shall be in eight-bit word increments, minimum.  The steering of data from inputs or outputs for a given address shall be controlled by the state of MPU read/write command at the time the given address is valid.




20.4.13.1
Output Interface - The output interface shall consist of a minimum of 80 bits of buffered storage.  Output data shall be latched at the time of writing from the MPU.  This interface shall provide an NPN open collector output capable of driving up to 40 VDC and sinking up to 100 ma.  A “1” from the MPU shall be presented as a grounded collector, and a “0” presented as an open circuit.  Once a port is written into the data shall remain present and stable until either another word is written into it or until the power is turned off.  The state of these output ports at the time of power up or below power failure threshold shall be an open circuit.




20.4.13.2
Input Interface - The input interface shall consist of a minimum of 64 bits of gated inputs from external devices.  Each logic level input shall be turned ON (true) when the input voltage is less than 3.5 VDC, shall be turned OFF (false) when the input current is less than 100 ua or the input voltage exceeds 8.5 VDC, shall pull up to 12 VDC, and shall not deliver in excess of 20 ma to a short circuit to logic level common.  Then the appropriate input address is impressed upon the input interface, the interface shall place its data on the data bus, which will be read by the MPU.  Ground on any input shall be interpreted by the MPU as a “1” and an open on any input or the presence of a voltage greater than 8.5 VDC shall be interpreted as a “0” by the MPU when that input is read.



20.4.14
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Unit Chassis: The controller unit shall be housed in a compact, portable metal enclosure suitably protected against corrosion.  The controller unit shall mount in a standard EIA 19 inch rack.  The enclosure shall be designed for convenient removal of PCBs without use of tools.  When the controller unit is equipped with a fan, thermal overload protection for the fan shall be provided.



20.4.15
Unit Power Supply:  A power supply shall be provided to produce all DC power necessary to operate the controller unit.  In addition, the supply shall provide the following voltages and current:





1000 ma at +12 VDC





300 ma at -12 VDC





500 ma at +5 VDC





400 ma at -5 VDC




20.4.15.1
The DC ground shall not be connected to equipment ground.




20.4.15.2
Controller Unit power shall be held up (DC logic voltages at normal operating levels) for a minimum of 50 +/-17 ms beyond the NMI line going LOW.




20.4.15.3
The maximum DC voltage generated shall not exceed 45 volts.




20.4.15.4
The Power Supply shall be so designed that no further filtering regulation is needed for the required DC voltages.




20.4.15.5
If a switching power supply is used, radio frequency suppressers shall be provided on the AC+ and AC- power lines.



20.4.16
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Unit Standby Power Supply: A standby power supply shall be provided to retain power to the CPU Restart Timer, DTA and SRAM during power failure in the controller unit.  The supply shall consist of holdup batteries, battery recharge circuitry and power sense/transfer circuitry.




20.4.16.1
The power sense/transfer circuitry shall sense power loss and transfer battery power immediately to the required circuits.  The transfer circuitry shall isolate the batteries by transistor or relay until power loss transfer.  The circuitry shall sense power restoration and transfer back to the normal battery isolation mode.




20.4.16.2
The standby batteries shall be a Standard “D” cell size, sealed, fast rechargeable, lead-acid, gel-cell type rated at 2.5 ampere-hours, 2 VDC.  They shall be securely installed inside the controller unit chassis and easily accessible.  The cells shall be tab type with the batteries delivered with the “+” terminal connector disconnected.




20.4.16.3
A battery charging circuit shall be provided which shall, under normal operating conditions, fully recharge and float the standby battery consistent with battery manufacturer's recommendations.  An indicator, located on the front panel, shall be illuminated when the battery charging current exceeds 75% of the maximum charging rate specified by the battery manufacturer.



20.4.17
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Front Panel Assembly: The front panel shall be securely fastened to the chassis and removable without the need for tools.  A continuous hinge shall be provided on the left side of the unit to permit opening of the front panel and ready access to the interior of the controller unit.




20.4.17.1
The front panel shall be electrically connected by means of Connector C3.  The front panel shall be connected to equipment ground through Connector C3.




20.4.17.2
The character displays shall be hexadecimal with circuits to accept, store, and display four-bit binary data.  The characters shall be 0.40 inch high, minimum.  Each character shall have latch strobe and blanking inputs.  The second character from the right (lower row) shall have a right decimal point.  The face of the character display shall be scratch and solvent-resistant.  The transfer of data from the MPU through the output interface to the display shall result in the display of each character in its non-inverted state.




20.4.17.3
The front panel shall be provided with 10 LED CALL/ACTIVE indicators.




20.4.17.4
A keyboard shall be provided.  The transfer of data from the keyboard by way of the input interface to the MPU shall result in each character being received in its non-inverted state.  The character shall consist of 4 bits of binary data, while the character control shall consist of 1 bit.  A low state on the character control to the interface shall indicate the presence of a valid character.  Each key shall be engraved or embossed with its function character, shall have a minimum surface area of 0.075 square inch and shall be mounted on a minimum of 0.50 inch centers; shall have an actuation force between 50 and 100 grams and shall provide a positive tactical indication of contact.  Key contacts shall have a design life of over one million operations, shall be rated for the current and voltage levels used, and shall stabilize within 5 ms following contact opening.




20.4.17.5
The front panel shall be provided with a toggle LOGIC switch to enable the stop timing function and shall be labeled “STOP TIMING”.




20.4.17.6
An ON-OFF toggle CONTROL switch and fuse shall be provided for AC power.  The switch and fuse shall protrude through the front panel, but not be attached (remain with the controller unit chassis when the front panel is removed).  The fuse shall be a 3AG Slow Blow type, rated at either 1 or 2 amperes, dependent upon the controller unit power requirements.




20.4.17.7
The front panel, under the legend “OPERATING INSTRUCTIONS”, shall include a framework to retain a card, 4 inches wide by 6 inches high by 0.0625 inch thick.



20.4.18

seq level3 \h \r0 
Internal System Interface: Lateral spacing shall be a minimum of 1.0 inch from the PCB surface to any component or surface for the Model 400 Module and 0.75 inch for the Program Module.  Continuous nylon card guides (permanent locking type) shall be provided for the modules and all internal PCBs.




20.4.18.1
A PCB 22/44S Connector shall be provided for the Model 400 Module and a PCB 36/72S Connector shall be provided for the Program Module.




20.4.18.2
The depth placement of the vertical M/170 Connector shall be such that the Program Module Front Panel shall be flush with the Model 170 Controller Unit Front Panel when the module is connected.



20.4.19
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Data and Address Bus Requirements : All Data Bus Buffers and Data Bus Drivers shall be tri-state buffered devices enabling them to drive a load consisting of 10 TTL gates and 200 picofarads.  The propagation delay time shall be less than 30 ns.  All Address Bus Inputs shall be buffered and shall load the bus by 1 TTL gate load and 100 picofarads.



20.4.20
Connector Requirements: Connector C1S shall be mounted on the controller unit providing 44 inputs and 56 outputs of control interface to and from external devices or files.




20.4.20.1
The Model 400 MODEM and CPU ACIA connections into and out of the controller unit shall be made through Connector C2S and Terminal Block T-1 (TYPE T Connector).  The control and data transmission lines shall be paralleled through both connectors.



20.4.21
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Communication System Interface : The communication system shall consist of the CPU, ACIA, motherboard connectors and lines, Model 400 MODEM Module and interfaces between ACIA & MODEM and both MODEM and ACIA to C2S Connector/T-1 Terminal.  The interface between the ACIA and MODEM shall comply with EIA RS-232-C Standards and all functions under T-1 and C2 Connectors are referenced to the MODEM.  The RTS and TX Data lines to the MODEM shall have MARK and SPACE Voltages of -12 and +12 VDC respectively.




20.4.21.1
A second C20S Connector shall be furnished on the back plate adjacent to C2S Connector and shall be interconnected to the ACIA2.  Both connectors shall be pin assigned as follows:

	PRIVATE 
Contact
	
	Function
	
	Contact
	
	Function

	H

J

K

L

M
	
	CARRY DETECT

REQUEST TO SEND

DATA IN (FROM ACIA)

CLEAR TO SEND
	
	N

P




R
	
	DC GROUND

+12 VDC

-12 VDC

	C2S also has:

	A

B

C
	
	AUDIO IN

AUDIO IN

AUDIO OUT
	
	
	
	+5 VDC

AUDIO OUT

-5 VDC





20.4.21.2
Should the Model 170 Unit provide a slot for a second Model 400 MODEM and AUDIO pin assignments for C20 would match C2.




20.4.21.3
It shall be possible to configure each ACIA independently using removable jumpers for bit rates of 1.2, 2.4, and 9.6 kbps.  Both ACIA's shall be configured on delivery for 1.2 kbps.




20.4.21.4
Electrical Requirements: Electrical requirements shall conform to the following:






•
The front panel and chassis shall be connected to equipment ground.






•
A surge arrestor shall be provided between the AC+ and AC- for protection against powerline noise transients.  The surge arrestor shall meet the following requirements:







- Recurrent peak voltage:

212 Volts







- Energy rating maximum:

20 Joules







- Power dissipation, average:

0.85 Watt







- Peak current for pulses less







  than 6 us:



2000 Amperes







- Standby current:


less than 1 ma






•
Two 0.5 ohm, 10 watt wire-wound power resistors with a 0.2uH inductance shall be provided (1 on the AC+ power line and 1 on the AC- line).  Three surge arresters rated for 20 Joules shall be supplied between AC+ and AC- coming off the 0.5 Ohm resistor going to the surge arresters.






•
The AC power to the controller unit shall be supplied by a 3 conductor cable at least 3 feet in length.  The cable shall terminate in a NEMA Type 5-15P grounding type plug.






•
Test points shall be provided for monitoring all power supply voltages.  All test points shall be readily accessible when the front panel is opened.  Any provided test point shall be isolated such that attaching a test probe shall not impact the operation of the controller unit.  The test points shall be post type, 0.0625 inch diameter and 0.1875 inch high, minimum.  The clearance between test points and other components shall be 0.25 inch, minimum.



20.4.22
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Model 412C Program Module: The unit shall be provided with a 412C program module. The module shall conform to the following requirements:




20.4.22.1
A device shall be provided to prevent the module, when inserted upside down, from making contact with the module's mating connector within the controller unit.




20.4.22.2
The module PCB Connector shall be provided with electrostatic discharge protection to prevent CMOS device damage.




20.4.22.3
The VMA/Phase 2 (E) Clock Signal (M/170 Pin 25) shall not be used in a memory device READ operation.




20.4.22.4
The total module current requirements shall not exceed 450 ma at +12 VDC and 100 ma at +5 VDC.




20.4.22.5
Address 700E, Bit 8 shall permanently Read as “1”.




20.4.22.6
The module PCB connector shall be a PCB 36/72P.




20.4.22.7
The module front panel shall be connected to Equipment Ground at M/170 Pin 34.




20.4.22.8
All addressable devices shall be fully decoded.




20.4.22.9
All data lines shall be tri-state buffered on the module enabling them to drive a load consisting of 10 TTL gates and 200 picofarads.  When this module is not being addressed, the data output lines shall be disabled into a high impedance state and the data lines shall not source or sink more than 100 ua.




20.4.22.10
All addressed input lines shall load the bus by 1 TTL gate load and 100 picofarads.  The propagation delay time shall be less than 30 ns.




20.4.22.11
The 412C shall be configured with 4 standard 28 pin JEDEC pinout sockets that incorporate dual wiping contacts and meet the requirements of the EIA RS415 specifications.  The four sockets shall be labeled U1, U2, U3, and U4 and shall meet the requirements of the table below:

	PRIVATE 
Sockets
	Device
	Size
	Address Range

	U1

U2

U3

U4
	EPROM

RAM

Not populated

RAM
	32 Kbytes

8 Kbytes

4 Kbytes

8 Kbytes
	$8000 - $FFFF

$3000 - $4FFF

$7010 - $7FFF

$1000 - $2FFF





20.4.22.12
The EPROM shall be an Intel 27256 or equivalent and shall be provided in place on the memory module.  The RAM shall be an Hitachi 6264 or equivalent, and shall be provided in place on the memory module.




20.4.22.13
Jumper positions for Sockets U2 and U4 shall be provided to convert the sockets from an EPROM socket to a SRAM socket or vice versa.  Jumper positions for Sockets U2, U3, and U4 shall be provided to convert the socket from a nonstandby power socket to a standby power socket or vice versa.  Sockets U2 and U3 shall be jumpered for nonstandby power.  Socket U4 shall be jumpered for standby power.




20.4.22.14
A Write Protect Circuit (WPC) shall be provided to prevent writing to SRAM memory during the Controller Unit MPU RESET Interrupt Line in a LOW State.  A WRITE to ADDRESS $7000 shall be decoded and shall deactivate the WPC to allow the R/W function.  The WPC state shall be brought out to Address $700E, Bit 7 (“1” State means “active”).  The WPC power drain shall not exceed 40 ua at +5 VDC.




20.4.22.15
A power supply shall be provided onboard the module consisting of a DC Regulation Circuit, Standby Power and all necessary support circuitry.




20.4.22.16
A DC Regulator device with its circuitry shall be provided to reduce the +12 VDC to +5 VDC for module use.  The Regulator shall have a minimum efficiency of 75% and provide +5 +/-0.25 VDC from no load to full load with a maximum of 2% ripple.




20.4.22.17
Standby power shall be provided to hold up WPC, SRAM, and RTCA circuits during a Model 170 Controller Unit Power Failure.  A circuit shall be provided to sense the +12 VDC M/170 power line and switch to standby power when the line falls below +9 VDC.  The standby power circuit shall switch off when the power line is greater than +11 VDC.  The standby power shall be a standard “AA” cap terminal cell battery rated at a minimum of 1.6 ampere-hours at 3.7 +/-0.2 VDC.  All module circuitry and devices shall not exceed a maximum power drain of 2 ma at 3.7 VDC on the Standby Battery.




20.4.22.18
The battery shall be delivered separate from the module.  It shall not be used except for test loading check by the contractor.




20.4.22.19
A battery holder for an “AA” battery shall be provided securely mounted to the back of the front panel.  The holder shall have a tab header type connector attached to the battery plus mounting terminal.




20.4.22.20
Two identification switch packages and associated circuitry shall be provided.  The switch packages shall be decoded at Address $7000 (features) and $7001 (locations).  Each package shall have 8 SPST switch positions with each switch associated to a DATA Bit (Switch 1 to Bit 1 and so on).  Switch ON shall denote bit state “1” to the 170 CPU and switch OFF shall denote bit state “0” to the 170 CPU.




20.4.22.21
The Switch Package shall be a DIP slide type and shall have recessed switches to prevent accidental switching.




20.4.22.22
An RTCA shall be provided to adjust for missing RTC timing interrupts.




20.4.22.23
The RTCA shall be continuously powered and not affected by a controller unit power failure.  RTCA accuracy shall be +/-10 ppm at 25oC.  Integral devices incorporating RTCA features and functions may be used in lieu of individual components.  The RTCA current drain shall not exceed 1.5 ma at +3.7 VDC.




20.4.22.24
The RTC shall include a free running 60 Hz Pulse Generator (PG), a 24 bit binary counter counting 60 Hz pulses, 4 eight-bit buffer ports and port decode/PG interrupt logic.  The PG shall trigger binary counter to increment on every input pulse, counting continuously until reset to 0 by its Reset Line.  Bits 21, 22,23, and 24 in an all “1” state shall cause that PG to be disabled (Binary Counter Bit 1 is the least significant bit).




20.4.22.25
The counter bits shall be continuously read out to 4 eight-bit buffer ports.  The ports shall be addressed and bits assigned as follows:

	PRIVATE 
CPU ADDRESS
	PORT BITS
	COUNTER BITS
	COMMENTS

	700A
This address shall normally READ (decode) “55 HEX”.  If the standby power supply fails or is removed, it shall decode “54 HEX”.  A WRITE to this address will RESET the RTCA Binary Counter.

	700B
	1-6
	1-6
	READ ONLY

	700C
	1-6
	7-12
	READ ONLY

	700D
	1-6
	13-18
	READ ONLY

	700E
	1-6
	19-24
	READ ONLY





20.4.22.26
An SPST finger throw LOGIC switch shall be provided on the board to activate/deactivate standby power to the RTCA Circuitry.  With the switch in deactivated state the RTCA Circuitry shall present NO power drain to the standby power supply.


20.5
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METHOD OF MEASUREMENT. Model 170 Controller Units shall be measured for payment by the number of units each delivered as directed by the Department.


20.6
BASIS OF PAYMENT. Model 170 Controller Unit will be paid at the contract unit price each, which price shall be payment in full, for furnishing a complete Model 170 Controller Unit and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

21
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ITEM 21. CABINET 334


21.1
DESCRIPTION.  This section describes all elements and requirements for providing Model 334 controller cabinets.  These cabinets will be used for housing a Model 170, Model 170E, and 2070 controllers and all wiring connections necessary to allow the operation of other field devices which may be located in the cabinet.



21.1.1
Processor Cabinet & Assembly: The cabinet shall be furnished, ready for operation with the following composition:




Housing




Mounting Cage




Power Distribution Assembly #3




Service Panel




C2 Harness




C1 Harness #6




Input/Communications Panel




Input File I




C6 Harness



21.1.2
All assemblies and files shall be mounted on the cage mounting rails per cabinet model detail.  Cabinet model interface wiring shall be as specified C1 Harness, detailed wiring lists, and required one line wiring.



21.1.3
Cabinet Shipping Requirements - The cabinet shall be delivered mounted on a plyboard shipping pallet.  The pallet shall be bolted to the cabinet base.  The cabinet shall be enclosed in a slipcover cardboard packing shell.  The housing doors shall be blocked to prevent movement during transportation.



21.1.4
All bolts, nuts, washers, screws (size 8 or larger), hinges and hinge pins that are subject to corrosion shall be stainless steel unless otherwise specified.  In areas where corrosion resistance is not a factor, plated steel hardware is acceptable.



21.1.5
A cage mounting clear area for the controller unit shall be provided.  The area shall extend 1.5 inches in front of and 16 inches behind the front EIA mounting angles.



21.1.6
All conductors, terminals, and parts which could be hazardous to maintenance personnel shall be protected with suitable insulating material.



21.1.7
Cabinet Assemblies: The following equipment shall be completely removable from the cabinet without removing any other equipment and using only a slotted or Phillips screw driver:




Power Supply Assembly




Power Distribution Assembly #3




Input File




Service Panel




Input/Communications Panel




Monitor Unit



21.1.8
All fuses, circuit breakers, switches (except Fan Fuse) and indicators shall be readily visible and accessible when the cabinet front door is open.



21.1.9
All equipment in the cabinet, when required, shall be clearly and permanently labeled.  The marker strips shall be made of material that can be easily and legibly written on using a pencil or ballpoint pen.  Marker strips shall be located immediately below the item they are to identify and must be clearly visible with the items installed.



21.1.10
Resistor-capacitor transient suppression shall be provided at all AC relay sockets (across relay coil), except for the Flash Transfer Relays (FTR) in the output files where one suppression device may be common for all.



21.1.11
A leakage resistor, which permits a small amount of current to pass through the heavy duty relay coil, shall be installed across the terminals of relay sockets to overcome the residual magnetism.



21.1.12
Assembly or file depth dimension shall include terminal blocks.



21.1.13
All assemblies and files shall allow air circulation through its top and bottom unless specifically called out otherwise.



21.1.14
Socket types for the following equipment shall be:





•
Switch Pack


BEAU S-5412-XX (or equal)





•
Heavy Duty Relay

BEAU S-5408-XX (or equal)





•
Power Supply Mod

BEAU S-5406-XX (or equal)





•
208 Monitor Unit

PCB 22/44S



21.1.15
Connector sockets for flasher unit, power supply, and switch pack modules shall be mounted with their front face 7.5 inches deep from assembly or file front panel.



21.1.16
Guides (top and bottom) shall be provided for Switch Pack Modules, Flasher Units, Monitor Unit, Watchdog Timer Module, Detector & Isolator Modules, and Power Supply Module (bottom only).  The guides shall begin 1.0 +/-0.5 inches in from front panel surface and extend to within 0.5 inches from the connector socket face.



21.1.17
Assemblies and Files shall be fabricated of 0.060 inch minimum thickness aluminum or stainless steel sheet.  The metal surface shall be treated with clear chromate.


21.2

seq level2 \h \r0 
Housing Construction: All cabinets shall be 334 cabinets and cage assemblies. The housing shall be rainproof with the top of the enclosure crowned to prevent standing water.  It shall have single front and rear doors, each equipped with a lock.



21.2.1
The enclosure, doors, lifting eyes, gasket channels, and all supports welded to the enclosure and doors shall be fabricated of 0.125 inch minimum thickness aluminum sheet.  Bolted on supports shall be either the same material and thickness as the enclosure or 0.105 inch minimum steel.  The side panels and filter shell shall be fabricated of 0.080 inch minimum thickness aluminum sheet.



21.2.2
All exterior seams for enclosure and doors shall be continuously welded and shall be smooth.  All edges shall be filed to a radius of 0.03125 inch minimum.  Exterior cabinet welds shall be done by gas Tungsten arc TIG process only.  ER5356 aluminum alloy bare welding electrodes conforming to AWS A5.10 requirements shall be used for welding on aluminum.  Procedures, welders and welding operators shall conform to the requirements and practices in AWS B3.0 and C5.6 for aluminum.  Internal cabinet welds shall be done by either gas metal arc MIG or gas tungsten arc TIG Process.



21.2.3
Aluminum surfaces shall conform to the following:




A.
An anodic coating shall be applied to the aluminum surface after the surface has been cleaned and etched.  The cleaning and etching procedure shall be to immerse in inhibited alkaline cleaner at 71oC for 5 minutes.  (Oakite 61A, Diversey 909 or equivalent in mix of 6 to 8 ounces per gallon to distilled water).  Rinse in cold water.  Etch in a sodium solution at 66oC for 5 minutes (0.5 ounce sodium fluoride plus 5 ounces of sodium hydroxide mix per gallon to distilled water).  Rinse in cold water.  Desmut in a 50% by volume nitric acid solution at 20oC for 2 minutes.  Rinse in cold water.




B.
The anodic coating shall conform to MIL-A-8625C (Anodic Coatings for Aluminum and Aluminum Alloys) for Type II, Class I Coating except the outer housing surface coating shall have a 0.0007 inch minimum thickness and a 27 milligrams per square inch minimum coating weight.  The anodic coating shall be sealed in a 5% aqueous solution of nickel acetate (PH 5.0 to 6.5) for 15 minutes at 99oC.



21.2.4
The enclosure door frames shall be double flanged out on all 4 sides and shall have strikers to hold tension on and form a firm seal between the door gasketing and the frame.  The dimension between the door edge and the enclosure external surface when the door is closed and locked shall be 0.156 (+/-0.08) inch.



21.2.5
Gasketing shall be provided on all door openings and shall be dust-tight.  Gaskets shall be 0.25 inch minimum thickness closed cell neoprene or silicone (BOYD R‑10480 or equal) and shall be permanently bonded to the metal.  If neoprene is used the mating surface of the gasketing shall be covered with a silicone lubricant to prevent sticking to the mating metal surface.  A Gasket Top Channel shall be provided to support the top gasket on the door (prevent gasket gravitational fatigue).



21.2.6
Cage bottom support mounting angles shall be provided on either side, level with the bottom edge of the door opening, for horizontal support and bolt attachment.  In addition, side cage supports shall be provided for the upper cage bolt attachments.  Spacer brackets between the side cage supports and the cage shall be a minimum thickness of either 0.188 inch aluminum or 0.059 inch stainless steel.



21.2.7
The housing shall be provided with 2 lifting eyes for placing the cabinet on its foundation.  Each eye opening shall have a minimum diameter of 0.75 inch.  Each eye shall be able to support a weight load of 1000 pounds.



21.2.8
All exterior bolt heads shall be tamperproof type.



21.2.9
The housing shall have no provisions for a police door.



21.2.10
The housing shall be equipped with metal hooks to hang a plastic envelope as specified herein.



21.2.11
(4) Door Latches and Locks - The latching handles shall have provision for padlocking in the closed position.  Each handle shall be 0.75 inch minimum diameter stainless steel with a minimum 0.5 inch shank.  The padlocking attachment shall be placed at 4.0 inches from the handle shank center to clear the lock and key.  An additional 4.0 inches minimum gripping length shall be provided.




21.2.11.1
The latching mechanism shall be a three-point draw roller type.  The pushrods shall be turned edgewise at the outward supports and have a cross section of 0.25 inch thick by 0.75 inch wide, minimum.




21.2.11.2
When the door is closed and latched, the door shall be locked.  The locks and handles shall be on the right side of the front door and the left side of the rear door.  The lock and lock support shall be rigidly mounted on the door.  In the locked position, the bolt throw shall extend a minimum of 0.25 +/-0.03125 inch into the latch cam area.  A seal shall be provided to prevent dust or water entry through the lock opening.




21.2.11.3
The locks shall be Corbin #2.  One key shall be supplied with each lock.  The keys shall be removable in the locked position only.




21.2.11.4
The locks shall have rectangular, spring loaded bolts.  The bolts shall have a 0.281 inch throw and shall be 0.75 inch wide by 0.375 inch thick (tolerance is +/-0.035 inch).




21.2.11.5
The center latch cam shall be fabricated of a minimum thickness 0.1875 inch steel or aluminum.  The bolt surface shall horizontally cover the cam thickness.  The cam shall be structured to only allow the door to open when the handle is moved toward the center of the door.




21.2.11.6
Rollers shall have a minimum diameter of 0.875 inch with nylon wheels and steel ball bearings.




21.2.11.7
The housing ventilation including intake, exhaust, filtration, fan assembly and environmental control are as follows:




21.2.11.8
The front and rear doors shall be provided with louvered vents.  The louvered vent depth shall be a maximum of 0.25 inches.  A removable and reusable air filter shall be housed behind the door vents.  The filter filtration area shall cover the vent opening area.  A filter shell shall be provided that fits over the filter providing mechanical support for the filter.  The shell shall be louvered to direct the incoming air downward.  The shell sides and top shall be bent over a minimum of 0.25 inches to house the filter.  The filter resident in its shell shall be held firmly in place with a bottom bracket and a spring loaded upper clamp.  No incoming air shall bypass the filter.  The bottom filter bracket shall be formed into a waterproof sump with drain holes to the outside housing.




21.2.11.9
The intake (including filter with shell) and exhaust areas shall pass a minimum of 60 cubic feet of air per minute for housing #1 and 26 cubic feet of air per minute for housing #2.




21.2.11.10
The housing shall be equipped with an electric fan with ball or roller bearings and a capacity of at least 100 cubic feet of free air delivery per minute.  The fan shall be mounted within the housing and vented.




21.2.11.11
The fan shall be thermostatically controlled and shall be manually adjustable to turn on between 33oC and 65oC with a differential of not more than 6oC between automatic turn on and off.  The fan circuit shall be protected at 125% of the fan motor ampacity.  The manual adjustment shall be graded in 10oC increment scale.




21.2.11.12
The filter shall be 16 inches wide by 12 inches high by 0.875 inches thick.  The filter shall be a ECO-AIR Products E35S or equal.



21.2.12
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Hinges and Door Catches: Two-bolt per leave hinges shall be provided to bolt the enclosure to the door.  Housing 1 shall have 4 hinges and Housing 2 three hinges.  Each hinge shall be 3.5 inches minimum length and have a fixed pin.  The pin ends shall be welded to the hinge and ground smooth.  The pins and bolts shall be covered by the door edge and not accessible when the door is closed.





Front and rear doors shall be provided with catches to hold the door open at both 90 and 180 +/-10 degrees.  The catch minimum diameter shall be either 0.375 inch for plated steel or aluminum rods or 0.25 inch for Stainless steel.  The catches shall be capable of holding the door open at 90 degrees in a 60 mph wind acting at an angle perpendicular to the plane of the door.



21.2.13
Heating Element: The housing shall be equipped with a heating element installed in the bottom front of the cabinet, and conforming to the following requirements:





A.
The heating element shall draw 500 watts and have an output of at least 1700 BTU/hr.





B.
The heating element shall have a built-in quick response thermostat with sealed contacts that has a temperature control range of 40oF to 100oF, and have a built-in thermal cut-off to automatically shut-off heater in event of overheating.





C.
The heating element shall be constructed of 20 gauge cold-rolled steel, completely welded, with copper brazed rugged steel fins.  No fans or motors shall be used in the heating element.





The heater shall be mounted along the side of the rack and shall be no less than 6-inches from the bottom of the cabinet.



21.2.14
Shelves : Each cabinet shall be equipped with two shelves.  Shelves shall be the full width of the rack and 12-inches deep.





Shelves shall be constructed of 0.125 inch aluminum (minimum) with a 1-inch lip turned up along the back of the shelves.  The shelves shall attach to the rack assembly by using four (4) Phillips head screws to the front of the rack.  The shelves shall be designed to support a minimum of 50 pounds.



21.2.15
Pull-Out Drawer: A pull-out, hinged-top drawer, having sliding tracks, with lockout and quick-disconnect feature, such as a Vent-Rak Retractable Writing Shelf, #D-4090-13 or equivalent - shall be provided as shown in the cabinet drawings.  The pull-out drawer shall extend a minimum of 14 inches in order to facilitate removal of the processor by providing the processor with an aluminum platform covered by a formica-type chemical-proof plastic sheet while the rear connector is being removed.  It shall be possible to lift this hinged platform in order to gain access to the interior of the drawer.  Minimum interior dimensions of the drawer shall be 1 inch high, 13 inches deep, and 16 inches wide.  The drawer shall be capable of supporting a 40 pound controller when fully extended.



21.2.16
Cabinet Light: Each cabinet shall be equipped with one (1) fluorescent lighting fixture mounted inside the top front portion of the cabinet. The fixture shall have an F-15-T-8 cool white lamp; operated from a normal power factor, UL listed ballast.  A door actuated switch shall be installed to turn the cabinet light on when the front door is opened.  The door switch shall be on a separate circuit by itself; and used only to turn on the cabinet light.



21.2.17
Plastic Envelope: Each cabinet shall be supplied with a heavy duty plastic envelope to store traffic plans, wiring diagrams, schematics, etc.  This envelope shall have metal grommets so that it hangs from the door hooks.  The envelope shall have minimum dimensions of 10"x15".


21.3
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Mounting Cage: A standard EIA 19-inch rack cage shall be installed inside the housing for mounting of the controller unit and cabinet assemblies.  The EIA rack portion of the cage shall consist of 2 pairs of continuous, adjustable equipment mounting angles.  The angle nominal thickness shall be either 0.1345 inch plated steel or 0.105 stainless steel.  The angles shall be tapped with 10-32 threads with EIA universal spacing.  The angle shall comply with Standard EIA RS-310-B and shall be supported at the top and bottom by either welded or bolted support angles to form a cage.



21.3.1
Clearance between rails for mounting assemblies shall be 17.75 inches.



21.3.2
Two steel supporting angles extending from the front to the back rails shall be supplied to support the controller unit.  The angles shall be designed to support a minimum of 50 pounds each.  The horizontal side of each angle shall be a minimum of 3 inches.  The angles shall be vertically adjustable.



21.3.3
The cage shall be bolted to the cabinet at 4 points, via the housing cage supports and associated spacer brackets, 2 at the top and 2 at the bottom of the rails.



21.3.4
The cage shall be centered within the cabinet.


21.4
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Power Distribution Assembly (PDA #3): The following equipment shall be provided with the power distribution assembly PDA #3:



1 -
Duplex NEMA 5-15R Controller Receptacle



2 -
Duplex NEMA 5-15R Equipment Receptacle



1 -
1 Pole 30 Amperes, 120 VAC Main Circuit Breaker



3 -
1 Pole 15 Amperes, 120 VAC Circuit Breaker (Equip & Field)



1 -
Model 206 Power Supply Module and Socket



1 -
Model 208 Monitor Unit and Socket



1 -
Model 430  Heavy Duty Relay and Socket (Transfer Relay)



1 -
Watchdog Timer ON/OFF-RESET Control Switch



3 -
Model 200 Switch Packs and Sockets



3 -
10 Position TBK T1, T2, & T4



1 -
4 Position TBK T3



21.4.1
Rating of breakers shall be shown on face of breaker or handle.  Breaker function shall be labeled below breakers on front panel.



21.4.2
The first equipment receptacle in the circuit shall have ground-fault circuit interruption as defined in the National Electrical Code.  Circuit interruption shall occur on 6 ma of ground-fault current and shall not occur on less than 4 ma of ground-fault current.



21.4.3
All conductors from the power distribution assembly routed to the cabinet wiring shall be connected to the terminal block on the common side, except for the AC power conductor between the service terminal block and main circuit breaker.  All internal conductors terminating at the blocks shall be connected to the other side of the blocks.



21.4.4
Ganged circuit breakers shall be certified by the circuit breaker manufacturer that their circuit breakers shall gang trip.



21.4.5
The monitor unit ON/OFF-RESET switch shall be a DPST toggle control mounted on the PDA #3 front panel.  When placed in DOWN position (OFF-RESET) a grounded input shall be presented at the monitor unit pin 22 (resetting the WDT circuitry) and the other side switch circuit close bypassing the monitor unit.



21.4.6
Model 206 Power Supply Module: A power supply shall be provided to supply +24 VDC to the input and output files for use by their associated devices.  The power supply shall be of ferro-resonant design having no active components and conform to the following requirements:




a.
Line Regulation - 2% from 90 to 135 VAC at 60 Hz, plus an additional 1.6% for each additional 1.0% frequency change.




b.
Load Regulation - 5% from ampere to 5 amperes with a maximum temperature rise of 30oC above ambient.




c.
Design Voltage - +24 +/-0.5 VDC at full load, 30oC above ambient.




d.
Full Load Current - 5 amperes, minimum.




e.
Ripple Noise - 2 volts peak-to-peak and 500 millivolts RMS at full load.




f.
Line Voltage - 90 to 135 VAC.




g.
Efficiency - 70% minimum.




h.
Minimum Voltage - +22.8 VDC.




i.
Circuit capacitors shall be rated for 40 volts, minimum.




21.4.6.1
The assembly shall have a minimum depth of 5.5 inches.




21.4.6.2
The front panel shall include AC and DC fuses, power ON light and test points for monitoring the output voltages.




21.4.6.3
The power supply cage and transformer shall be securely braced to prevent damage in transit.




21.4.6.4
The module chassis shall be vented.  Its top and sides shall be open except for unit supports.




21.4.6.5
When resident in the PDA assembly the module shall be held firmly in place by its stud screw, assembly connector support panel and a wingnut.




21.4.6.6
Two 0.5 ohm, 10 watt minimum wire-wound power resistors with a 0.2uH inductance shall be provided (1 on the AC+ power line and 1 on the AC- line).  Three MOV surge arresters rated for 20 Joules minimum shall be supplied between AC+ and EG, AC- and EG, and between AC+ and AC-.  A 0.68uF capacitor shall be placed across AC+ and AC- between the two power resistors and the MOV's.




21.4.6.7
Terminal screw size shall be 10-32 for TBK T1, T2, & T4 and 6-32 for TBK T3.




21.4.6.8
Input File: The file shall have a maximum depth of 8.5 inches and shall intermate with and support 14 two-channel detector sensor or isolator units.






The file shall provide a PCB 22/44S connector centered vertically for each two-channel detector.  The associated number and letter side connectors shall be shorted internally.  Pins D, E, F, J, K, L, and W shall be brought out to a 8 position terminal block on the back of the file.  The output emitters shall be common grounded with the ground terminating at TB 15, position 4.  Position 8 of the terminal block is assigned to equipment ground and is used to terminate lead in shields.






The input file shall be provided with marker strips to identify isolators and detectors in the file.




21.4.6.9
TBK terminal screw size shall be 8-32.


21.5
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Side Panels:  Two panels shall be provided and mounted on the cabinet side walls.  In viewing from the front door, the left side panel shall be designated as the “Input/Communications” and the right side panel shall be designated as the “Service Panel”.



21.5.1
The panel shall be fabricated from 0.125 inch sheet aluminum, and have the dimensions shown on the details.  The panel shall be drilled and tapped, as necessary, to mount the terminal blocks and other attachments described herein, as well as to mount the panel to the cabinet wall as shown in the details.  Sharp edges, or burrs, caused by the cutting or drilling process shall be removed.



21.5.2
The service panel shall conform to the cabinet details provided herein.



21.5.3
The service panel shall be equipped with a 4 outlet handi-box. 



21.5.4
The handi-box shall be wired to the series portion of the SHA-1210 specified herein.



21.5.5
The cabinet shall be protected by filtering surge protector (EDCO Model SHA-1210 or equal).  The protector shall have the following minimum features:




Peak Current


20,000 amps




Life Test


5% change




Clamp Voltage (L-N)

280V @ 20 KA




Response Time

Voltage never exceeds 28 volts during surge




Continuous Service Current
10 amps maximum








120 VAC 60 Hz



21.5.6
The surge protector shall be mounted to the service panel as shown in the details.



21.5.7
The input/communications panel shall be equipped with an adequate number of terminal blocks so that there is at least one set of terminals for each position on input files.



21.5.8
The input/communications panel shall be completely wired to the input files.



21.5.9
The terminals on the input panel shall be permanently labeled to match their respective input file position.



21.5.10
All loop detector terminals on the input panel which are active shall be provided with surge protection.  Surge protection devices shall have the following minimum features:





•
protect the inputs against differential (between the loop lead) surges, and against common mode (between loop lead and ground) surges.





•
withstand a 400 amp surge current (differential mode) with an 8 x 20 microsecond waveform; and withstand a 1000 amp surge current (common mode) with an 8 x 20 microsecond waveform.





•
minimum capacity of 6 occurrences at peak surge current.





•
clamp the surge voltage to 30 volts or less when subjected to peak surge currents for the differential mode; and 40 volts or less for the common mode as specified above.





•
maximum response time of 40 nanoseconds.



21.5.11
The input/communications panel shall be provided with a communications cable termination block (CTB-1).



21.5.12
The input/communications panel shall be provided with a test point termination block (CTB-3).  This block shall be an eight position single screw closed back barrier strip and shall be mounted on the communications termination panel, as shown on the details.  The strips shall be rated at 15 amperes and shall be provided with 6-32 x 1.4 inch nickel plated brass binder head screws.



21.5.13
A grounding stud shall be provided on each panel.  The stud shall extend through the panel.  The overvoltage protection devices' ground leads shall be attached to the stud on the front side of the panel.  An No. 8 AWG copper conductor shall be attached to the stud on the back side of the panel, and shall connect to the cabinet's equipment grounding bus.



21.5.14
A twelve-conductor jacketed cable shall be attached to terminal blocks CTB-2 and CTB-3, with ring lugs, as shown on the details.  The cable shall terminate in a standard C2P connector, and shall be routed through the cabinet and be of sufficient length to reach the C2S connector on the back of the 170 controller unit, when the unit is installed, or is being installed, in the equipment rack.



21.5.15
As shown on the details, a feed-through opening, complete with protective grommet, shall be provided on the panel, to protect the C2P harness.  A strain relief device shall also be provided.



21.5.16
Six 1/4 inch diameter holes shall be provided, as shown on the details herein.



21.5.17
A legend shall be provided on each termination panel as shown on the details.  The legend shall be in 0.1 inch high block letters which have been silk-screened on to a properly prepared termination panel surface.



21.5.18
A 25-pin male connector shall be installed on the communications termination panel.  The 25-pin connector shall be wired to terminal block CTB-3 as shown on the details.


21.6
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Cabinet Harnesses: The C1 harness shall be a minimum of 4 feet in length.  The harness wire bundle shall be provided with external protection and routed on the input panel side of the cabinet.  Adequate length shall be provided to allow the C1P Connector to properly connect any Department approved Model 170 controller unit mounted in the cabinet.



21.6.1
One end of the C1 harness shall be the C1P connector with pin contacts wired per the detail assignment.  The other ends of the harnesses shall terminate as follows:




Harness #6 -
Assigned input file I position 




C6S connector (connected to C6P on PDA #3)



21.6.2
Conductors between the C1 connector and the input file(s) shall be of adequate length to allow any conductor to be connected to any detector output terminal (positions S, F, or W).


21.7
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Cabinet Wiring: All conductors used in cabinet wiring shall terminate with properly sized non-insulated (if used, for DC logic only) or clear insulated spring-spade type terminals except when soldered to a through-panel solder lug on the rear side of the terminal block or as specified otherwise.  All crimp-style connectors shall be applied with a power tool which prevents opening of the handles until the crimp is completed.



21.7.1
Conductors between the service terminal AC- and Equipment Ground and their associated bus, the equipment ground bus conductor to Power Distribution Assembly and cage rail, AC- Bus to Power Distribution Assembly shall be No. 8 or larger.



21.7.2
All conductors unless otherwise specified shall be No. 22, or larger, with a minimum of 19 copper strands.  Conductors shall conform to Military Specification:  MIL-W-16878D, Type B, or better.  The insulation shall have a minimum thickness of 10 mils and shall be nylon jacketed polyvinyl chloride except the Conductors No. 14 and larger may have Type THHN insulation (without Nylon Jacket), and shall be stranded with a minimum of 7 copper strands.



21.7.3
All conductors, except those which can be readily traced, shall be labeled.  Labels attached to each end of the conductor shall identify the destination of the other end of the conductor.



21.7.4
All conductors shall conform to the following color-code requirements:




•
The neutral conductors of AC circuits shall be identified by a continuous white or gray color.




•
The equipment grounding conductors shall be identified by a solid green color.




•
The DC logic ground conductors shall be identified by a solid white color with a red stripe.




•
The ungrounded AC+ conductors shall be identified by a solid black wire.




•
The logic ungrounded conductors shall be identified by any color not specified above.



21.7.5
All wiring harnesses shall be neat, firm, and routed to minimize crosstalk and electrical interference.  Printed circuit motherboards are to be used where possible to eliminate or reduce cabinet wiring.




•
Wiring containing AC shall be routed and bundled separately or shielded separately from all logic voltage control circuits.




•
Cabling shall be routed to prevent conductors from being in contact with metal edges.  Cabling shall be arranged so that any removable assembly may be removed without disturbing conductors not associated with that assembly.



21.7.6
Within the cabinet, the DC logic ground and equipment ground shall be electrically isolated from the AC grounded conductor and each other by 500 megohms when tested at 250 VDC, with the power line surge protector disconnected.



21.7.7
The AC- copper terminal bus shall not be grounded to the cabinet or connected to logic ground.  Nylon screws with a minimum diameter of 0.25 inch shall be used for securing the bus to the service panel.



21.7.8
The cabinet power supply DC Ground shall be connected to the DC logic ground bus using a No. 14, or larger, stranded copper wire.



21.7.9
Each detector lead-in pair, from the field terminals in the cabinet to the sensor unit rack connector, shall be a cable of UL Type 2092 or better.  The stranded tinned copper drain wire shall be connected to a terminal on the input file terminal block.  This input terminal shall be connected to the equipment grounding bus through a single conductor.


21.8
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Terminal Blocks: The terminal blocks shall be barrier type rated at 20 amperes, 600 volts RMS minimum.  The terminal screws shall be 0.3125 inch minimum length nickel plated brass binder head type with screw inserts of same material.  Screw size is called out under associated cabinet assembly, file or side panel.



21.8.1
The terminals of the power line service terminal block shall be labeled “AC+, AC-, and AC GND”, and shall be covered with a clear insulating material to prevent inadvertent contact.  Terminating lugs large enough to accommodate No. 2 conductors shall be furnished for the service terminal block.  The terminal block shall be rated for 50 amperes at 600 volts peak, minimum.  The block shall be either a double row, 3 position screw/insert with shorting bar (screws, inserts, and shorting bars shall be nickel plated brass) or a Marathon #1423552 (or equal).  If the Marathon block is used, the surge protectors shall be terminated under a screw head (not common with AC+, AC-, or AC Ground).  The AC+, AC-, and AC Ground conductors connecting to the service terminals and appropriate buses shall not be spade lugged.


21.9
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Model 200 Switch Packs: Each cabinet assembly shall include three (3) model 200 switch packs. The Model 200 solid state switch pack shall be a modular plug-in device containing 3 solid state switches to be used for opening and closing connections between the applied power and an external load.



21.9.1
The module chassis providing rigid unit support (for connector mounting, PCB support, module alignment and insertion/removal) and Triac heat sinking shall be made of metal suitable to meet support and environmental requirements.  Where electrical isolation protection is the only requirements, plastic insulation material may be used in lieu of metal.



21.9.2
Module control circuitry and switches shall be readily accessible by the use of a screwdriver or wrench.  Only one type of screw head end (slotted or phillips) shall be used throughout.



21.9.3
Each module shall be so constructed that persons inserting or removing the module will not be exposed to any parts having live voltage.  A handle shall be attached to the front of each module to facilitate the module insertion or removal from its mating connector.



21.9.4
The module shall be so constructed that its lower surface will be no more than 2.10 inches below the centerline of the connector and that no part will extend more than 0.90 inch to the left or 1.10 inches to the right of the centerline of the connector pin array.



21.9.5
Continuous edge guides shall be provided on the module.



21.9.6
The front panel of the module shall be provided with one indicator per switch.  The indicators shall be vertically centered on the front panel with top and bottom indicators no more than one inch from the panel vertical center.



21.9.7
Each switch shall have the capability of switching any current from 0.05 to 10 amperes (AC) at a power factor of 0.85.



21.9.8
Each switch shall turn ON within +/- 5 degrees of the zero voltage point of the AC sinusoidal line, and shall turn OFF within +/- 5 degrees of the zero current point of the alternating current sinusoidal line.  After power restoration, the zero voltage turn ON may be within +/- 10 degrees of the zero voltage point only during the first half cycle of line voltage during which an input signal is applied.  Turn ON and OFF shall be within 8.33 ms following application or removal of the logic signal, respectively.



21.9.9
Each switch shall be designed for a minimum of 300 million operations while switching a tungsten filament load of 1,000 watts at 70oC.



21.9.10
Each switch shall have isolation between input DC control and AC to lights output circuit of at least 2,000 VDC and 10,000 megohms DC.



21.9.11
Each switch shall have a one cycle surge rating of 175 amperes RMS and a one second surge rating of 40 amperes RMS.



21.9.12
Each switch shall be capable of withstanding a peak inverse voltage of 500 volts at 70oC and no more than 20 ma leakage.



21.9.13
The connector plug contact tails shall be solder hook or eye styles only.  PCB (soldered to the PCB) and quick connect connections styles are not allowed.



21.9.14
A LOW state input (negative true logic) from the controller unit (saturated NPN transistor, 0 to 6 VDC) shall cause the switch to be energized.  A HIGH state input (cut-off NPN transistor, 16 VDC or greater) shall cause the switch to de-energize.  The state transition (conducting to nonconducting or vice versa) shall occur between 6 and 16 VDC.



21.9.15
The incoming logic signal shall not sink more than 20 ma nor be subjected to more than 30 VDC.



21.9.16
The module shall not draw more than 60 ma at +16 VDC or greater from the cabinet power supply with all switches ON.



21.9.17
Each switch shall have an OFF state dv/dt rating of 100 volts per us or greater.



21.9.18
The indicators shall be labeled or color coded from top to bottom “Red”, “Yellow”, and “Green”.  Each indicator shall indicate a controller unit output circuit.



21.9.19
The input circuit of each switch shall have reverse polarity protection.



21.9.20
The resistance between the AC+ input terminal and the AC+ output terminal of each switch shall be 15,000 ohms, minimum, when the switch is in the open position.  The output current from the switch through the load when the load switch is in the OFF state shall not exceed 20 ma peak.



21.9.21
Each switch shall be isolated so that line transients or switch failure will not adversely affect the controller unit.



21.9.22
The Plug Connector shall be a BEAU P-5412-LAB or equal.


21.10
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Model 208 Monitor Unit: Each ramp meter processor assembly shall include one Model 208 monitor unit.



21.10.1
The Monitor Unit shall render reliable detection and cause a relay output contact condition (FAILED state) when sensing the following:





•
The +24 VCD Power Supply Voltage below specified threshold





•
A WDT Timeout Condition



21.10.2
An electro-mechanical relay shall be provided to switch an output circuit during a FAILED state.  The relay coil shall be energized in a NON FAILED state.  The relay contacts shall be rated for a minimum of 3 amperes at 120 VAC and 100,000 operations.  Contact opening/closing time shall be 30 ms or less.



21.10.3
A momentary SPST CONTROL switch labeled “RESET” shall be provided on the unit front panel to reset the monitor unit circuitry to a NON FAILED state.  The switch shall be so positioned on the front panel that the switch can be operated while gripping the front panel handle.  A reset issuance (Unit Reset) shall be a onetime input to prevent the monitor from constant reset.



21.10.4
All monitor logic and driver power shall be generated from an internal unit power supply except for WDT and +24 VDC cabinet voltage sense circuits.  The WDT sense circuit power may be derived from either power supply.  Circuits on the monitor that are “powered” by the +24 VDC cabinet power supply shall be optically isolated from those deriving their power from the monitor unit internal supply.  The monitor shall not draw more than 500 ma from the +24 VDC cabinet power supply.  Failure to provide reliable operating voltage levels shall cause a FAILED state.



21.10.5
The monitor unit shall sense an external +24 VDC power supply output voltage.



21.10.6
Voltages sensed at +18 VDC or below for a duration of 500 ms or longer shall cause a FAILED state.



21.10.7
Voltages sensed at +22 VDC or above shall NOT cause a FAILED state.



21.10.8
Voltages sensed below +22 VDC for a duration of 200 ms or less shall NOT cause a FAILED state.



21.10.9
All timing and voltages conditions other than those specified above may or may not cause a FAILED state.



21.10.10
A FAILED state caused by sensing the power supply shall illuminate a front panel indicator light labeled “VDC FAILED”.  The indicator shall remain ON until Unit Reset.



21.10.11
Only Unit Reset shall reset the power supply sense circuitry from a FAILED state.



21.10.12
Watchdog timer (WDT) circuitry shall be provided to monitor a controller unit output line state routed to the monitor unit at its assigned pin.  The WDT Circuitry shall sense any line state change and the time between the last change.  No state change for 1.5 +/- 0.1 seconds shall cause a FAILED state.  The timer shall reset at each state change in a NON FAILED state.



21.10.13
Only the Unit Reset or a WDT inactive due to the voltage sense shall reset the WDT from a FAILED state.



21.10.14
A FAILED state caused by the WDT shall illuminate a front panel indicator light labeled “WDT ERROR”.  The indicator shall remain ON until Unit Reset Issuance.



21.10.15
The WDT Circuitry shall sense the incoming VAC Line and when the voltage falls below 98 +/- 2 VAC for 50 +/-17 ms shall inhibit the WDT Function.  When the WDT Circuitry senses the incoming VAC Line rise above 103 +/-2 VAC for 50 +/-2 ms the WDT shall become active.  A hysteresis between the Voltage Inhibit and the Voltage Active Settings shall be a minimum of 3 Volts.



21.10.16
The model 208 shall conform to the following requirements:





•
Provision to drive an external NE2H Neon light through a 56K Ohm, 1/2 Watt series resistor (resident on unit) from the unit shall be provided.





•
The PDA #3 WDT Reset Input shall not be sensed by the unit.  It exists only for downward compatibility reset of past WDT plug in boards.





•
The output relay contact for FAILED state shall be “OPEN”.


21.11
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Model 242 DC Dual Isolation Modules: The dual isolation modules are units which contain two (2) isolation channels, which plug into the detector rack.  Each isolation channel, working independently, shall provide isolation between electrical contacts external to the module (e.g., video processing equipment, microwave detector) and the microcomputer input.  The isolation module is of purely solid-state design.  The method of isolation shall be based upon a design philosophy which shall render reliable operation.



Operational Specifications: The isolation module shall be mounted on an edge-connected printed circuit board of the dimensions shown on the details herein.



21.11.1
Each isolation channel shall not draw more than 400 milliamperes from the 24 VDC cabinet supply for its operating power.



21.11.2
The isolation module front panel shall be provided with a hand-pull to facilitate insertion and removal from the rack enclosure.



21.11.3
The isolation channel shall have a front panel mounted indicator to provide visual indication of each electrical contact closure and a test switch to place an input to the isolation channel.  Both indicator and switch shall be on the input side of the optical coupler.  Test switch shall be a single pole-double throw, three (3) position switch; momentary ON, OFF and one (1) maintained ON positions.  The contacts shall be either silver or coin silver with gold over nickel plate rate for 5 ampere at 115 VAC.



21.11.4
Each isolation channel output shall be an optoisolated NPN open collector capable of sinking 500 milliamperes at 30 volts.  This output shall be compatible with the Model 170 Controller Unit.  Each isolation channel shall present ground true logic to the Controller Unit inputs.



21.11.5
Front panel of module shall be labeled as to model number and titled “DC DUAL ISOLATION MODULE”.


21.12
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Electrical Requirements: Each isolation channel input shall be turned on (true) when the resulting contact closure causes an input voltage less than 8 VDC, and shall be turned off (false) when the resulting contact opening causes the input voltage to exceed 12 VDC.  Each input shall deliver no less than 15 nor more than 20 milliamperes to an electrical contact closure or short from the internal 24 volt supply.



21.12.1
The minimum isolation shall be 1000 megohms and 2500 VDC from input to output.



21.12.2
Lightning Protection - Lightning protection shall be installed across all input pairs of the detector/input card.  The protection shall be designed to enable the device to withstand a 10 microfarad capacitor, charged to +/-1000 VDC, being placed, for a period of one (1) second, directly across the input pins or between either input pin and Chassis Ground of the detector/input card with no load present.



21.12.3
Board Edge Connector Pin Assignment shall be as follows:

	PRIVATE 
PIN
	
	FUNCTION
	
	PIN
	
	FUNCTION

	A

B
C

D

E

F

H

J

K

L
	
	DC Ground

+24 VDC

NC

Input #1

Input #1 Common

Output #1(C)

Output #1(E)

Input #2

Input #2 Common

Chassis Gnd
	
	M
N

P

R

S

T

U

V

W

X

Y

Z
	
	AC Neutral

+115 VAC

NC

NC

NC

NC

NC

NC

Output #2(C)

Output #2(E)

NC

NC

	   
= Slotted for keying

(C)
= Collector

(E)
= Emitter

(NC)
= Not connected




21.12.4
Each processor assembly shall be complete with all specified components and wiring, and ready for installation and external connections.


21.13
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METHOD OF MEASUREMENT. Cabinet & Assemblies shall be measured for payment by the number of units each, complete with all components provided as specified herein, delivered to the Department.


21.14
BASIS OF PAYMENT. Cabinet & Assembly will be paid at the contract unit price each, which price shall be payment in full, for furnishing a complete Cabinet & Assembly and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

22
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ITEM 22. EQUIPMENT CABINET


22.1
DESCRIPTION.  This section describes all elements and requirements for providing equipment cabinets.  These cabinets will be used for housing various field equipment including but not limited to Variable Message Signs  controllers (VMS), video surveillance equipment, and communications equipment. 


22.2
MATERIALS 



22.2.1
Cabinet: The cabinet shall be furnished, ready for operation with the following composition:




Housing




Mounting Cage




Service Panel




22.2.1.1
Cabinet Shipping Requirements - The cabinet shall be delivered mounted on a plyboard shipping pallet.  The pallet shall be bolted to the cabinet base.  The cabinet shall be enclosed in a slipcover cardboard packing shell.  The housing doors shall be blocked to prevent movement during transportation.




22.2.1.2
All bolts, nuts, washers, screws (size 8 or larger), hinges and hinge pins that are subject to corrosion shall be stainless steel unless otherwise specified.  In areas where corrosion resistance is not a factor, plated steel hardware is acceptable.




22.2.1.3
A cage mounting clear area for the controller unit shall be provided.  The area shall extend 1.5 inches in front of and 16 inches behind the front EIA mounting angles.




22.2.1.4
All conductors, terminals, and parts which could be hazardous to maintenance personnel shall be protected with suitable insulating material.



22.2.2
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Housing Type: All cabinets shall be 334 cabinets and cage assemblies as shown in the detail diagram pages at the end of this category.



22.2.3
Housing Construction: See Description in Section 23.2



22.2.4
Service Panel:  A panel shall be provided and mounted on the cabinet right wall when viewed from the front door.  The panel shall be fabricated from 0.125 inch sheet aluminum, and have the dimensions shown on the details.  The panel shall be drilled and tapped, as necessary, to mount the terminal blocks, breakers, and other components described herein, as well as to mount the panel to the cabinet wall.  Sharp edges, or burrs, caused by the cutting or drilling process shall be removed.




22.2.4.1
The service panel shall contain the following equipment and shall conform to the details provided herein.






•
A 50 amp main circuit breaker for incoming power service






•
A 20 main breaker wired to the load side of the main breaker.  This breaker shall supply power to the fan, heater, and cabinet light.






•
A 20 auxiliary amp breaker wired to the load side of the main breaker.  This breaker shall supply power to four outlet handibox.






•
A 20 auxiliary amp breaker wired to the load side of the main breaker. This breaker shall supply power to the terminal block mounted on the service panel






•
A four outlet handibox, wired to the series portion of the SHA-1210 specified herein.






•
A three position, two pole barrier type terminal block shall be provided to supply spare power.  This shall be connected to the 20 amp breaker described above.  The terminal block shall be provided with a plastic shield and each terminal shall be labeled (AC+, AC-, and GND). 






•
The cabinet shall be protected by filtering surge protector (EDCO Model SHA-1210 or equal).  The protector shall have the following minimum features:

	PRIVATE 
Peak Current

Life Test

Clamp Voltage (L-N)

Response Time

Continuous Service

Current
	
	20,000 amps

5% change

280V @ 20 KA

Voltage never exceeds 250 volts during surge

10 amps maximum

120 VAC 60 Hz





22.2.4.2
The surge protector shall be mounted to the service panel as shown in the details.




22.2.4.3
The service panel shall contain a neutral bus, and a ground bus described as follows. The two buses shall be isolated from each other:






•
Neutral Bus - The neutral bus bar shall be a solid metallic strip rigidly mounted on the service panel.  The neutral bus shall be provided with at least 14 terminals and shall be isolated from ground bus.  All neutral conductors shall be terminated on the neutral bus.






•
Ground Bus - The ground bus shall be a solid copper strip located as close to the bottom of the cabinet as practical.  The ground bus shall be provided with at least 14 terminals and shall be directly connected to the cabinet shell and earth ground.  The chassis ground connection to each unit in the cabinet shall be run separately and directly to the ground bus.  Multiple ground busses, as required, shall be interconnected by a minimum of #8 AWG wire.


22.3
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METHOD OF MEASUREMENT. Cabinet & Assemblies shall be measured for payment by the number of units each, complete with all components provided as specified herein, delivered to the Department.


22.4
BASIS OF PAYMENT. Cabinet & Assembly will be paid at the contract unit price each, which price shall be payment in full, for furnishing a complete Cabinet & Assembly and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

23
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ITEM 23. TRAINING


23.1
DESCRIPTION.  Work under this item shall consist of providing qualified instructors and all materials for training Department personnel and other designated personnel in the operation and maintenance of the various equipment and components furnished under this category - ATMS Controllers and Cabinets.


23.2
MATERIALS.  The contractor shall develop and submit training course outlines and samples of all training aids and manuals to the engineer for approval at least forty-five (45) days prior to the proposed scheduled start of the training sessions.  Written approval of this material shall be required prior to the final scheduling of the training sessions or the final production of training materials.  Training shall not begin until after approval of the submitted training material, and a minimum of 10 working days after acceptance of the operation and maintenance manuals specified under the Item Documentation.


23.3
As part of this item, the Contractor shall provide three sets of all test equipment needed to perform the tests called for in this specification.  The Contractor shall also provide 3 sets of any and all test equipment needed to perform routine maintenance on the equipment furnished under this category of the specification. The training sessions described under this item shall include training on the use of the test equipment furnished by the Contractor.


23.4
CONSTRUCTION METHODS.  All training sessions shall be conducted at locations within Salt Lake County, Utah, to be designated by the Department.  Training sessions shall not overlap unless otherwise permitted by the Department.



23.4.1
Training shall consist of formal classroom lectures as well as “hands-on” training.  "Hands-on" training shall consist of working with the actual equipment.



23.4.2
Two (2) training sessions shall be provided for the equipment category and subsystem as follows:




•
Type 170E controller and Test Equipment

4 days



23.4.3
A "day" of training shall consist of 6 hours.  The two sessions for each equipment category/subsystem shall be identical in content.  The training sessions shall not overlap unless otherwise permitted by the engineer.  The attendance of each session shall not be more than 30 people.  Each session shall provide a basic understanding of the equipment and subsystems and their operation and maintenance.  These training sessions shall include as appropriate, and as a minimum:




•
Background on concepts of equipment/subsystem, and theory of operation.




•
Functional description of subsystem equipment components.




•
Procedures for installing and setting up equipment and components.




•
Basic troubleshooting and fault determination procedures.




•
Procedures for “mail-in” repairs.




•
Preventive maintenance procedures and schedules.



23.4.4
The contractor shall video tape all training sessions, and provide the tapes to the Department for training new personnel in the future.


23.5
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METHOD of MEASUREMENT. Training will be measured as a Lump Sum which shall cover all preparation of course materials and as well as the time and human resources to provide and run the course at a location to be determined by the Department.


23.6
BASIS of PAYMENT.  Training, measured as provided above, will be paid for at the contract unit price Lump Sum, which price shall be full compensation for furnishing instructors and training materials; for providing the training sessions; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

24
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ITEM 24. ENGINEERING FIELD SERVICES


24.1
DESCRIPTION.  The supplier shall provide on-site services when requested by UDOT, including, but not limited to:


•
Fully program controllers with timing plans and settings


•
Bench test systems to ensure proper operation of hardware and programming


•
Provide field services for inspection of installation



24.1.1
Field services shall be provided by experienced personnel familiar with use of the equipment and software. Experienced personnel shall include, but not be limited to, instructors, engineers, and field technicians.



24.1.2
Payment for on-site services will be on an 8-hour "person-day" basis with a minimum order of two (2) full days.



24.1.3
Time required to travel from out of state to Utah shall not be eligible for payment. Travel time within Utah between UDOT sites is included in the ‘person-day’.



24.1.4
All direct costs of travel, accommodations, and meals shall be included in the unit bid price per day for on-site services. No separate payments will be made for these travel costs.



24.1.5
On-site services may be required anywhere in the state of Utah. Field services will be scheduled at least two weeks in advance.



24.1.6
No payment will be made for on-site services which are required to trouble-shoot or resolve problems caused by malfunctions or failures of the vendor’s equipment or for work done under warranty.


24.2
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METHOD of MEASUREMENT. Engineering Field Services will be measured as days, with each day consisting of an eight hour ‘person-day’.


24.3
BASIS of PAYMENT.  Engineering Field Services, measured as provided above, will be paid for at the contract unit price per day, which price shall be full compensation for furnishing field personnel to provide engineering services; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

25
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ITEM 25. ALLOWANCE FOR MISCELLANEOUS ITEMS


25.1
DESCRIPTION. Under this item, UDOT will purchase miscellaneous ATMS controller and cabinet equipment parts on an as-needed basis in small quantities. This will include spare and replacement parts.  Equipment purchased may include, but not be limited to the following:



•
Controller components (modules, connectors, etc)



•
Load switches



•
Conflict monitors



•
Detector amplifiers



•
Flashers



•
Flash Transfer Relays



•
Harnesses



•
Electronic components needed to make repairs



•
Terminal blocks



•
Communication modems



25.1.1
A price list or catalog for miscellaneous traffic control parts,  shall be included in the proposal. Any discount offered shall be indicated. 


25.2
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METHOD of MEASUREMENT.  This Item is measured as a Lump Sum.  The value for this item is fixed as stated in the bid sheets and must be included by all bidders in calculating the total for  their proposal.


25.3
BASIS OF PAYMENT.  Payment for equipment ordered under this item shall be made according to the price list, less any discount offered.


4.  2070 CONTROLLER
26

seq level1 \h \r0 
ITEM 26. 2070 CONTROLLER


GLOSSARY


26.1

Wherever the following terms or abbreviations are used, the intent and meaning shall be interpreted as follows:





A

-
Ampere





AC

-
Alternating Current





AC+

-
120 Volts AC, 60 hertz ungrounded power source





AC-

-
120 Volts AC, 60 hertz grounded return to the power 
source





ACIA

-
Asynchronous Communications Interface Adapter Device





ANSI

-
American National Standard Institute





ASCII

-
American Standard Code for Information Interchange





Assembly
-
A complete machine, structure or unit of a machine that was manufactured by fitting together parts and/or modules





ASTM

-
American Society for Testing and Materials





ATMS

-
Advanced Transportation Management System





AWG

-
American Wire Gage





C

-
Celsius





C Language
-
The ANSI C Programming Language





Cabinet
-
An outdoor enclosure generally housing the controller unit 
and associated equipment





Certificate of
-
A certificate signed by the  manufacturer of the





Compliance

material or the manufacturer of assembled materials stating that the materials involved comply in all respects with the requirements of the specifications





Channel
-
An information path from a discrete input to a discrete 
output





CIA

-
 Controller Isolation Assembly





CIP

-
 Interface Panel





CMOS

-
Complementary Metal Oxide Semiconductor







-
Changeable Message Sign





Component
-
Any electrical or electronic device





Contractor (*)
-
The person or persons, manufacturer, firm,  partnership, corporation, vendor or combination thereof, who have entered into a contract with the STATE, as party (s) of the second part or legal representative





Controller Unit  -
That portion of the controller assembly devoted to the operational control of the logic decisions programmed into the assembly





CPU

-
Central Processing Unit





CR

-
ACIA Control Register





CRC

-
Cyclic Redundancy Check





DAT Program
-
The STATE Department of Transportation's Diagnostic and Acceptance Test Program





dB

-
Decibel





dBa

-
Decibels above reference noise, adjusted





DC

-
Direct Current





DIN

-
Deutsche Industrie Norm





DMA

-
Direct Memory Access





DTA

-
Down Time Accumulator





EG

-
Equipment Ground





EIA

-
Electronic Industries Association





EMI

-
Electro Magnetic Interference





EPROM
-
Ultraviolet Erasable, Programmable, Read Only Memory Device





EEPROM
-
Electrically Erasable, Programmable, 
Read Only Memory Device





Equal

-
Connectors: comply to physical dimensions, contact material, plating and method of connection. Devices: conforming to function, pin out, electrical and operating parameter requirements,  access times and interface parameters of the specified device  





ETL

-
Electrical Testing Laboratories, Inc.





Firmware
-
A computer program or software stored 
permanently in 
PROM, 
EPROM, ROM or semi-permanently in EEPROM





FLASH
-
A +5 VDC powered IC Memory Device with nonvolatile, electrically erasable, programmable, 100K read/write minimum cycles and fast access time features





FPA

-
Front Panel Assembly





HEX

-
Hexadecimal





Hz

-
Hertz





IC

-
Integrated Circuit





I.D.

-
Identification





IEEE

-
Institute of Electrical and Electronics Engineers





ISO

-
International Standards Organization





Jumper
-
A means of connecting/disconnecting two or more conductive points by soldering/desoldering a conductive wire or by PCB post jumper 





KB

-
Kilobytes 





Laboratory
-
The established laboratory of the STATE or other laboratories authorized by the STATE to test materials involved in the contract





LED

-
Light Emitting Diode





LDA

-
 Lamp Driver Assembly





LDM

-
 Lamp Driver Module





LMM

-
Lamp Matrix Module





LOGIC
-
Negative Logic Convention (Ground True) State





LSB (*)
-
Least Significant Byte





lsb (*)

-
Least Significant Bit





MSB (*)
-
Most Significant Byte





msb (*)
-
Most Significant Bit





m

-
Milli





MCU/MPU/
-
Micro Controller Unit, Microprocessor Unit, or Integrated IMP Multi-protocol Processor





MIL

-
Military Specifications





MODEM
-
Modulation/Demodulation Unit





Module
-
A functional unit that plugs into an assembly





Motherboard
-
A printed circuit connector interface board with no active or passive components





MOS

-
Metal-Oxide Semiconductor





MOV

-
Metal-Oxide Varistor





MS

-
Military Standards





M/170

-
Program Module/Model 170 Controller Unit Connector





M/170E
-
Model 170E Auxiliary Board Connector





N

-
Newton: SI unit of force





N.C.

-
Normally closed contact





N.O.

-
Normally open contact





NA

-
Presently Not Assigned.  Cannot be used by the contractor for other purposes





NEMA

-
National Electrical Manufacturer's Association





NETA

-
National Electrical Testing Association, Inc.





n

-
nano





NLSB (*)
-
Next Least Significant Byte





nlsb (*)
-
Next Least Significant Bit





NMSB (*)
-
Next Most Significant Byte





nmsb (*)
-
Next Most Significant Bit





PCB

-
Printed Circuit Board





PDA

-
Power Distribution Assembly





PLA/PAL
-
Programmable Array Logic Device





ppm

-
Parts per million





PWM

-
Pulse Width Modulation





RAM

-
Random Access Memory





RDR

-
ACIA Receiver Data Register





RF

-
Radio Frequency





RMS

-
Root-Mean-Square





ROM

-
Read Only Memory Device





RTC

-
Model 170E Controller Unit Real Time Clock.  This circuitry provides a 170E CPU IRQ Interrupt pulse clocked off local power company's line frequency every 16.67 ms.





RTCA

-
Real Time Clock Adjuster Circuitry





RTS

-
Request to Send





R/W

-
Model 170E Controller Unit Read/Write Control Line





SCI

-
Serial Communications Interface





SDLC

-
Synchronous Data Link Control





S (*)

-
Logic State





s

-
second





Second
-
Produced by more than one manufacturer Sourced





SR

-
ACIA Status Register





SRAM

-
Static Random Access Memory Device





STATE
-
State of California  or other government purchasing agency





SW

-
Switch





TB

-
Terminal Block





TDR

-
ACIA Transmit Data Register





TOD

-
Time Of Day Clock





Triac

-
Silicon-Controlled Rectifier which controls power bilaterally in an AC switching circuit





TTL

-
Transistor-Transistor Logic





Thumb Screw
-
(TSD ) A retractable screw fastener with projecting Device (*)stainless steel screw, spring and natural aluminum knob finish.  (TSD No.2 shall be flat black.)








TSD No.1 - 8-32 SOUTHCO #47-62-301-20 or equal.








TSD No.2 - 8-32 SOUTHCO #47-62-301-60 or equal.








TSD No.3 - M3 SOUTHCO #47-82-101-10 or equal.





u

-
Micro





UL

-
Underwriter's Laboratories, Inc.





VAC

-
Voltage Alternating Current





VDC

-
Voltage Direct Current





VMA

-
Valid Memory Address





VME

-
Versa Module Eurocard, VMEbus Standard IEEE P1014/D1.2





x (*)

-
Number Value





XX

-
Manufacturer's Option





WDT

-
Watchdog Timer: A monitoring circuit, external to the device watched, which senses an Output Line from the device and reacts


26.2 - GENERAL



26.2.1
All equipment furnished under these specifications shall be of the solid-state design.  Use of vacuum or gaseous tubes or electro-mechanical devices within the equipment is not acceptable.



26.2.2
Model 2070 Controller Unit
-  Model 2070-1  CPU Module








-  Model 2070-2  Field I/O Module








-  Model 2070-3  Front Panel Assembly








-  Model 2070-4  Power Supply








-  Model 2070-5  VME Cage Assembly








-  Model 2070-6  Serial Comm/Modem Module








-  Model 2070-7  Async Serial Comm Module



26.2.3
DOCUMENTATION




26.2.3.1
Two copies of Manual Documentation shall be supplied for each item purchased. The manual shall be bound in durable covers made of either 65-pound stock paper or clear plastic.  The manual shall be printed on 215.9 mm by 279.4 mm paper, with the exception that schematics, layouts, parts lists and plan details may be on 279.4 mm by 431.8 mm sheets, with each sheet neatly folded to 215.9 mm by 279.4 mm size.  Manual text font shall be HELVETICA BOLD.  Text characters shall be no more than 10 characters per 25.4 mm and 7 lines per 25.4 mm, with the exception of schematic text, which shall be no more than 18 characters per 25.4 mm and 11 lines per 25.4 mm.




26.2.3.2
Each manual shall include the following parts in the order listed:






1.
Table of Contents






2.
Glossary






3.
General Description






4.
General Characteristics






5.
Installation






6.
Adjustments






7.
Theory of Operation







a.
Systems Description (include block diagram).







b.
Detailed Description of Circuit Operation.






8.
Maintenance







a.
Preventive Maintenance.







b.
Trouble Analysis.







c.
Trouble Shooting Sequence Chart.







d.
Wave Forms.







e.
Voltage Measurements.







f.
Alignment Procedures.






9.
Parts List (include circuit and board designation, part type and class, power rating, component manufacturer, mechanical part manufacturer, data specification sheets for special design components and original manufacturer's part number).  






10.
Electrical Interconnection Details & Drawings.






11.
Schematic and Logic Diagram






12.
Assembly Drawings and a pictorial diagram showing physical locations and identification of each component or part.






13.
The date, serial numbers and revision numbers of equipment covered by the manuals shall be printed on the front cover of the manuals.




26.2.3.3
Prior to final printing, a preliminary draft of all manuals shall be submitted to the Department for approval.



26.2.4
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PACKAGING -   Each item delivered shall be individually packed in its own shipping container.  When loose styrofoam is used for packing the item, the item shall be sealed in a plastic bag to prevent direct contact with the styrofoam.



26.2.5
DELIVERY -  Each item delivered for testing shall be complete, including manuals, and ready for testing. 



26.2.6
METALS



26.2.7
ALUMINUM




26.2.7.1
Sheet shall be 3.175 mm (0.125-inch) minimum thick Type 3003-H14 or Type 5052-H32 ASTM Designation B209 aluminum alloy. 




26.2.7.2
Rod, Bar and Extruded shall be Type 6061-T6, or equal.



26.2.8
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STAINLESS STEEL -  Sheet shall be annealed or one-quarter-hard complying with the ASTM Designation: A666 for Type 304, Grades A or B, stainless steel sheet.



26.2.9
COLD ROLLED STEEL




26.2.9.1
Sheet, Rod, Bar and Extruded shall be Type 1018/1020. 




26.2.9.2
Plating -  All cold roll steel shall be plated.  All plating shall be either cadmium plating meeting the requirements of Federal Specification QQ-P-416C, Type 2 Class l or zinc plating meeting the requirements of ASTM B633-85 Type II SC4.




26.2.9.3
All sharp edges and corners shall be rounded.




26.2.9.4
All bolts, nuts, washers, screws (size 8 or larger), hinges and hinge pins shall be stainless steel unless otherwise specified.


26.3

seq level2 \h \r0 

seq level3 \h \r0  - COMPONENTS



26.3.1
All components shall be second sourced and shall be of such design, fabrication, nomenclature, or other identification as to be purchased from a wholesale distributor or from the component manufacturer, except as follows:



26.3.2
When a component is of such special design that it precludes the purchase of identical components from any wholesale distributor or component manufacturer, one spare duplicate component shall be furnished with each 20, or fraction thereof, components used.



26.3.3
The electronic circuit design shall be such that all components of the same generic type, regardless of manufacturer, shall function equally in accordance with the specifications.



26.3.4
ELECTRONIC COMPONENTS




26.3.4.1
No device shall be socket mounted on the PCBs unless called out under the individual chapter.




26.3.4.2
No component shall be operated above 80% of its maximum rated voltage, current or power ratings.  Digital components shall not be operated above 3% over their nominal voltage, current or power ratings.




26.3.4.3
No component shall be provided where the manufactured date is 2 years older than the contract award date.  The design life of all components, operating for 24 hours a day and operating in their circuit application, shall be 10 years or longer.




26.3.4.4
Encapsulation of 2 or more discrete components into circuit modules is prohibited, except for transient suppression circuits, resistor networks, diode arrays, solid- state switches, optical isolators and transistor arrays.  DC regulator circuits and/or power circuits shall not be encapsulated.




26.3.4.5
Except as specified above, all discrete components, such as resistors, capacitors, diodes, transistors, optical isolators, silicon-controlled rectifiers, triacs and integrated circuits shall be individually replaceable.  Components shall be arranged so they are easily accessible and identifiable for testing and maintenance.




26.3.4.6
The Contractor shall submit detailed engineering technical data on all components at the request of the Department.  A letter from the component manufacturer shall be submitted with the detailed engineering data when the proposed application of the component alters the technical data.  The letter shall certify that the component application meets specification requirements.




26.3.4.7
Any component that may be damaged by shock or vibration shall be supported mechanically by a clamp, fastener, retainer, hold-down bracket, etc.



26.3.5
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CAPACITORS




26.3.5.1
The DC and AC voltage ratings as well as the dissipation factor of a capacitor shall exceed the worst-case design parameters of the circuitry by 150%.




26.3.5.2
Capacitor encasements shall be resistant to cracking, peeling and discoloration.




26.3.5.3
All capacitors shall be insulated and shall be marked with their capacitance values and working voltages.




26.3.5.4
Electrolytic capacitors shall not be used for capacitance values of less than 1.0 microfarad and shall be marked with polarity.



26.3.6
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POTENTIOMETERS




26.3.6.1
Potentiometers with ratings from 1 to 2 watts shall meet Military Type RV4.




26.3.6.2
No potentiometers less than 1 watt rating shall be used (except for trimmer type function).




26.3.6.3
The power rating of any potentiometer shall be at least 100% greater than the maximum power requirements of the circuit.



26.3.7
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RESISTORS




26.3.7.1
Fixed carbon film, deposited carbon, or composition insulated resistors shall conform to the performance requirements of Military Specifications MIL-R-11F or MIL-R-22684.




26.3.7.2
All resistors shall be insulated and shall be marked with their resistance values.  Resistance values shall be indicated by the EIA color codes, or stamped value (power resistor). 




26.3.7.3
Resistors shall be 5% or less tolerance.




26.3.7.4
The value of the resistors shall not vary by more than 5% between -37 degrees C and 74 degrees C.




26.3.7.5
Resistors that have a rating exceeding 2 watts shall be provided with special ventilation or heat sinking.  They shall be insulated from the PCB.



26.3.8
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SEMICONDUCTOR DEVICES




26.3.8.1
All solid-state devices, except LED's, shall be of the silicon type.




26.3.8.2
All transistors, integrated circuits, and diodes shall be a standard type listed by EIA and clearly identifiable.




26.3.8.3
All metal oxide semiconductor components shall contain circuitry to protect their inputs and outputs against damage due to high static voltages or electrical fields.




26.3.8.4
Integrated circuit device pin "1" locations shall be properly marked on the PCB adjacent to the pin.



26.3.9
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TRANSFORMERS AND INDUCTORS




26.3.9.1
All power transformers and inductors shall have the manufacturer's name or logo and part number clearly and legibly printed on the case or lamination.




26.3.9.2
All transformers and inductors shall have their windings insulated and shall be protected to exclude moisture.




26.3.9.3
All transformer and inductor leads shall be color coded with an approved EIA color code or identified in a manner to facilitate proper installation.



26.3.10
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TRIACS




26.3.10.1
Each triac shall be mounted to a heat sink with a machine screw and nut with integral lockwasher.




26.3.10.2
Triacs shall not be mounted to a heat sink where the designed circuit load is 0.5 Amperes or less at 120 VAC.



26.3.11
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CIRCUIT BREAKERS & FUSES 




26.3.11.1
Circuit breakers shall be listed as defined in the National Electric Code.  The trip and frame sizes shall be plainly marked (marked on the breaker by  the manufacturer), and the ampere rating shall be visible from the front of the breaker.  Contacts shall be silver alloy and enclosed in an arc quenching  chamber.  Overload tripping shall not be influenced by an ambient  air temperature range of from -18 degrees C to 50 degrees C.  The minimum Interrupting Capacity shall be 5,000 Amperes, RMS when the breaker is secondary to a UL approved fuse or primary circuit breaker and both breakers in concert provide the rated capacity.  For circuit breakers 80 amperes and above, the minimum interrupting capacity shall be 10,000 amperes, RMS.




26.3.11.2
Circuit breakers shall be the trip-free type with medium trip delay characteristic.




26.3.11.3
Multi-pole breakers shall be the trip-free type.




26.3.11.4
All fuses shall be 3AG type and resident (removable) in a holder.  Fuse size rating shall be labeled on the holder.



26.3.12
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SWITCHES




26.3.12.1
DIP -  Dual-inline-package, quick snap switch(es) shall be rated for a minimum of 30,000 operations per position at 50 ma, 30 VDC.  The switch contact resistance shall be 100 milliohms maximum at 2 ma, 30 VDC.  The contacts shall be gold over brass (or silver).  Contact for VAC or 28 VDC and shall be silver over brass (or equal).  The switch shall be rated for a minimum of 40,000 operations.




26.3.12.2
LOGIC -  The switch contacts shall be rated for a minimum of one ampere resistive load at 120 VAC and shall be silver over brass (or equal).  The switch shall be rated for a minimum of 40,000 operations.




26.3.12.3
CONTROL -  The switch contacts shall be rated for a minimum of five ampere resistive load at 120 VAC or 28 VDC and shall be gold over brass (or equal).  The switch shall be rated for a minimum of 40,000 operations.  




26.3.12.4
POWER -  Ratings shall be the same as CONTROL, except the contact rating shall be a minimum of ten amperes at 125 VAC.




26.3.12.5
TERMINAL BLOCKS -  Unless otherwise specified in these specifications, the terminal blocks shall be barrier type rated at 20 amperes and 600 VAC RMS minimum.  The terminal screws shall be 7.938 mm (0.3125 inch) minimum length nickel plated brass binder head type with screw inserts of the same material.  Screw size is called out under the associated file, panel or assembly.



26.3.13
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WIRING, CABLING AND HARNESSES




26.3.13.1
Harnesses shall be properly bundled and tie-wrapped with external protection.




26.3.13.2
Each Harness shall be of adequate length to allow any conductor to be connected properly to its associated connector or termination point.




26.3.13.3
Harnesses shall be neat, firm and routed to minimize crosstalk and electrical interference.




26.3.13.4
Wiring containing AC shall be bundled separately or shielded separately from all DC logic voltage control circuits.




26.3.13.5
Wiring shall be routed to prevent conductors from being in contact with metal edges.  Wiring shall be arranged so that any removable assembly may be removed without disturbing conductors not associated with that assembly.




26.3.13.6
All conductors shall conform to MIL-W-16878E/1 or better and shall have a minimum of 19 strands of copper. The insulation shall be polyvinyl chloride with a minimum thickness of 10 mils or greater.  Where insulation thickness is 15 mils or less, the conductor shall conform to MIL-W-16878/17.




26.3.13.7
The grounded conductors of AC circuits (Neutral) shall be identified by a white color.




26.3.13.8
The equipment grounding conductors shall be identified by a solid green color or by a continuous green color with 1 or more yellow stripes.




26.3.13.9
The DC logic ground conductors shall be identified by a continuous white color with a red stripe.




26.3.13.10
The ungrounded AC+ conductors shall be identified by a continuous black color or black with colored stripe.




26.3.13.11
The DC logic ungrounded or signal conductors shall be identified by any color not specified by the above.



26.3.14
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INDICATORS AND CHARACTER DISPLAYS




26.3.14.1
GENERAL -  All indicators and character displays shall be readily visible at a radius of up to 1.2 m (4 feet) within the cone of visibility when the indicator is subjected to 97,000 lux (9,000 footcandles) of white light with the light source at 45 +/-2 degrees to the front panel.




26.3.14.2
INDICATORS -  All indicators and character displays shall have a minimum 90 degrees cone of visibility with its axis perpendicular to the panel on which the indicator is mounted.  All indicators shall be self-luminous.  All indicators shall have a 



26.3.15
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LEDs




26.3.15.1
Each LED shall be white or clear when off and red when on.




26.3.15.2
Indicators supplied on equipment requiring handles shall be mounted such that a horizontal clearance of 15 degrees minimum shall be provided for Models 208, 210, 212, 222, 232, 242 and 252, as well as a clearance of 30 degrees minimum for Models 200, 204 and 206.




26.3.15.3
CHARACTER DISPLAYS -  Liquid Crystal Displays (LCD) shall operate at temperatures of -20 degrees C to +70 degrees C.



26.3.16
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CONNECTORS




26.3.16.1
GENERAL





26.3.16.1.1
All connectors shall be keyed to prevent improper insertion of the wrong connector.





26.3.16.1.2
The TYPE T Connector shall be a single row, 10 position, feed through terminal block.  The terminal block shall be a barrier type with 6-32, 6.35 mm (0.25 inch), or longer, nickel plated brass binder head screws.  Each terminal shall be permanently identified as to its function.





26.3.16.1.3
The mating connectors shall be designated as the connector number and male/female relationship, such as C1P (plug or PCB edge connector) and C1S (socket).




26.3.16.2
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CONNECTORS CA, CB, CC, CD, CE, CF, C7, C1, C2, C4, C5, C6, C7, C8, C9, C10, C11, C20, C30 & C40.





26.3.16.2.1 (*)
Pin and socket contacts for Connectors shall be beryllium copper construction subplated with 0.00127 mm (0.00005 inch) nickel and plated with 0.00076 mm (0.00003 inch) gold.  Pin diameter shall be 1.57 mm (0.062 inch). Connectors shall have the following number of contacts:






CA, CB, C5, C6

- 24 Contacts






CC



- 50 Contacts






CD, CE (1 through 5), CF






C4, C7, C8, C9 & C11 
- 37 Contacts






C10 



- 16 Contacts (17-16 type)






C1



- 104 Contacts






C2, C20, C30, C40

- 14 Contacts





26.3.16.2.2
All pin and socket connectors shall use the AMP #601105-1 or #91002-1 contact insertion tool and the AMP #305183 contact extraction tool.





26.3.16.2.3 (*)
Connectors C1, C2, C20, C30,  C40 & CC blocks shall be constructed of phenolic or equal and shall have a minimum insulation resistance of 5,000 megohms.  The contacts shall be secured in the blocks with stainless steel springs.





26.3.16.2.4 (*)
Connectors C1, C2, CC, C20, C30 & C40 corner guides shall be stainless steel.  The guide pins shall be 27.86 mm (1.097 inches) in length and the guide sockets 15.88 mm (0.625 inch) in length.





26.3.16.2.5
Connectors C4, C5, C6, C7, C8, C9, C10, C11, CA, CB, CD, CE & CF shall be circular plastic type with quick connect/disconnect capability and thread assist, positive detent coupling.  The connectors shall be UL listed Glass Filled Nylon, 94 V-I Rated, heat stabilized, fire resistant.





26.3.16.2.6 (*)
Connector C1 S and P Blocks shall be fastened together by a Tee handle screw/receptacle.  Connector CC blocks shall be fastened together by turnable jackscrews/receptacles.




26.3.16.3
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CARD EDGE & TWO-PIECE PCB CONNECTORS





26.3.16.3.1
PCB edge connectors shall have bifurcated gold plated contacts.





26.3.16.3.2
The PCB receptacle connector shall meet or exceed the following:






Operating Voltage:
600 VAC (RMS) at sea level






Current Rating:
5.0 amperes






Insulation Material:
Diallyl Phthalate or Thermoplastic






Insulation Resistance:
5,000 megohms, minimum






Contact Material:
Copper alloy plated with 0.00127 mm









(0.00005 inch) of nickel and 0.000381 mm (0.000015 inch) of gold






Contact Resistance:
0.006 ohm maximum





26.3.16.3.3
The two-piece PCB connector shall meet or exceed the DIN 41612.





26.3.16.3.4
The PCB 22/44 Connector shall have 22 independent contacts per side, dual sided with 3.96 mm (0.156 inch) contact centers.





26.3.16.3.5
The PCB 28/56 Connector shall have 28 independent contacts per side, dual sided with 3.96 mm (0.156 inch) contact centers.





26.3.16.3.6
The PCB 36/72 Connector shall have 36 independent contacts per side, dual sided with 2.54 mm (0.100 inch) contact centers. 





26.3.16.3.7
The PCB 43/86 Connector shall have 43 independent contacts per side, dual sided with 2.54 mm (0.100 inch) contact centers.




26.3.16.4
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WIRE TERMINAL CONNECTORS





26.3.16.4.1
Each wire terminal shall be solderless.





26.3.16.4.2
Each wire terminal shall have a PVC insulator.





26.3.16.4.3
Each wire terminal shall be a short locking spade type.





26.3.16.4.4
When a ring type is specified, it shall be a heavy duty type.





26.3.16.4.5
All terminal connectors shall be crimped using a Controlled-Cycle type crimping tool.




26.3.16.5
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FLAT CABLE CONNECTORS





26.3.16.5.1
Each flat cable connector shall be designed for use with 26 AWG cable; shall have dual cantilevered phosphor bronze contacts plated with 508 nm of gold over 1270 nm of nickel;  and shall have a current rating of 1 A min. and an insulation resistance of 5 megohms (min.).




26.3.16.6
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PCB HEADER POST CONNECTORS





26.3.16.6.1
Each PCB header post shall be 1.0 mm square by 8.7 mm high; shall be mounted on 4.0 mm centers; and shall be tempered hard brass plated with 381 nm of gold over 1.270 mm of nickel.




26.3.16.7
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PCB HEADER SOCKET CONNECTORS





26.3.16.7.1
Each PCB header socket block shall be nylon or diallyl phthalate.





26.3.16.7.2
Each PCB header socket contact shall be removable, but  crimp-connected to its conductor. The Contractor shall list the part number of the extraction tool recommended by its manufacturer.





26.3.16.7.3
Each PCB header socket contact shall be brass or phosphor bronze plated with 762 nm of gold over 1270 nm of nickel.



26.3.17
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SURGE PROTECTION DEVICE -  A three-electrode gas tube type that is capable of withstanding 15 pulses of peak current each of which will rise in 8 us and fall in 20 us to 0.5 of the peak voltage at 3-minute intervals.  Peak current rating shall be 20,000 amperes.  It shall have the following ratings:





IMPULSE BREAKDOWN:
Less than 1,000 volts in less than 0.1 us at 10 KV/us.





STANDBY CURRENT:
Less than 1 ma.





STRIKING VOLTAGE:
Greater than 212 volts.


26.4
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26.4.1
ASSEMBLIES AND PCB DESIGN




26.4.1.1
Assemblies -  All assemblies shall be modular, easily replaceable and incorporate plug-in capability for their associated devices or PCBs with the following exceptions:






The cabinet power supply.






Mother board assemblies.






The power supply for the Model 170E may be a plug-in assembly.




26.4.1.2
Assemblies shall be provided with 2 guides for each plug-in PCB or associated device (except relays).  The guides shall extend to within 19.05 mm (0.75 inch) from the face of either the socket or connector and front edge of the assembly.  If Nylon guides are used, the guides shall be securely attached to the file or assembly chassis.




26.4.1.3
PCB -  No components, traces, brackets or obstructions shall be within 3.175 mm (0.125 inch) of the board edge (guide edges). 




26.4.1.4
The manufacturer's name or logo, model number, serial number, and circuit issue or revision number shall appear and be readily visible on all items.  Placement of this information for  modules such as the Model 208 & 210 Monitor Units, Model 212 HAR Flash/Timer Module, Model 400  MODEM,  Model 412C Program Module shall be on the PCB.




26.4.1.5
Devices to prevent PC Board from backing out of their assembly connectors shall be provided.



26.4.2
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MODEL NUMBERS -  The manufacturer's model number, serial number, and circuit issue or revision number shall appear on the rear panel of all equipment  and modules supplied.  In addition to any assignment of model numbers by the manufacturer, a model number assigned in the table below shall be displayed on the front panel in bold type, at least 6.35 mm (0.25 inch) high.




MODEL #

TITLE



402


SUPPORT ASSEMBLY




412C


PROGRAM MODULE




2070


CONTROLLER UNIT




26.4.3
All PCB connectors mounted on a motherboard shall be mechanically secured to the chassis or frame of the unit.



26.4.4
All screw type fasteners shall utilize locking devices or locking compounds except for finger screws, which shall be captive.



26.4.5
WORKMANSHIP -  Workmanship shall conform with the requirements of this specification and be in accordance with the highest industry standards.



26.4.6
TOLERANCES -  The following tolerances shall apply, except as specifically shown on the plans or in these specifications:




Sheet  Metal

+/-   1.334 mm (0.0525 inch)




PCB


+0, - 0.254 mm (0.010 inch)




Edge Guides

+/-   0.381 mm (0.015 inch)


26.5
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26.5.1
HUMAN ENGINEERING




To the highest practicable degree, the unit shall be engineered for simplicity and ease of operation and maintenance.  This shall include the following:



26.5.2
No more than 2 potentiometers, controls or switches may be mounted concentrically.  Knobs for such devices shall have diameters in a ratio of 2:1 outer to inner.  The outer knob shall have a diameter of at least 25.4 mm (1 inch).



26.5.3
Knobs shall be of large enough diameter (at least 12.7 mm [0.5 inch] diameter) and of great enough separation (at least 12.7 mm [0.5 inch] edge to edge) to assure ease of adjustment without disturbance of adjacent knobs.



26.5.4
All fuses shall be easily accessible and shall be replaceable without the use of any tools.



26.5.5
PCBs shall slide smoothly in their guides while being inserted into or removed from the frame and shall fit snugly into the plug-in PCB connectors.



26.5.6
PCBs shall require a force no less than 22.24 N (5 pounds) or greater than 222.4 N (50 pounds) for insertion or removal.



26.5.7
DESIGN ENGINEERING




26.5.7.1
The following engineering practices shall be employed in the design of solid- state equipment circuitry:





26.5.7.1.1
The design shall be inherently temperature compensated to prevent abnormal operation.  The circuit design shall include such compensation as is necessary to overcome adverse effects due to temperature in the specified environmental range.





26.5.7.1.2
For reasons of personal safety, personnel shall be protected from all dangerous voltages.



26.5.8
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GENERATED NOISE -  No item, component or subassembly shall emit a noise level exceeding the peak level of 55 dBa when measured at a distance of one meter away from its surface, except as otherwise noted.




26.5.8.1
No item, component or subassembly shall emit a noise level sufficient to interfere with processing and communication functions of the controller circuits.


26.6
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26.6.1
Design, Fabrication and Mounting




26.6.1.1
All contacts on PCBs shall be plated with a minimum thickness of 0.000763 mm (0.000030 inch) gold over a minimum thickness of 0.001905 mm (0.000075 inch) nickel.




26.6.1.2
PCB design shall be such that components may be removed and replaced without damage to boards, mounted components, conductive traces or tracks.




26.6.1.3
Fabrication of PCBs shall be in compliance with Military Specification MIL-P-13949, except as follows:




26.6.1.4
Only NEMA FR-4 glass cloth base epoxy resin copper clad laminates 1.590 mm (0.0626 inch) minimum thickness shall be used.  Unless otherwise specified in these specifications, inter-component wiring shall be by laminated copper clad track having a minimum weight of 0.556 N kilogram per square meter (2 ounces per square foot) with adequate cross section for current to be carried.  All copper tracks shall be plated or soldered to provide complete coverage of all exposed copper tracks.  Jumper wires shall not be permitted, except from plated-through padded holes to an external component not on PCB and as short as possible.




26.6.1.5
Section 3.3 of Military Specification MIL-P-13949G shall read "Pits and Dents.  Grade of Pits and Dents shall be of Grade B quality (3.5.1.3) or better."




26.6.1.6
Section 3.3 of Military Specification MIL-P-13949G shall read "Bow or Twist.  Class of permissible bow or twist shall be Class C (Table V) or better."




26.6.1.7
Section 3.4 of Military Specification MIL-P-13949 shall read "Warp or Twist.  Class of permissible warp or twist shall be Class A (Table II) or better."




26.6.1.8
Sections 4.2 through 6.6 of Military Specification MIL-P-13949G (inclusive) shall be omitted except as referenced in previous sections of this specification.




26.6.1.9
The fabrication of PCBs and the mounting of parts and assemblies thereon shall conform to Military Specification MIL-STD-275E, except as follows:





26.6.1.9.1
All semiconductor devices required to dissipate more than 250 mW or any case temperature that is 10 degrees C above ambient shall be mounted with spacers, transipads or heat sinks to prevent direct contact with the PCB.





26.6.1.9.2
When completed, all residual flux shall be removed from the PCB.





26.6.1.9.3
The resistance between any 2 isolated, independent conductor paths shall be at least 100 megohms when a 500 VDC potential is applied.





26.6.1.9.4
All PCBs shall be coated with a moisture resistant coating.





26.6.1.9.5
Where less than 6.35 mm (0.25 inch) lateral separation is provided between the PCB (or the components of a PCB) and any metal surface, a 0.79375 (+/-0.39624) mm [0.03125 (-0.0,+0.0156) inch] thick Mylar (polyester) plastic cover shall be provided on the metal to protect the PCB.




26.6.1.10
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Each PCB connector edge shall be chamfered at 30 degrees from board side planes.  The key slots shall also be chamfered so that the connector keys are not extracted upon removal of board or jammed upon insertion.  The key slots shall be 1.143 (+/- 0.127) mm [0.045 (+/-0.005) inch] for 2.54 mm (0.1 inch) spacing and 1.40 (+/- 0.127) mm [0.055 (+/-0.005) inch] for 3.96 mm (0.156 inch) spacing.



26.6.2
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SOLDERING




26.6.2.1
Hand soldering shall comply with Military Specification MIL-STD-2000.




26.6.2.2
Automatic flow soldering shall conform to the following conditions:





26.6.2.2.1
Constant speed conveyor system.





26.6.2.2.2
Conveyor speed shall be the optimum to minimize solder peaks or points which form at component terminals.





26.6.2.2.3
Temperature shall be controlled to within +/- 8 degrees C of the optimum temperature.





26.6.2.2.4
The soldering process shall result in the complete coverage of all copper runs, joints and terminals with solder except that which is covered by an electroplating process.





26.6.2.2.5
Wherever clinching is not used, a method of holding the components in the proper position for the flow process shall be provided.





26.6.2.2.6
If exposure to the temperature bath is of such a time-temperature duration, as to come within 80% of any component's maximum specified time-temperature exposure, that component shall be hand soldered to the PCB after the flow process has been completed.



26.6.3
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DEFINITIONS -  Definitions for the purpose of this section on PCBs shall be taken from MIL-P-55110D Section 3.3 and any current addendum.


26.7
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The following measures shall be taken by the contractor during the production process to ensure a high standard of quality.



26.7.1
COMPONENTS -  All components shall be lot sampled to assure a consistent high conformance standard to the design specification of the unit.



26.7.2
SUBASSEMBLY OR MODULE




26.7.2.1
Complete electrical testing shall be performed on each module, printed circuit or subassembly to determine its compliance to the manufacturer's design function.




26.7.2.2
Housing, chassis, and connection terminals shall be inspected for mechanical sturdiness, and harnessing to sockets shall be electrically tested for proper wiring sequence.



26.7.3
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UNITS




26.7.3.1
The completely assembled unit shall be subjected to a full environmental cycling and timing test.




26.7.3.2
The unit shall be visually and physically inspected to assure proper placement, mounting, and compatibility of subassemblies.



26.7.4
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PREDELIVERY REPAIR




26.7.4.1
The procedures listed below shall be followed in repair of equipment before shipment.




26.7.4.2
Any defects or deficiencies found by the inspection system involving mechanical structure or wiring shall be returned through the manufacturing process or special repair process for correction.




26.7.4.3
Defects in PCBs or electronic circuit components shall be specially treated as follows:





26.7.4.3.1
A PCB may be flow soldered a second time if copper runs and joints are not satisfactorily coated on the first run.





26.7.4.3.2
Under no circumstances shall a PCB be flow soldered more than twice.





26.7.4.3.3
Hand soldering may be used for printed circuit repair.


26.8
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seq level4 \h \r0  28.8 - ELECTRICAL, ENVIRONMENTAL AND TESTING REQUIREMENTS



26.8.1
GENERAL




26.8.1.1
The general procedures and equipment used in the evaluation of the Traffic Electrical Equipment are a minimum guide and shall not limit the testing and inspection to insure compliance of the equipment with these specifications.




26.8.1.2
These test procedures shall be followed by the Contractor who shall certify that he/she has conducted inspection and testing in accordance with these specifications.



26.8.2
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INSPECTION -  A visual and physical inspection shall include mechanical, dimensional and assembly conformance of all parts of these specifications which can be checked visually or manually with simple measuring devices.



26.8.3
ENVIRONMENTAL -  All components shall properly operate within the following limits unless otherwise noted:




26.8.3.1
Ambient Temperature:  -37 degrees C to +74 degrees C




26.8.3.2
Humidity:  5 to 95 percent




26.8.3.3
The relative humidity and ambient temperature values in the following table shall not be exceeded.

	PRIVATE 
AMBIENT TEMPERATURE VERSUS RELATIVE HUMIDITY

AT BAROMETRIC PRESSURES (29.92 In. Hg.)

	Ambient Temperature/ 

Dry Bulb (in degrees C)
	
	Relative Humidity

(in percent)
	
	Ambient Temperature/

Wet Bulb (in degrees C)

	-37.0 to 1.1

1.1. to 46.0

48.8

54.5

60.0

65.4

71.2

74.0
	
	10

95

70

50

38

28

21

18
	
	-17.2 to 42.7

42.7

42.7

42.7

42.7

42.7

42.7

42.7





26.8.3.4
Shock Test -  per Military Specification MIL-STD-810E Method 516.4.




26.8.3.5
Vibration -  per Military Specification MIL-STD-810E Method 514.4, equipment class G (Common Carrier).




26.8.3.6
Equipment shall comply only with the requirements of UL Bulletin of Research No. 23, "Rain Tests of Electrical Equipment."




26.8.3.7
All equipment shall continue normal operation when subjected to the following:





26.8.3.7.1
Low Temperature Test -  With the item functioning at a line voltage  of 90 VAC in its intended operation, the ambient temperature shall be lowered from 20 degrees C to -37 degrees C  at a rate of not more than 18 degrees C per hour.  The item shall be cycled at -37 degrees C for a minimum of 5 hours and then returned to 20 degrees C at the same rate.  The test shall be  repeated with the line voltage at 135 VAC.





26.8.3.7.2
High Temperature Test -  With the item functioning at a line voltage of 90 VAC in its intended operation, the  ambient temperature  shall be raised from 20 degrees C to 70 degrees C at a rate of not more than 18 degrees C per hour.  The item shall be cycled at 70 degrees C for 5 hours and then returned to 20 degrees C at the same rate.  The test shall be repeated with the line voltage at 135 VAC.





26.8.3.7.3
In concert with the Low Temperature Test, the controller units and other called out equipment shall be turned off after the 5-hour, -37 degree period for 30 minutes. The unit shall then be turned on and the Test continued.



26.8.4
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ELECTRICAL -  All components shall operate properly within the following limits:




26.8.4.1
Applied Line Voltage: 90 to 130 VAC




26.8.4.2
Frequency: 60 (+/-3.0) Hertz




26.8.4.3
All circuits, unless otherwise noted, shall commence operation at or below 90 VAC as the applied voltage is raised from 50 VAC to 90 VAC at a rate of 2 (+/-0.5) volts per second.




26.8.4.4
All equipment shall be unaffected by transient voltages normally experienced on commercial power lines.  Where applicable, equipment purchased separately from the cabinet will be tested for compliance with the equipment housed within a State Accepted Model 332 cabinet and the cabinet connected to the commercial power lines.




26.8.4.5
The power line surge protection shall enable the equipment being tested to withstand (nondestructive) and operate normally following the discharge of a 25 microfarad capacitor, charged to plus and minus 2,000 volts, applied directly across the incoming AC line at a rate of once every 10 seconds for a maximum of 50 occurrences per test.  The unit under test will be operated at 20 degrees (+/-5 degrees) C and at 120 (+/-12) VAC.




26.8.4.6
The equipment shall withstand (nondestructive) and operate normally when one discharge pulse of plus or minus 300 volts is synchronously added to its incoming AC power line and moved uniformly over the full wave across 360 degrees or stay at any point of Line Cycle once every second.  Peak noise power shall be 5 kilowatts with a pulse rise time of 500 ns.  The unit under test will be operated at 20 degrees (+/-5 degrees) C and at 120 (+/-12) VAC.




26.8.4.7
Within the circuit of any device, module or PCB, electrical isolation shall be provided between DC logic ground, equipment ground and the AC grounded conductor.  The DC logic ground and equipment ground shall be electrically isolated from the AC grounded conductor and from each other by 500 megohms, minimum, when tested at the input terminals with 500 VDC.




26.8.4.8
All equipment shall be capable of normal operation following opening and closing of contacts in series with the applied voltage at a rate of 30 openings and closings per minute for a period of 2 minutes in duration.




26.8.4.9
All equipment shall resume normal operation following a period of at least 5 hours at -37 degrees C and less than 10 percent humidity and at least 5 hours at 70 degrees C and 90 percent humidity, when 90 VAC is applied to the incoming AC.



26.8.5

seq level3 \h \r0 
CONTRACTOR'S TESTING CERTIFICATION




26.8.5.1
The Contractor shall supply with each shipment a full test report of the quality control and final test conducted on each item.  The test report shall indicate the name of the tester and shall be signed by a responsible manager.




26.8.5.2
The Contractor shall submit his/her quality control procedure and format of test reports to the Department for approval within 15 days following the approval of the contract.




26.8.5.3
The quality control procedure shall include the following:





26.8.5.3.1
Acceptance testing of all supplied components.





26.8.5.3.2
Physical and functional testing of all modules and items.





26.8.5.3.3
A minimum 100-hour burn-in of all equipment.





26.8.5.3.4
Physical and functional testing of all items.


26.9
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SPECIFICATIONS FOR MODEL 2070 ATMS CONTROLLER UNIT



26.9.1
The 2070 UNIT shall be delivered in the following configuration:  




UNIT CHASSIS




MODEL 2070-1 CPU MODULE




MODEL 2070-2 FIELD I / O MODULE (FI/O)




MODEL 2070-3 FRONT PANEL ASSEMBLY (FPA)




MODEL 2070-4 POWER SUPPLY MODULE 




MODEL 2070-5 VME CAGE ASSEMBLY 




TWO (2) MODEL 2070 - 6 ASYNC/MODEM COMM MODULES



26.9.2
The composition weight shall not exceed 11.3 kilograms.



26.9.3
The CHASSIS Enclosure, Internal Structure Supports, Back plane Mounting Surface,  Module Plates,  Cover Plates,  Power Supply Enclosure and Front Panel shall be  made of 1.524 mm minimum Aluminum Sheet.



26.9.4(*)
2070 UNIT  Module/Assembly power limitations shall be as follows:

	PRIVATE 
Module
	
	+5 VDC Ser
	
	+12 VDC
	
	+12 VDC Ser
	
	-12 VDC

	2070-1 CPU

MCB

Trans Bd

2070-2 FI/O

2070-3 FPA

2070-5 VME*

2070-6 SerComm

2070-7 SerComm
	
	2.00A

1.50A

0.50A

1.00A

4.00A

0.05A

0.50A
	
	----

----

2.00A

----

----

----

----
	
	----

0.10A

0.20A

0.20A

0.30A

0.10A

0.10A
	
	----

0.10A

0.20A

0.20A

0.30A

0.10A

0.10A

	* available for VME Cage Assembly and 2070 Unit Expansion




26.9.5(*)
The EIA-422B & 485 Line Drivers/Receivers shall be CMOS devices and socket mounted.  A 100-Ohm Termination Resistor shall be provided across each Differential Line Receiver Input.  The MOTHERBOARD's control signals (e.g., SP1-RTS) shall be active, or asserted, when the positive terminal (e.g., SP1-RTS+) is a lower voltage than its corresponding negative terminal (e.g., SP1-RTS-).  A control signal is inactive when its positive terminal voltage is higher than its negative terminal.  Receive and transmit data signals shall be read as a "1" when the positive terminal's (e.g., SP1-TXD+) voltage is higher than its corresponding negative terminal (e.g., SP1-TXD-).  A data value is "0" when its positive terminal's (e.g., SP1-TXD+) voltage is lower than its negative terminal (e.g., SP1-TXD-).



26.9.6
Modules installed in Slots H1, H2 and H3 shall provide a DC Ground #1 on their Slot "Hx INSTALLED" Connector Pin.  



26.9.7
A Mean-Time-Between-Failure Analysis Report shall be provided.  It shall encompass the 2070 Unit (complete) and its individual modules / assemblies.  The report shall describe in detail the methodology used.



26.9.8(*)
All circuitry associated with the CPU / FCU EIA 485 Communications link shall capable of reliably passing a minimum of 1.0 megabits per second.



26.9.9(*)
Sockets for devices (called out to be socket mounted) shall be "xx" pin AUGAT 500/800 series AG10DPC or equal



26.9.10
THE MODEL 2070-1 CPU MODULE shall consist of the following:





Main Controller Board





Transition Board





Board Interface Harness





CPU Module Software



26.9.11
MAIN CONTROLLER BOARD (MCB)




26.9.11.1
The MCB shall be VME-3U compliant and have 24 address lines and 16 data lines; Master & Slave bus interface; Multi-Level VMEbus Arbiter; and FAIR VMEbus Requester.




26.9.11.2(*)
The CONTROLLER Device  shall be a Motorola MC68360 or equal clocked at 24.576 MHz minimum.  The Interrupts shall be configured as follows:






Level  7 - VME bus IRQ7, ACFAIL, SYSFAIL






Level  6 - VME bus IRQ6






Level  5 - VME bus IRQ5






Level  4 - VME bus IRQ4, CPU Module Counters / Timers,  LINESYNC (auto vectored), OS-9 Operating System TICK Timer, Serial  Interface Interrupts






Level  3 - VME bus IRQ3






Level  2 - VME bus IRQ2






Level  1 - VME bus IRQ1




26.9.11.3
MEMORY ADDRESS ORGANIZATION






8000 0000 - 80FF FFFF
STANDARD






9000 0000 - 9000 FFFF
SHORT




26.9.11.4(*)
16 megabytes of contiguous address space for each specified memory (RAM, SRAM and FLASH) shall be allocated on an even boundary.  The SRAM and FLASH memories shall be accessed through the OS-9 Operating System's Random Block File Manager.  The address of each memory block shall be specified by the Manufacturer and provided with the documentation.



26.9.12
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RAM MEMORY




26.9.12.1
A minimum of 4 megabytes of RAM, organized as 1 million by 32 bits, shall be provided.




26.9.12.2(*)
In addition to the RAM, a minimum of 256 KB of SRAM, organized as 128,000 by 16 bits,  shall be provided.  The SRAM shall  have a low-power standby mode so that when the +5 VDC drops below operating level, the SRAM shall immediately switch to standby  mode and be held up by the +5 VDC STANDBY Power.  SRAM when in standby mode shall draw no more than 200 µA at +5 VDC.




26.9.12.3
The time from the presentation of valid RAM address,  select lines, and data lines to the RAM device, to the acceptance of data by the RAM device shall not exceed 80 ns and shall be less as required to fulfill zero wait state RAM device write access under all operational conditions.



26.9.13
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FLASH MEMORY -  A minimum of 2 megabytes of FLASH Memory shall be provided.  The CPU Module shall be equipped with all necessary circuitry for writing to the FLASH Memory under program control. 



26.9.14(*)
TIME-OF-DAY CLOCK -  A software settable Time-of-Day (TOD) clock shall be provided to track seconds, minutes, hours, day of month, day of week, month, and year; track years 1995 through 2015; and maintain an accuracy of ±1 minute per 30 days at 25û C. The manufacturer shall provide OS-9 software utilities to compensate for leap years and daylight savings time. The clock shall continue to operate for a minimum of 30 days  with the 2070 Unit power removed.




26.9.14.1
A software-driven CPU RESET signal shall be provided to Reset other controller systems.  The signal output shall be driver capable of sinking 30 mA at 30 VDC (Active LOW).




26.9.14.2
An open-collector output,  capable of sinking 30 mA at 30 VDC, shall be provided to drive the Front Panel Assembly CPU Activity LED Indicator.  




26.9.14.3(*)
SERIAL PORTS (SP) 1, 2, 3, 4, and 6 -  Tx, Rx, TxC, RxC, RTS, CTS and DCD lines shall  be driven/received off and on the module compliant to EIA-422B.




26.9.14.4
SERIAL PORT (SP)  5 -  Tx, Rx, TxC, and RxC lines shall be driven/received off and on the module compliant to EIA-485. 



26.9.15
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A TRANSITION Board shall be provided to transfer serial communication and control signals between the MCB and the Interface Motherboard. The Transition Board shall provide a 1 K-Ohm pull-up resistor for the HX INSTALLED lines.  If the DC Ground is not present (Slot not occupied) at the CPU EIA-422 & 485 Line Drivers/Receivers,  the Drivers/Receivers shall be disabled (inactive).



26.9.16
A SHIELDED INTERFACE HARNESS shall be provided.  It shall include MCB and Transition Board connectors with strain relief, lock latch, mating connectors and harness conductors.  A minimum of 25 mm of slack shall be provided.  No power shall be routed through the harness.  The harness shall be 100% covered by an aluminum mylar foil and an extruded black 0.8 mm PVC jacket or equal.



26.9.17(*)
CPU MODULE SOFTWARE





The following CPU MODULE SOFTWARE  shall be supplied:





1.
Operating System

4.
Error Handler





2.
Drivers and Descriptors
5.
Validation Suite





3.
Application Kernel

6.
Deliverables



26.9.18(*)
OPERATING SYSTEM -  The CPU Module shall be supplied with Microware Embedded OS-9 Version 3.0 software and in addition the following:





1.
Embedded OS-9 Real Time Kernel





2.
Sequential Character File Manager (SCFMAN)





3.
Sequential  Protocol File Manager (SPFMAN)





4.
Pipe File Manager (PIPEMAN)





5.
Random Block File Manager (RBFMAN)





6.
C Input Output Library (CIO)





7.
OS-9 NET



26.9.19
DRIVERS AND DESCRIPTORS 




26.9.19.1
Supplied modules shall be re-entrant, address independent, and shall not contain self-modifying code.




26.9.19.2
A driver, each to access the FLASH Memory and SRAM, shall be provided.  The FLASH Memory and SRAM shall be accessed as RAM disks through RBFMAN.




26.9.19.3
A driver to handle each of the four internal timers under the OS-9 Kernel shall be provided.  Timer driver functionality shall include:




1. Reset Timer


-
Zero the specified timer & reset flags.




2. Preset Timer

-
Set the specified timer to specified value.




3. Read Timer


-
Read the specified timer's current value.




4. Enable Timer Interrupt
-
Allow specified timer time-out interrupt.




5. Disable Timer Interrupt
-
Disable specified timer time-out interrupt.




6. Configure Timer

-
Alter timer setting/flags to specified values extracted from the configuration code.  If the code is negative, the current unaltered settings are returned.




7. Check Time Out

-
Check for specified timer time-out flag set 




8. Clear Time Out Flag
-
Clear specified timer time-out flag.




9. Cascade Timers

-
Cascade 2 consecutive timers & duplicate configuration between  1st & 2nd timer.




10. Verify Cascade

-
Verify that cascaded timers are in mode.




26.9.19.4
The timer configuration code shall comply with the following conventions:




1. RST (bit1):
0 - Disable the timer (current timer settings  are lost).






1 - Enable the timer.




2. FRZ (bit2): 
0 - No effect on the timer.






1 - Freeze the timer.




3. FRR (bit3):
0 -  timer continues to increment  after the time-out.






1 - Reset the counter to 0 after time-out.




26.9.19.5
The timer driver shall maintain the following data for each timer: time-out reference value, timer resolution and timer configuration.




26.9.19.6
Provided drivers shall use only Timer 4 for driver internal timing applications.




26.9.19.7(*)
The OS-9 SCFMAN and SPFMAN provided shall support each serial communication port with the protocols and data rates as  specified on Detail 9-7-7. 




26.9.19.8
It shall be possible to bypass the OS-9 serial port drivers and file manager and directly access the serial ports from application software.




26.9.19.9
The serial port drivers shall be software configurable to:






1.
Enable/disable hardware flow control (via CTS/RTS leads). 






2.
Enable/disable software flow control (XON/XOFF) .






3.
Set baud rate.






4.
Set stop bits, number of data bits, and parity. 






5.
Configure buffering mechanism.




26.9.19.10
Four input buffering modes shall be provided:






1.
Line - characters are buffered up to and including a programmable termination character.






2.
Fixed - a fixed specified number of characters are buffered by the driver.






3.
Timed - characters are buffered until a programmable inter-character time-out occurs.






4.
Raw - characters are unbuffered & delivered to the task as received.




26.9.19.11
Line, Fixed, and Timed Modes shall be capable of being used together.  Raw mode shall disable all other buffering modes.




26.9.19.12
Device drivers compliant with the OS-9 SCFMAN shall be provided for CPU Activity LED  Indicator.




26.9.19.13
All drivers combined shall occupy no more than 32 Kilobytes of FLASH Memory and use no more than 16 Kilobytes of SRAM.




26.9.19.14
A fully ported OS-9 Clock Routine, which shall access the hardware Time Of Day (TOD) clock, shall be provided.



26.9.20
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APPLICATION KERNEL




26.9.20.1
The provided software shall boot OS-9 from SYSRESET.  The entire program shall be resident in FLASH Memory.




26.9.20.2(*)
The initialization routines shall configure the serial port protocols as follows:






SP1 to 3
1.2 Kbps, 8-bit word, 1 stop and no parity






SP4

9.6 kbps, 8-bit word, 1 stop and no parity






SP 5

614.4 Kbps






SP 6

38.4 Kbps, 8-bit word, 1 stop and no parity




26.9.20.3
Hardware initialization, preliminary self-test and OS-9 initialization (except Extended Memory Test)  shall be completed in less than 1.3 seconds.




26.9.20.4
A Trap Library Module shall be provided to perform the WARMBOOT function.  This module shall be named "warmboot" and shall contain one and only one routine named "warmboot."  The warmboot routine, when executed, shall shut down the OS-9 operating system and then jump to the start of the initialization routines executed on  SYSRESET, where execution shall continue.




26.9.20.5(*)
After initialization (boot up from SYSRESET), the program shall fork a defined module in FLASH memory named "opexec."  "opexec" is the start location for the operating application program.  If nothing is found, the program shall fork a shell.



26.9.21
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ERROR HANDLER




26.9.21.1
Error handling routine to cope with initialization and power-up test anomalies shall be provided.  Errors that occur during initialization and/or during power-up test shall produce a report.




26.9.21.2
The Error Handler shall respond to the following conditions and generate an Error Report (saved in Memory): 






1.
Timer initialization error.






2.
Timer power up test error.






3.
Serial communication port initialization error.






4.
Serial communication port power up test error.






5.
Peripheral component initialization error.




26.9.21.3
The Error Handler error report shall contain, at a minimum, component identification and an error code to identify the form of the error.   The error report shall be a file accessible through the Random Block File Manager and named "ErrorReport."



26.9.22
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VALIDATION SUITE




26.9.22.1
A validation suite of software and associated documentation shall be provided.  It shall include all diagnostic programs necessary to test all  2070  UNIT  functions. The  diagnostic programs shall demonstrate that all software and hardware functions operate in conformance to  specified functionality.  It shall provide a working example of how to program all  functions




26.9.22.2
Validation suite software and associated documentation shall be segmented into individual test sequences.  It shall be possible to separate out any one or group of these sequences and, with the addition of a general header file, execute it in isolation or in combination with application software.




26.9.22.3
When invoked, the validation suite shall run immediately after OS-9 has booted and shall execute in a continuous loop. 




26.9.22.4(*)
The validation suite shall execute as a task of the OS-9 Shell Utilities and Commands module.  Execution from the shell  shall be by typing "Valsuite" from the prompt.




26.9.22.5(*)
It shall be possible to execute the following additional CPU Module specific commands while in the OS-9 Shell Utility.






1.
Get / Set the hardware time of day clock.






2.
Set OS-9 clock from hardware clock.






3.
Read/write all I/O registers  internal to the MC 68360.






4.
Get/Set all programmable controls on serial ports.






5.
Verify that the 60Hz interrupt is functioning.






6.
Set, configure and read timers.






7.
Observe time-out interrupts.




26.9.22.6(*)
The OS-9 Shell Utility shall communicate with the user through the SP4 Port.




26.9.22.7(*)
When invoked, a low-priority task shall be executed for each SP port 1, 2 and 3.  Each task  shall be configurable to use a different combination of input buffering options.  The task shall open the port, configure it, and then enter a processing loop.  In the loop, it shall wait for input and echo any input to the output.  If no input is received for one second, an ASCII text string shall be sent out on the port.  This text string shall be of the form:






port P hh:mm:ss






where P is the port number and hh:mm:ss is the current OS-9 time stamp.  The text shall be terminated with a carriage return followed by a line feed character.



26.9.23
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DELIVERABLES




26.9.23.1(*)
A software package resident on the FLASH Memory shall be provided, including the Embedded OS-9 kernels, platform drivers, and a validation suite.  




26.9.23.2(*)
All software shall be delivered in the following forms:






1.
Fully commented source code of contractor developed software 

(OS-9 not required)






2.
Microware Ultra-C Version 1.1 compatible linkable object code






3.
Memory map listing




26.9.23.3
Specific hardware memory addresses shall be specified and provided in a supplied INCLUDE FILE as defined constants.  The INCLUDE FILE shall meet all applicable software delivery requirements.




26.9.23.4
Timer usage by drivers shall be documented.




26.9.23.5
The uninterrupted execution latency of supplied drivers shall be documented.




26.9.23.6
All error values returned by driver calls shall be documented.




26.9.23.7
Error codes and a format of the error report file shall be documented.




26.9.23.8
Software to initialize and perform a power-up self-test of the CPU Module prior to the initialization of the OS-9 operating system shall be provided.  All software components detailed in this specification or otherwise, and requiring initialization shall be identified and the required initialization and nature of the test, documented.  In addition, software provided to perform initialization and/or test shall be documented.




26.9.23.9
OS-9 compliant header files shall be provided with all Driver Modules.




26.9.23.10(*)
The FI/O shall consist of the following:






FI/O Controller Unit (FCU)






Datakey






Parallel Input/Output Ports






Other Module Circuit Functions






Serial Communication Circuitry






Module Connectors and Panel



26.9.24
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FCU




26.9.24.1
The FCU shall include a programmable microprocessor/controller unit together with all necessary clocking and support circuitry to meet FI / O requirements.




26.9.24.2
All required operational software necessary to meet both housekeeping and functional requirements shall be resident in socket-mounted EPROM firmware.  EPROM firmware memory size shall allow for 40 KB of available unused memory. 




26.9.24.3
The FCU Circuitry shall be have a Power Down line for shut down functions.  The Power Up / CPU RESET lines shall be used to RESET the FCU and output ports.



26.9.25
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DATAKEY -
A Datakey  Receptacle (KC4210, KC4210PCB or equal) with Key (DK1000 or equal) resident shall be furnished and mounted on the module front panel.  Power shall not be applied to the Datakey receptacle if the Key is not resident.



26.9.26
PARALLEL I/O PORTS




26.9.26.1(*)
The I/O Ports shall provide 64 bits of input and shall utilize ground-true logic.  Each input shall be read as a logic "1" when the input voltage at its field connector input is less than 3.5 VDC, and shall be read as a logic "0" when either the input current is less than 100 µA or the input voltage exceeds 8.5 VDC.  Each input shall include an internal pull-up to the +12 VDC Isolated power source and shall not deliver greater than 20 mA to a short circuit to ground. 




26.9.26.2(*)
The I/O Ports shall provide 64 bits of output.   Each output written as a logic "1" shall have a voltage at its field connector output of less than 4 .0 VDC.  Each output written as a logic "0" shall provide an open-circuit (1 megohm or more) at its field connector output.  Each output shall consist of an open-collector output capable of driving 40 VDC minimum and sinking 100 mA minimum.  Each output circuit shall be capable of switching from logic "1" to logic "0" within 100 us when connected to a load of 100 kilohms minimum.  Each output circuit shall be protected from transients of 10 µs duration, ±300 VDC from a 1 kilohm source, with a maximum rate of 1 pulse per second.  




26.9.26.3(*)
Each output shall latch the data written and remain stable until either new data is written or the active-low reset signal .Upon a active-low reset signal , each output shall latch a logic "0" and retain that state until a new writing.  The state of all output circuits at the time of Power Up or in Power Down state shall be open.  It shall be possible to simultaneously assert all outputs within 100 µs of each other.  An output circuit state  not changed during a new writing shall not glitch when other output circuits are updated.



26.9.27
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OTHER MODULE CIRCUIT FUNCTIONS




26.9.27.1
A maximum capacitive load of 100 pF shall be presented to the LINESYNC input signal.  The EIA-485 compliant differential LINESYNC signals shall be derived from the LINESYNC signal.




26.9.27.2(*)
Reset circuitry  shall be provided to reset all devices on FI/O upon power restoration or upon an active-low reset input.  The FI/O  shall not drive the reset input.  Following a reset, the FI/O shall be in its default state.




26.9.27.3(*)
The watchdog shall be provided.  It shall be software enabled.  Its enabled state shall be machine readable and that state shall be reported in the FI/O status byte.  Once enabled, the watchdog timer shall not be disabled without resetting the FI/O.  The watchdog circuit shall have a minimum range of 100 ms to 1 second; the failure of the FI/O to reset the watchdog timer within the prescribed timeout shall result in a hardware reset.




26.9.27.4(*)
Isolation circuitry shall be by opto or capacitive coupled isolation technologies.  The isolation devices shall be capable of reliably passing a minimum of 1.5 megabps.



26.9.28
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SERIAL COMMUNICATION  CIRCUITRY




26.9.28.1(*)
The CPU Module Serial Port 5 and LINESYNC shall be routed to the FI/O for FCU interface and external communication / control.  The interface shall comply to EIA-485 standard requirements.  The lines are to be Isolated from the internal +5 VDC power source using the Isolated +12 VDC with its associated DC Ground.  In addition to FCU interface, the lines shall be routed to C12S connector. 




26.9.28.2(*)
A DB-15, EIA-485 terminating plug shall be provided for C12S Connector.  Within the terminating plug, the Rx Data and Clock positive and negative signal lines shall be terminated through a 120 ohm, 5% resistor. 



26.9.29
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1 KHz REFERENCE - A synchronizable 1 KHz time reference shall be provided.  It shall maintain a frequency accuracy of ±0.01% (±0.1 counts per second).




26.9.29.1(*)
A 32-bit MILLISECOND COUNTER (MC) shall be provided for timestamping. Each 1 KHz reference interrupt shall increment the MC. The term "timestamp" refers to the MC.



26.9.30
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BUFFERS




26.9.30.1(*)
A Transition Buffer shall be provided and shall be capable of holding a minimum of 1024 recorded entries.  The Transition Buffer shall default to empty.  There shall be two entry types, Transition and Rollover.  The Inputs shall be monitored for state transition.  At each transition, a transition entry shall be added to the Transition Buffer.  The MC shall be monitored for rollover.  At each rollover transition ($xxxx FFFF - $xxxx 0000), a rollover entry shall be added to the Transition Buffer.  For rollover entries, all bits of byte 1 are set to indicate that this is a rollover entry   The entry types are depicted as follows:

Input Transition Entry

	PRIVATE 
Description
	msb
	
	
	
	
	
	
	lsb
	Byte Number

	Transition Entry Identifier
	S
	
	Input Number
	Byte 1

	Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2

	Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3


Millisecond Counter Rollover Entry

	PRIVATE 
Description
	msb
	
	
	
	
	
	
	lsb
	Byte Number

	Rollover Entry Identifier
	1
	1
	1
	1
	1
	1
	1
	1
	Byte 1

	Timestamp MSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2

	Timestamp NMSB 
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3





26.9.30.2
Transition Buffer blocks are sent to the CPU module on command.  When confirmation of their reception is received, the blocks shall be removed from the Transition Buffer.



26.9.31
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I/O FUNCTIONS




26.9.31.1
Inputs





26.9.31.1.1(*)
Input scanning shall begin at I0 (bit 0) and proceed to the highest input, ascending from lsb to msb  Each complete input scan shall finish within 100 us.  Once sampled, the logic state of an input shall be held until the next input scan.





26.9.31.1.2(*)
Each input shall be sampled 1000 times per second.  The time interval between samples shall be 1 ms ±100 us. If configured to report, each input that has transitioned since its last sampling shall be identified by input number,  transition state and timestamp (at the time the input scan began) and shall be added as an entry to the Transition Buffer. If multiple inputs change state during one input sample, these transitions shall be entered into the Input Transition Buffer by increasing number.





26.9.31.1.3(*)
The MC shall be sampled within 10 us of the completion of the Input scan.




26.9.31.2
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Data Filtering





26.9.31.2.1(*)
If configured, the inputs shall be filtered by the FCU to remove signal bounce.  The filtered input signals shall then be monitored for changes as noted 





26.9.31.2.2(*)
The filtering parameters for each input shall consist of Ignore Input Flag, and the On and Off filter times in ms.





26.9.31.2.3
If the Ignore Input flag is set, filtering is disabled for this input and no input transitions will be recorded.





26.9.31.2.4(*)
The on and off filter times shall determine the number of consecutive ms an input must be on and off, respectively, before a change of state is recognized.  If the change of state is shorter than the specified value, the change of state shall be ignored.  The on and off filter values shall be in the range of 0 to 255.  A filter value of 0, for either or both values, shall result in no filtering for this input, and all input transitions for this input shall be recorded.  The default values for input signals after reset shall be as follows: 






Filtering



Enabled






On and off filter values shall be set to
5






Transition monitoring


Disabled (Timestamps are not logged)




26.9.31.3
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Outputs





26.9.31.3.1
Simultaneous assertion of all outputs shall occur within 100 µs.  Each output shall be capable of being individually configured in state to ON, OFF or a state synchronized with either phase of  LINESYNC.





26.9.31.3.2(*)
The condition of the outputs shall only be "ON" if the FI/O continues to receive active communications from the CPU Module.  If there is no valid communications with the CPU Module for 2.0 seconds, all outputs shall revert to the OFF condition and the FI/O status byte shall be updated to reflect the loss of communication from the CPU Module.




26.9.31.4
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Standard Function





26.9.31.4.1
Each output shall be controlled by the data and control bits in the CPU Module-FI/O  frame protocol as follows:

Output Bit Translation

	PRIVATE 

Case
	Output

Data

Bit
	Output

Control Bit
	Function

	A
	0
	0
	Output put in the OFF state

	B
	1
	1
	Output is a square wave, synchronized to the LINESYNC signal.  When LINESYNC is ON (1), the output will be OFF, and when LINESYNC is OFF (0), the output will be ON.

	C
	0
	1
	Output is a square wave, synchronized to the LINESYNC signal.  When LINESYNC is ON (1), the output will be ON, and when LINESYNC is OFF (0), the output will be OFF  

	D
	1
	0
	Output is in the ON state.





26.9.31.5
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For half-cycle switching (cases B and C), all outputs to be changed shall be changed within 50 µs after the corresponding LINESYNC transition and shall remain in the same state during the entire half cycle.




26.9.31.6
In Case D above, the corresponding output shall be turned ON if previously OFF and if previously ON remain ON until otherwise configured.




26.9.31.7
In Case A above, the corresponding output shall be turned OFF if previously ON and if previously OFF remain OFF until otherwise configured.




26.9.31.8
All outputs shall not glitch nor change state unless configured to do so.



26.9.32
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INTERRUPTS




26.9.32.1
All interrupts shall be capable of asynchronous operation with respect to all processing and all other interrupts.




26.9.32.2(*)
Millisecond Interrupt shall be activated by the 1 KHz time reference once per ms.  A timestamp rollover flag set by MC rollover shall be cleared only on command.



26.9.33
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LINESYNC Interrupt




26.9.33.1
This interrupt shall be generated by both the 0-1 and 1-0 transitions of the LINESYNC signal.




26.9.33.2
The LINESYNC interrupt shall monitor the MC interrupt and set the MC error flag if there has not been an interrupt from the 1 KHz source for 0.5 seconds (> 60 consecutive LINESYNC interrupts).




26.9.33.3
The LINESYNC interrupt shall synchronize the 1 KHz time reference with the 0-1 transition of the LINESYNC signal once a second.




26.9.33.4(*)
A LINESYNC error flag shall be set if the LINESYNC interrupt has not successfully executed for 0.5 seconds or longer (> 500 consecutive millisecond interrupts).



26.9.34

seq level3 \h \r0 
COMMUNICATION SERVICE ROUTINE




26.9.34.1
A low-level communication service routine shall be provided to handle reception, transmission, and EIA-485 communication faults.




26.9.34.2
The communication server shall automatically:






For Transmission:






1.
Generate the opening and closing flags






2.
Generate the CRC value






3.
Generate the abort sequence (minimum of 8 consecutive '1' bits) when commanded by the FCU






4.
Provide zero bit insertion






For Receiving:






1.
Detect the opening and closing flags






2.
Provide address comparison, generating an interrupt for messages addressed 
to the I/O Module, and ignoring messages not addressed to the I/O Module






3.
Strip out inserted zeros






4.
Calculate the CRC value, compare it to the received value, and generate an 
interrupt on an error






5.
Generate an interrupt if an abort sequence is received




26.9.34.3(*)
Communication Processing - The priority one (highest) task shall  be to process the command messages received from the CPU Module, prepare and start response transmission .The response message transmission shall begin within 4 ms of the receipt of the received message.  Message type processing time constraints shall not exceed 70 ms per message. 




26.9.34.4(*)
Input Processing - This priority two task shall process the raw input data scanned in by the 1 ms interrupt routine, perform all filtering and maintain the transition queue entries.




26.9.34.5
DATA COMMUNICATION PROTOCOLS





26.9.34.5.1
Protocols






26.9.34.5.1.1(*)
All communication with the CPU Module shall use a command-response protocol, with the CPU Module always initiating the communication.  The communications to the CPU Module shall be SDLC compatible, support 0 bit stuffing, and operating at a data rate of 614.4Kbps.  Should the command frame be incomplete or in error, no FI/O response shall be transmitted  The amount of bytes of a command or response is dependant upon the I/O Module identification.  If the FI/O identified in I/O Module Response is "1", the Input Data Response would be 12 bytes long, not 19.






26.9.34.5.1.2(*)
The type of message shall be determined by the value of the Control Field of the received or transmitted frame.  The control field for frames transmitted from the CPU Module to the FI/O shall be in the range 0 to $7F; the control field for frames transmitted from the FI/O to the CPU Module shall be in the range $80 to $FF.  The command frames control field values $70 - $7F and associated response frame control fields values $F0 - $FF are allocated to the Contractor diagnostics.   All other control values are reserved.






26.9.34.5.1.3
The command-response Frame Control values  and message times shall be as follows:

Frame Types

	PRIVATE 
CPU Module

Command
	I/O Module

Response
	Description
	Minimum

Message Time
	Maximum

Message Time

	1
	129
	Request Module Status
	250 us
	275 us

	2
	130
	MILLISECOND COUNTER

Management
	222.5 us
	237.5 us

	3
	131
	Configure Inputs
	344.5 us
	6.8750 ms

	4
	132
	Poll Raw Input Data
	317.5 us
	320 us

	5
	133
	Poll Filtered Input Data
	317.5 us
	320 us

	6
	134
	Poll Input Transition Buffer
	300 us
	10.25 ms

	7
	135
	Command Outputs
	405 us
	410 us

	8
	136
	Configure Input Tracking Functions
	340 us
	10.25 ms

	9
	137
	Configure Complex Output Functions
	340 us
	6.875 ms

	10
	138
	Configure Watchdog
	222.5 us
	222.5 us

	11
	139
	Cabinet Identification
	222.5 us
	222.5 us

	12
	140
	I/O Module Identification
	222.5 us
	222.5 us






26.9.34.5.2
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Module Status






26.9.34.5.2.1(*)
The Request Module Status Command shall be used to request FI/O status information response.

Request Module Status Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	Type Number =1)
	0
	0
	0
	0
	0
	0
	0
	1
	(SDLC Control Field)

	Reset Status Bits
	P
	E
	K
	R
	T
	M
	L
	W
	Byte 1


Request Module Status Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 129)
	1
	0
	0
	0
	0
	0
	0
	1
	(SDLC Control Field)

	System Status
	P
	E
	K
	R
	T
	M
	L
	W
	Byte 1

	SCC Receive Error Count
	Receive Error Count
	Byte 2

	SCC Transmit Error Count
	Transmit Error Count
	Byte 3

	Timestamp MSB
	Timestamp MSB
	Byte 4

	Timestamp NMSB
	Timestamp NMSB
	Byte 5

	Timestamp NLSB
	Timestamp NLSB
	Byte 6

	Timestamp LSB
	Timestamp LSB
	Byte 7







26.9.34.5.2.2(*)
The response status bits are defined as follows:







P
-
Indicates FI/O hardware reset. 







E
-
Indicates a communications loss of greater than 2 seconds.







M
-
Indicates an error with the MC interrupt.







L
-
Indicates  an error in the LINESYNC.







W
-
Indicates that the FI/O  has been reset by the Watchdog.







R
-
Indicates that the EIA-485 receive error count byte has rolled over.







T
-
Indicates that the EIA-485 transmit error count byte has rolled over.







K
-
Indicates the datakey has failed or is not present.






26.9.34.5.2.3
Each of these bits shall be individually reset by a '1' in the corresponding bit of any subsequent Request Module Status frame.






26.9.34.5.2.4
The SCC error count bytes shall not be reset.  When a count rolls over (255 - 0), its corresponding roll-over flag shall be set.





26.9.34.5.3

seq level5 \h \r0 
MILLISECOND COUNTER (MC) MANAGEMENT






26.9.34.5.3.1(*)
The MC Management frame shall be used to set the value of the MC.  The  'S' bit shall return status '0' on completion or '1' on error.   The frames are  as follows:

Millisecond Counter Management Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 2)
	0
	0
	0
	0
	0
	0
	1
	0
	(SDLC Control Field)

	New Timestamp MSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 1

	New Timestamp NMSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2

	New Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3

	New Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 4


Millisecond Counter Management Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 130)
	1
	0
	0
	0
	0
	0
	1
	0
	(SDLC Control Field)

	Status
	0
	0
	0
	0
	0
	0
	0
	S
	Byte 1







26.9.34.5.3.2
The 32-bit value shall be loaded into the MC at the next 0-1 transition of the LINESYNC signal.





26.9.34.5.4

seq level5 \h \r0 
Configure Inputs






26.9.34.5.4.1
The Configure Inputs  command frame shall be used to change input configurations.  The command-response frames are as follows:

Configure Inputs Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 3)
	0
	0
	0
	0
	0
	0
	1
	1
	(SDLC Control Field)

	Number of Items (n)
	n
	n
	n
	n
	n
	n
	n
	n
	Byte 1

	Item # - Bye 1
	E
	Input Number
	Byte 3(1-1)+2

	Item # - Byte 2
	Leading edge filter (e)
	Byte 3(1-1)+3

	Item # - Byte 3
	trailing edge filter (r)
	Byte 3(1-1)+4


Configure Inputs Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 131)
	1
	0
	0
	0
	0
	0
	1
	0
	(SDLC Control Field)

	Status
	0
	0
	0
	0
	0
	0
	0
	S
	Byte 1







26.9.34.5.4.2
Block field definitions shall be as follows:






E
-
Ignore Input Flag. "1" = do not report transitions for this input, "0" = report transitions for this input.






e
-
A one- byte leading edge filter specifying the number of consecutive input samples which must be "0" before the input is considered to have entered to "0" state from "1" state (range 1 to 255, 0=disabled).






r
-
A one-byte trailing edge filter specifying the number of consecutive input samples which must be "1" before the input is considered to have entered to "1" state from "0" state. (range 1 to 255, 0=disabled).






S
-
 return status S= '0' on completion or '1' on error.





26.9.34.5.5

seq level5 \h \r0 
Poll Raw Input Data






26.9.34.5.5.1(*)
The Poll Raw Input Data frame shall be used to poll the FI/O for the current unfiltered status of all  inputs.   The response frame shall contain 15 bytes of information indicating the current status of the  inputs.  The frames are  as follows:

Poll Raw Input Data Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 4)
	0
	0
	0
	0
	0
	1
	0
	0
	(SDLC Control Field)


Poll Raw Input Data Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 132)
	1
	0
	0
	0
	0
	1
	0
	0
	(SDLC Control Field)

	Inputs I0 (lsb) to I7 (msb)
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 1

	Inputs I8 to I119
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2 to 15

	Timestamp MSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 16

	Timestamp NMSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 17

	Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 18

	Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 19






26.9.34.5.6

seq level5 \h \r0 
Poll Filtered Input Data






26.9.34.5.6.1(*)
The Poll Filtered Input Data frame shall be used to poll the FI/O for the current filtered status of all  inputs.   The response frame shall contain 15 bytes of information indicating the current filtered status of the inputs.   Raw input data shall be provided in the response for inputs that are not configured for filtering.  The frames  are  as follows:

Poll Filter Input Data Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 5)
	0
	0
	0
	0
	0
	1
	0
	0
	(SDLC Control Field)


Poll Filter Input Data Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 133)
	1
	0
	0
	0
	0
	1
	0
	1
	(SDLC Control Field)

	Inputs I0 (lsb) to I7 (msb)
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 1

	Inputs I8 to I119
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2 to 15

	Timestamp MSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 16

	Timestamp NMSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 17

	Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 18

	Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 19






26.9.34.5.7

seq level5 \h \r0 
Poll Input Transition Buffer






26.9.34.5.7.1(*)
The Poll Input Transition Buffer frame shall poll the FI/O for the contents of the system status queue. The response frame shall include a three-byte information field for each of the input changes that have occurred since the last interrogation.  The frames are as follows:

Poll Input Transition Buffer Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 6)
	0
	0
	0
	0
	0
	1
	1
	0
	(SDLC Control Field)

	Block Number
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 1


Poll Input Transition Buffer Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 134)
	1
	0
	0
	0
	0
	1
	1
	0
	(SDLC Control Field)

	Block Number
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 1

	Number of Entries
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2

	Item #
	S
	Input Number
	Byte 3(I-1)+3

	Item # Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3(I-1)+4

	Item # Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3(I-1)+5

	Status
	0
	0
	0
	0
	C 
	F
	E
	0
	Byte 3(I-1)+6

	Timestamp MSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3(I-1)+7

	Timestamp NMSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3(I-1)+8

	Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3(I-1)+9

	Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3(I-1)+10







26.9.34.5.7.2(*)
Each detected state transition for each active input (see configuration data) is placed in the a queue as it occurs.  Queue byte entry definitions are as follows:








S
-
Indicates the state of the input after the transition.








C
-
Indicates the 255 entry buffer limit has been exceeded.








F
-
Indicates the 1024 buffer limit has been exceeded.






26.9.34.5.7.3
The Block Number byte is a monotonically increasing number incremented after each command issued by the CPU Module.  When the I/O Module receives this command, it shall compare the associated Block Number with the Block Number of the previously received command.  If it is the same as the last Block Number, the previous buffer shall be re-sent to the CPU Module and the 'E' flag shall be set in the last byte of the response frame.   If it is one greater than the previous Block Number, the old buffer shall be purged, and the new data sent.  The Block Number byte sent in the response block shall be the same as that received in the command block.  Counter rollover shall be considered as a normal increment.






26.9.34.5.7.4
Set Outputs 
- The Set Outputs frame shall be used to command the FI/O  to set the Outputs according to the data in the frame.   If there is any error configuring the outputs, the 'E' flag in the response frame shall be set to '1'.  If the LINESYNC reference has been lost, the 'L' bit in the response frame shall be set.  Loss of LINESYNC reference shall also be indicated in system status information.  These command and response frames are  as follows:

Set Outputs Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 7)
	0
	0
	0
	0
	0
	1
	1
	1
	(SDLC Control Field)

	Outputs O0 (lsb) to O7 (msb) Data
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 1

	Outputs O8 to O103 Data
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2 to 13

	Outputs O0 (lsb) to O7 (msb) Control
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 14

	Outputs O8 to O103 Control
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 15 to 26


Set Outputs Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 135)
	1
	0
	0
	0
	0
	1
	1
	1
	(SDLC Control Field)

	Status
	0
	0
	0
	0
	0
	0
	L
	E
	Byte 1






26.9.34.5.8

seq level5 \h \r0 
Configure Input Tracking Functions






26.9.34.5.8.1(*)
The Configure Input Tracking Functions frame shall be used to configure outputs to respond to transitions on a specified input.    Each Output Number identified by Item Number shall respond as configured to the corresponding Input Number identified by the same Item Number.  Input to Output mapping shall be one to one.  The command and response frames are as follows:

Configure Input Tracking Functions Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 8)
	0
	0
	0
	0
	1
	0
	0
	0
	(SDLC Control Field)

	Number of Items
	Number of Items
	Byte 1

	Item # - Byte 1
	E
	Output Number
	Byte 2(I-1)+2

	Item # - Byte 2
	I
	Input Number
	Byte 2(I-1)+3


Configure Input Tracking Functions Response 

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 136)
	1
	0
	0
	0
	1
	0
	0
	0
	(SDLC Control Field)

	Status
	0
	0
	0
	0
	0
	0
	0
	V
	Byte 1

	Timestamp MSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2

	Timestamp NMSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3

	Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 4

	Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 5



Definitions are as follows:



E
'1 -
Enable input tracking functions for this output.




'0' -
Disable input tracking functions for this output.



I
'1' -
The output is OFF when input ON, ON when input  OFF.




'0' -
The output is ON when input  OFF, OFF when  input is ON.



V
'1' - 
The max. number of 8 configurable outputs has been exceeded.




'0' -
No error.



Number of Items -  The number of entries in the frame.  If  zero, all outputs currently configured for input tracking shall be disabled.






26.9.34.5.8.2
The timestamp value shall be sampled prior to the response frame.






26.9.34.5.8.3
Outputs which track inputs shall be updated no less than once per ms.  Input to output signal propagation delay shall not exceed 2 ms.





26.9.34.5.9

seq level5 \h \r0 
Configure Complex Output Functions






26.9.34.5.9.1(*)
The Configure Complex Output Functions frame shall be used to specify a complex output for one to eight of any of the  outputs.  If a Configure Complex Output Function command results in more than eight outputs being configured, the 'V' bit in the response message shall be set to a '1,' and the command shall not be implemented.  Two output forms shall be provided, single pulse and continuous oscillation.  These output forms shall be configurable to begin immediately or on a specified input trigger and, in the case of continuous oscillation, to continue until otherwise configured or to oscillate only while gated active by a specified input.  If the command gate bit is active, the command trigger bit shall be ignored and the specified input shall be used as a gate signal.  The command and response frames are as follows:

Configure Complex Output Functions Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 9)
	0
	0
	0
	0
	1
	0
	0
	1
	(SDLC Control Field)

	Number of Items
	Number of Items
	Byte 1

	Item # - Byte 1
	0
	Output Number
	Byte 7(I-1)+2

	Item # - Byte 2
	Primary Duration (MSB)
	Byte 7(I-1)+3

	Item # - Byte 3
	Primary Duration (LSB)
	Byte 7(I-1)+4

	Item # - Byte 4
	Secondary Duration (MSB)
	Byte 7(I-1)+5

	Item # - Byte 5
	Secondary Duration (LSB)
	Byte 7(I-1)+6

	Item # - Byte 6
	0
	Input Number
	Byte 7(I-1)+7

	Item # - Byte 7
	P
	W
	G
	E
	J
	F
	R
	L
	Byte 7(I-1)+8


Configure Complex Output Functions Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 137)
	1
	0
	0
	0
	1
	0
	0
	1
	(SDLC Control Field)

	Status
	0
	0
	0
	0
	0
	0
	0
	V
	Byte 1

	Timestamp (MSB)
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 2

	Timestamp NMSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 3

	Timestamp NLSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 4

	Timestamp LSB
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 5







26.9.34.5.9.2
The bit fields of the command frame are defined as follows:








E
'1' -
enable complex output function for this output.









'0' -
disable complex output function for this output.








J
'1' -
During the primary duration, the output shall be written as a logic '1.'  During the secondary duration, the output shall be written as a logic '0'.









'0' -
During the primary duration, the output shall be written as a logic '0.'  During the secondary duration, the output shall be written as a logic '1'.







Output Number -
7-bit output number identifying outputs .







Primary Duration - 
For single pulse operation, this shall determine the number of 'ticks' preceding the pulse.  For continuous oscillation, this shall determine the length of the inactive (first) portion of the cycle.







Secondary Duration -
For single pulse operation, this shall determine the number of 'ticks' the pulse is active.  Subsequent to the secondary duration, the output shall return to the state held previous to the primary duration.  For continuous oscillation, this shall determine the length of the active (second) portion of the cycle. 0 = hold output state until otherwise configured.








F
'1' -
The trigger or gate shall be acquired subsequent to filtering the specified input.  The raw input signal shall be used if filtering is not enabled for the specified input.









'0' -
The trigger or gate shall be derived from the raw  input.








R
'1' -
For triggered output, the output shall be triggered by an ON to OFF transition of the specified input and shall be triggered immediately upon command receipt if the input is OFF.  For gated output, the output shall be active while the input is OFF.









'0' -
For triggered output, the output shall be triggered by an OFF to ON transition of the specified input and shall be triggered immediately upon command receipt if the input is ON.  For gated output, the output shall be active while the input is ON.







Input Number -

7-bit input number identifying inputs 0 Up.








P
'1' -
The output is configured for single-pulse operation.  Once complete, the complex output function shall be disabled.









'0' -
The output is configured for continuous oscillation.








W
'1' -
It is triggered by the specified input.  Triggered complex output shall commence within 2 ms of the associated trigger.









'0' -
Operation shall begin within 2 ms of the command receipt.








G
'1' -
Operation shall be gated active by the specified input.









'0' -
Gating is inactive.








L
'1' -
The LINESYNC based clock shall be used for the time ticks.









'0' -
The MC shall be used for the time ticks.








V
-
Indicates max. number  of configurable outputs is exceeded.






26.9.34.5.9.3
Controlling input signals shall be sampled at least once per millisecond.





26.9.34.5.10

seq level5 \h \r0 
Configure Watchdog






26.9.34.5.10.1(*)  
The Configure Watchdog frames shall be used to enable the software watchdog and to set it's timeout value.  The Command and  response  frames are as follows: 

Configure Watchdog Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 10)
	0
	0
	0
	0
	1
	0
	1
	0
	(SDLC Control Field)

	Timeout Value
	x
	x
	x
	x
	x
	x
	x
	x
	Byte 1


Configure Watchdog Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 138)
	1
	0
	0
	0
	1
	0
	1
	0
	(SDLC Control Field)

	Status
	0
	0
	0
	0
	0
	0
	0
	Y
	Byte 1







26.9.34.5.10.2(*)
The timeout value shall be in the range between 10 to 100 ms,  If the value is lower than 10, 10 shall be assumed.  If the value is greater than 100, 100 shall be assumed.





26.9.34.5.11

seq level5 \h \r0 
On receipt of this frame, the watchdog timeout value shall be initialized and the watchdog enabled.





26.9.34.5.12
The response frame bit (Y) shall indicate a '1' if the watchdog has been previously set and a '0' if not.





26.9.34.5.13
Cabinet Identification 






26.9.34.5.13.1(*)
The Cabinet Identification Command frame shall be used to request the cabinet identification response frame containing all 128 bytes stored in the Datakey.   On power restoration and immediately prior to any interrogation of the datakey, the FI/O shall test for the presence of the datakey.  If absent, the FI/O status K bit shall be set and no interrogation shall take place.  If an error occurs during interrogation, FI/O status K bit shall be set.  The command and response frames are  as follows:

Cabinet Identification Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 11)
	0
	0
	0
	0
	1
	0
	1
	1
	(SDLC Control Field)


Cabinet Identification Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 139)
	1
	0
	0
	0
	1
	0
	1
	1
	(SDLC Control Field)

	Status
	0
	0
	0
	0
	0
	0
	0
	K
	Byte 1

	Datakey (128 Bytes)
	x
	x
	x
	x
	x
	x
	x
	x
	Bytes 2-129





26.9.34.6

seq level4 \h \r0 

seq level5 \h \r0 (*)
Module Identification  -
The FI/O Identification command frame shall be used to request the FI/O Identification value Response of "1" for the 2070-2 and "2" for the 2070-8 FI/O. The command and response frames are shown as follows:


I/O Module Identification Command

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 12)
	0
	0
	0
	0
	1
	1
	0
	0
	(SDLC Control Field)


I/O Module Identification Response

	PRIVATE 
Description
	msb
	lsb
	Byte Number

	(Type Number = 140)
	1
	0
	0
	0
	1
	1
	0
	0
	(SDLC Control Field)

	FI/OID Byte
	x
	x
	x
	x
	x
	x
	x
	x
	ID Byte 1




26.9.35

seq level3 \h \r0 
The Model 2070-3 Front Panel Assembly (FPA) shall consist of a Metal Panel with latch assembly and two TSD #1 hinge attaching devices, Assembly PCB, FPA Controller, two Keyboards, AUX Switch, Display, External Serial Port Connector, CPU Activity LED Indicator and FP Harness Interface.



26.9.36
Two KEYBOARDS shall be provided, one with sixteen keys for hexadecimal alpha-numeric entry and the other with twelve keys to be used for cursor control and action symbol entry.  Each key shall be engraved or embossed with its function character. Each key shall have an actuation force between 50 and 100 grams and provide a positive tactile indication of contact closure.  Key contacts shall be hermetically sealed, have a design life of over one million operations, shall be rated for the current and voltage levels used, and shall stabilize within 5 ms following contact closure.



26.9.37
The cathode of the CPU ACTIVE LED INDICATOR shall be electrically connected to the CPU Activity LED signal and shall be pulled up to +5 VDC.



26.9.38
The DISPLAY shall consist of a Liquid-Crystal Display (LCD), a backlight, and a contrast potentiometer control.




26.9.38.1(*)
The LCD shall have four lines of 40 characters each.  Each character shall be composed of a 5 x 8 dot matrix and shall have minimum dimensions of 5.00 mm wide by 10.44 mm high.  The viewing angle of the LCD shall be optimized for direct (90o) viewing, +35o vertical, ±45o horizontal.  The LCD shall have variable contrast with a minimum ratio of 4:1.  The LCD shall be capable of displaying, at any position on the Display, any of the standard ASCII characters as well as user-defined characters.




26.9.38.2(*)
The Display shall have an electro-luminescent or LED backlight.  The backlight shall be turned on and off by the Controller Circuitry.  When off, the backlight and associated backlight circuitry shall consume no power. The potentiometer shall control  the LCD contrast.  The contrast shall depend on the angular position of the potentiometer, which shall provide the entire contrast range of the LCD.



26.9.39

seq level3 \h \r0 
Cursor display shall be turned ON and OFF by command.  When ON, the cursor shall be displayed at the current cursor position.  When OFF, no cursor shall be displayed.  All other cursor functions (positioning, etc.) shall remain in effect.



26.9.40
The FPA CONTROLLER shall function as the Front Panel Device controller interfacing with the CPU Module.




26.9.40.1
A FPA RESET Switch shall be provided on the Assembly PCB. The momentary CONTROL switch shall be logic "OR'd" with the CPU RESET Line producing a FPA RESET Output.  Upon FPA RESET being active or receipt of a valid Soft Reset display command, the following shall occur:






1.
Auto-repeat, blinking, auto-wrap, and auto-scroll shall be set to OFF.






2.
Each special character shall be set to ASCII SPC (space).






3.
The tab stops shall be set to columns 9, 17, 25, and 33.






4.
The backlight timeout value shall be set to 6 (60 seconds).






5.
The backlight shall be extinguished.






6.
The display shall be cleared (all ASCII SPC).




26.9.40.2
When a key press is detected, the appropriate key code shall be transmitted to SP6-RxD.  If two or more keys are depressed simultaneously, no code shall be sent.  If a key is depressed while another key is depressed, no additional code(s) shall be sent.




26.9.40.3
Auto-repeat shall be turned ON and OFF by command.  When ON, the key code shall be repeated at a rate of 10 times per second starting when the key has been depressed continuously for 0.5 second, and shall terminate when the key is released or another key is pressed.




26.9.40.4
When the AUX Switch is toggled, the appropriate AUX Switch code shall be transmitted to the CPU. 




26.9.40.5
The controller  circuitry shall be capable of composing and storing eight special graphical characters on command, and displaying any number of these characters in combination with the standard ASCII characters.  Undefined characters shall be ignored.  User-composed characters shall be represented in the communication protocol as five 8-bit values, representing columns of pixels from left to right.  The most significant bit of each shall represent the top pixel in a column and the least significant bit shall represent the bottom pixel.  A logic "1" shall turn that pixel ON.




26.9.40.6
Character overwrite mode shall be the only display mode supported.  A displayable character received shall always overwrite the current cursor position on the Display.  The cursor shall automatically move right one character position on the Display after each character write operation.  When the rightmost character on a line (position 40) has been overwritten, the cursor position shall be determined based on the current settings of the auto-wrap mode.  




26.9.40.7
Auto-wrap shall be turned ON and OFF by command.  When ON, a new line operation shall be performed after writing to position 40.  When OFF, upon reaching position 40, input characters shall continue to overwrite position 40.




26.9.40.8
Cursor positioning shall be non-destructive.  Cursor movement shall not affect the current display, other than blinking the cursor momentarily and periodically hiding the character at that cursor position.




26.9.40.9
Blinking characters shall be supported, and shall be turned ON and OFF by command.  When ON, all subsequently received displayable characters shall blink at the rate of 1 Hz with a 50% duty cycle.  It shall be possible to display both blinking and non-blinking characters simultaneously.




26.9.40.10
Tab stops shall be configurable at all columns.  A tab stop shall be set at the current cursor position when a SetTabStop command is received.  Tab Stop(s) shall be cleared on receipt of a ClearTabStop command.  On receipt of the HT (tab) code, the cursor shall move to the next tab stop to the right of the cursor position.  If no tab stop is set to the right of the current cursor position, the cursor shall not move.




26.9.40.11
Auto-scroll shall be turned ON and OFF by command.  When ON, a Line Feed or new line operation from the bottom line shall result in the display moving up one line.  When OFF, a Line Feed or new line from the bottom line shall result in the top line clearing, and the cursor being positioned on the top line.




26.9.40.12
Displayable characters shall be displayed within 500 microseconds after receipt of the character code.




26.9.40.13
The Display backlight shall illuminate when any key is pressed and shall illuminate or extinguish by command.  The backlight shall extinguish when no key is pressed for a specified time.  This time shall be programmably selected by command, by a number in the range 0 to 63 corresponding to that number of 10-second intervals.  A value of 1 shall correspond to a timeout interval of 10 seconds.  A value of 0 shall indicate no timeout.




26.9.40.14
The Command Codes shall use the following conventions:






1.
Parameters and Options: Parameters are depicted in both the ASCII and hexadecimal representations as the letter 'P' followed by a lower-case character or number. These are interpreted as follows:







Pn:
Value parameter, to be replaced by a value.







P1:
Ordered and numbered parameter.  One of a list of known parameters with a specified order and number. (Continues with P2 P3, etc.)







Px:
Display column number (1-40).







Py:
Display line (1-4).







...:
Continue the list in the same fashion.







Values of 'h' ($68) and 'l' ($6C) are used to indicate binary operations.  'h' represents ON (high), 'l' represents OFF (low).






2.
ASCII Representation:  Individual characters are separated by spaces; these are not to be interpreted as the space character, which is depicted by SPC.






3.
Hexadecimal Representation:  Characters are shown as their hexadecimal values and will be in the range 00 to 7F (7 bits).




26.9.40.15(*)
The Controller Circuit shall communicate via a SP6 asynchronous serial interface.  The interface shall be configured for 38.4 Kbps, 8 data bits, 1 stop bit, and no parity. 




28.9.4.5.16
When a display command code is received, the appropriate action shall be executed within 500 us.




26.9.40.16(*)
C50 ENABLE function is to disable the H2 Connector Channel 2 when C50 is in use.  The C50P Connector shall connect Pins 1 and 5.  Pin 1 shall be directly routed to H2 Connector Pin B21.



26.9.41
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The Front Panel shall include an electronic bell to signal receipt of ^G (hex 07).  The bell shall sound at 2000 Hz, with a minimum output of 85 dB, for 250 ms upon receipt of ^G (hex 07).  Receipt of all other characters and ESC codes shall continue during the time the bell sounds.




26.9.41.1
The Model 2070-4 Power Supply Module shall be independent, self contained Module,  vented and cooled by convection only.  The Module shall slide into the unit power supply compartment from the back of the Chassis and be attached to the Backplane Mounting Surface by its four TSD #3  Devices.




26.9.41.2
An "On/Off" POWER Switch, LED DC Power Indicator, PS Receptacle POWER Connectors and the Incoming AC Fuse protection shall be provided on the Module Front.  The LED DC POWER Indicator shall indicate that all required DC Voltages meet the following conditions:  the +5 VDC is within 5% and the 12 VDC is within 8% of their nominal levels.





26.9.41.3
INPUT PROTECTION -  Two 0.5 ohm, 10-watt wire-wound power resistors with a 0.2 µH inductance shall be provided (one on the AC+ Line & on the AC- Line).  Three 20 Joules surge arresters shall be provided between AC+ to AC-, AC+ to FG, and AC- to EG. A 0.68 µF capacitor shall be placed between AC+ & AC- (between the resistor & arresters).




26.9.41.4
+5 VDC STANDBY POWER shall be provided to holdup system devices during Power Failure.  It shall consist of the monitor circuitry, holdup capacitors, and charging circuitry.  The capacitor power requirements are a minimum range of +5 to +2 VDC within 10 hours with a constant drain of 600 µA.  A charging circuit shall under normal operations, fully charge and float the capacitors consistent with manufacturers recommendations. 




26.9.41.5
MONITOR CIRCUITRY shall be provided to monitor incoming AC Power for Power Failure and Restoration and LINESYNC generation.





26.9.41.5.1(*)
The ACFAIL Output Lines shall go LOW immediately upon Power Failure.  The SYSRESET Output Lines shall go LOW 2 to 3 ms following ACFAIL going LOW.  ACFAIL Output Lines shall go HIGH at Power Restoration. SYSRESET Output Lines shall go HIGH 200 ms after Power Restoration.   ACFAIL and Power Down shall be driven separately, but they are common in function.  SYSREST and Power Up shall also be driven separately, but they are common in function.





26.9.41.5.2
The monitor circuitry shall switch the +5 VDC Standby ON immediately upon Power Failure and isolate (OFF) the line at Power Restoration.





26.9.41.5.3
The LINESYNC signal shall be derived from 60 Hz AC input power (a triggered +5 VDC Pulse of half cycle duration every 16.667 ms with transition at 0 crossover +/- 10 degrees).  The output shall have  drive sink capability of 16 mA.  A 2 Kohm pull-up resistor shall be connected between the output and +5 VDC.  The monitor circuit shall compensate for missing  pulses during normal operation.



26.9.42
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POWER SUPPLY REQUIREMENTS




26.9.42.1(*)
VDC POWER OUTPUT  REQUIREMENTS

	PRIVATE 
Voltage
	
	Tolerance
	
	I Min
	
	I Max

	+5 VDC

+12 VDC Serial

-12 VDC Serial

+12 VDC
	
	+ 4.875 to + 5.125  VDC

+11.64 to +12.36  VDC

-11.64 to -12.36  VDC

+1164 to 12.36  VDC
	
	1.0 AMP

0.1 AMP

0.1 AMP

0.1 AMP
	
	10.0 AMP

1.0 AMP

1.0 AMP

2.0 AMP




Line Regulation
-

+/- 1.0%  from 90 VAC to 135 VAC rms



Load Regulation
-

+/- 1.0%  for +5 VDC at 20 to 100% Load & +/5.0%for +12,+12 &-12 Serial VDC at 50 to 100 % Load



Efficiency
-

70 % minimum



Ripple & noise
-

Less than 0.2% rms, 1% peak to peak or 50 mV whichever is greater



Voltage Overshoot
-
no greater than 5 % , all outputs



Overvoltage Protection
- 
130% Vout for all outputs



Overload & Short
-
Power foldback point 120% of max rated power.



Circuit Protection
-
Automatic recovery upon removal of fault



Inrush Current
-

Cold Start Inrush shall be less than 25A at 115VAC 



Transient response
-
Output voltage returns to within 1% in less than 500 us on a 50% Load change.  Peak transient shall not exceed 5%. 



Holdup Time
-

Shall be a minimum of 16.6 ms after removal of power at 115 VAC, Full Load.



Remote Sense
- 

+5 VDC compensates 250 mV total line drop. Open sense load protection required.



26.9.43
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UNIT CHASSIS AND MODEL 2070 - 5 VME CAGE ASSEMBLY




26.9.43.1
GENERAL





26.9.43.1.1
The Chassis shall consist of the metal housing,  Serial Motherboard,  Backplane Mounting Surface, Power Supply Module Supports,  slot card guides, Wiring Harnesses and Cover Plate(s).





26.9.43.1.2
All external screws shall be countersunk and shall be Phillips flat head stainless steel type.





26.9.43.1.3
The housing shall be treated with clear chromate and the slot designation  labeled on the backplane mounting surface above the upper slot card guide.





26.9.43.1.4
The Chassis shall be cooled by convection only.  The top and bottom pieces of the housing shall be slotted for vertical ventilation.




26.9.43.2

seq level4 \h \r0 

SERIAL MOTHERBOARD shall function as support for its  connectors, H1 to H4  and FP, and as the Interface between the CPU and the dedicated modules / Front Panel carrying both serial communications, Logic and power circuits.  The PCB shall be multi-layered with one layer plane assigned to DC Ground.





26.9.43.2.1
A wiring harness PS2 shall be provided between the Model 2070-4 Power Supply and the MOTHERBOARD PCB.  Strain relief shall be provided on the MOTHERBOARD side. 





26.9.43.2.2
A wiring harness FP shall be provided linking the MOTHERBOARD with the FPA. 




26.9.43.3
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MODEL 2070-5 VME CAGE ASSEMBLY shall consist of 3U Five Slot/Connector VME Cage, Front Mounting Plate and  PS1 Harness.  The VME Cage shall conform to VME Standard IEEE P1014/D12 for 3U Cage.  All slot/connectors shall be A24:D16 Interface.



26.9.44

seq level3 \h \r0 
Model 2070 - 6 SERIAL COMM/MODEM MODULE




26.9.44.1(*)
+5 VDC, available at Contact D of Connectors C2 and C20 for external use, shall be protected by a 0.5A slow-blow fuse.




26.9.44.2
Two circuits, designated CIRCUIT #1 and CIRCUIT #2, shall be provided. Both circuit functions shall be identical, except for their Serial Communications Port and external connector (CIRCUIT #1 to SP1 [or SP3] and C2S Connector and CIRCUIT #2 to SP2 [or SP4] and C20S Connector). 





26.9.44.2.1
The Circuits shall convert the 2070 Motherboard SP EIA-422A signals to/from board TTL level signals, buffer and drive the converted EIA-232-C Signals  interfacing with their associated MODEM and external connector




26.9.44.3
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Each CIRCUIT shall  have a MODEM with the  following requirements:




1.(*)
Data Rate: baud modulation of 300 to 1200 for Module 2070-6A and 0 to 9600 for Module 2070-6B.




2.
Modulation:  Phase coherent frequency shift keying (FSK).




3.
Data Format:  Asynchronous, serial by bit.




4.
Line and Signal Requirements:  Type 3002 voice-grade, unconditioned.




5.(*)
Tone Carrier Frequencies (Transmit and Receive): 2070-6A - 1.2 KHz MARK and 2.2 K Hz SPACE, +/- 1% tolerance 2070-6B - 11.2 KHz MARK and 17.6 KHz SPACE, ±1% tolerance  The operating band shall be (half power, -3 dB) between 1.0 KHz & 2,4 KHz for 2070-6A and 9.9 KHz & 18.9 KHz for 2070-6B.




6.(*)
Transmitting Output Signal Level: 0, -2, -4, -6, and -8 dB (at 1.7 KHz for 2070-6A and 14.7 KHz for 2070-6B) continuous or switch selectable.




7.
Receiver Input Sensitivity:  0 to -40 dB.




8.
Receiver Bandpass Filter:  Shall meet the error rate requirement specified below and shall provide 20 dB/octave, minimum active attenuation for all frequencies outside the operating band.




9.
Clear-to-Send (CTS) Delay:  12 (±2) ms.




10.
Receive Line Signal Detect Time:  8 (±2) ms mark frequency.




11.
Receive Line Squelch:  6.5 (±1) ms, 0 ms (OUT).




12.(*)
Soft Carrier Turn Off Time: 10 ±2 ms .(0.9 KHz for 2070-6A and 7.8 KHz for 2070-6B)




13.
Modem Recovery Timer:  Capable of receiving data within 22 ms after completion of transmission.




14.
Error Rate:  Shall not exceed 1 bit in 100,000 bits, with a signal-to-noise ratio of 16 dB measured with flat-weight over a 300 to 3000 Hz band.




15.
Transmit Noise:  Less than -50 dB across 600 ohms resistive load within the frequency spectrum of 300 to 3000 Hz at maximum output.




16.
Modem interface: EIA-232-C Standards.




26.9.44.4
Two logic switches shall be mounted on the faceplate.  One shall be used to enable or disable each MODEM circuitry and the other to switch between Half-Duplex and Full-Duplex.  In Half-Duplex mode, the Transmit connections shall be used for both Receive and Transmit. 




26.9.44.5(*)
A Control switch shall be provided on the module front panel to turn On / Off all module power. 



26.9.45
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Model 2070 - 7 Async/Modem Serial Communications Module




26.9.45.1
Two circuits, designated CIRCUIT #1 and CIRCUIT #2, shall be provided. Their functions are identical, except for the Serial Communications Port and external connector (CIRCUIT #1 to SP1 [or SP3] and Connector C21S and CIRCUIT #2 to SP2 [or SP4] and Connector C22S).




26.9.45.2
The circuits shall convert the EIA-422 Signals to/from board TTL Level EIA-232- C Signals.  The circuits shall buffer and drive the signal via the external connectors.


26.10
METHOD OF MEASUREMENT



2070 Controllers shall be measured for payment by the number of unit each, complete with all components provided as specified herein and delivered as directed by the Department.


26.11
BASIS OF PAYMENT



Payment for two and four channel detectors will be made at the contract unit price each, which price will be payment in full for all equipment, labor, tools, materials, transportation, and all other incidentals thereto.

27
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ITEM 27. TRAINING


27.1
DESCRIPTION



Work under this item shall consist of providing qualified instructors and all materials for training Department personnel and other designated personnel in the operation and maintenance of the 2070 controller equipment furnished under this contract.


27.2
MATERIALS



The contractor shall develop and submit training course outlines and samples of all training aids and manuals to the engineer for approval at least forty-five (45) days prior to the proposed scheduled start of the training sessions.  Written approval of this material shall be required prior to the final scheduling of the training sessions or the final production of training materials.  Training shall not begin until after approval of the submitted training material, and a minimum of 10 working days after acceptance of the operation and maintenance manuals specified under the Item Documentation.



As part of this item, the Contractor shall provide three sets of all test equipment needed to perform the tests called for in this specification.  The Contractor shall also provide 3 sets of any and all test equipment needed to perform routine maintenance on the equipment furnished under this category of the specification. The training sessions described under this item shall include training on the use of the test equipment furnished by the Contractor.


27.3
CONSTRUCTION METHODS



All training sessions shall be conducted at locations within Salt Lake County, Utah to be designated by the Department. Training sessions shall not overlap unless otherwise permitted by the Department.



27.3.1
Training shall consist of formal classroom lectures as well as “hands-on” training.  "Hands-on" training shall consist of working with the actual equipment.



27.3.2
Two (3) training sessions shall be provided for each equipment category and subsystem as follows:




•
Type 2070 controller and Test Equipment

3 days



27.3.3
A "day" of training shall consist of 6 hours.  The two sessions for each equipment category/subsystem shall be identical in content.  The training sessions shall not overlap unless otherwise permitted by the engineer.  The attendance of each session shall not be more than 30 people.  Each session shall provide a basic understanding of the equipment and subsystems and their operation and maintenance.  These training sessions shall include as appropriate, and as a minimum:




•
Background on concepts of equipment/subsystem, and theory of operation.




•
Functional description of subsystem equipment components.




•
Procedures for installing and setting up equipment and components.




•
Basic troubleshooting and fault determination procedures.




•
Procedures for “mail-in” repairs.




•
Preventive maintenance procedures and schedules.



27.3.4
The contractor shall video tape all training sessions, and provide the tapes to the Department for training new personnel in the future.


27.4
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METHOD OF MEASUREMENT



Training will be measured as a Lump Sum which shall cover all preparation of course materials and as well as the time and human resources to provide and run the course at a location to be determined by the Department.


27.5
BASIS OF PAYMENT



Training, measured as provided above, will be paid for at the contract unit price Lump Sum, which price shall be full compensation for furnishing instructors and training materials; for providing the training sessions; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

28
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ITEM 28. ENGINEERING FIELD SERVICES


28.1
DESCRIPTION



The supplier shall provide on-site services when requested by UDOT, including, but not limited to:




•
Fully program controllers and settings



28.1.1
Field services shall be provided by experienced personnel familiar with use of the equipment and software. Experienced personnel shall include, but not be limited to, instructors, engineers, and field technicians.



28.1.2
Payment for on-site services will be on an 8-hour "person-day" basis with a minimum order of two (2) full days.



28.1.3
Time required to travel from out of state to Utah shall not be eligible for payment. Travel time within Utah from site to site is eligible to be included in billable time.



28.1.4
All direct costs of travel, accommodations, and meals shall be included in the unit bid price per day for on-site services. No separate payments will be made for these travel costs.



28.1.5
On-site services may be required anywhere in the state of Utah. Field services will be scheduled at least two weeks in advance.



28.1.6
No payment will be made for on-site services which are required to trouble-shoot or resolve problems caused by malfunctions or failures of  the vendor’s equipment or for work done under warranty.


28.2
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METHOD OF MEASUREMENT



Engineering Field Services will be measured as days, with each day consisting of an eight hour "person-day".


28.3
BASIS of PAYMENT



Engineering Field Services, measured as provided above, will be paid for at the contract unit price per day, which price shall be full compensation for furnishing field personnel to provide engineering services; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

29
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ITEM 29. ALLOWANCE FOR MISCELLANEOUS ITEMS


29.1
DESCRIPTION



Under this item, UDOT will purchase miscellaneous 2070 controller equipment parts on an as-needed basis in small quantities. This will include spare and replacement parts.  Equipment purchased may include, but not be limited to the following:




•
Controller components (modules, connectors, etc)




•
Communication modems



29.1.1
A price list or catalog for miscellaneous traffic control parts,  shall be included in the Price Proposal. Any discount offered shall be indicated. 


29.2
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METHOD OF MEASUREMENT



This Item is measured as a Lump Sum the value for this item is fixed as stated in the bid sheets and must be included by all bidders in calculating the total for  their proposal.


29.3
BASIS OF PAYMENT



Payment for equipment ordered under this item shall be made according to the price list, less any discount offered.


5.  VARIABLE MESSAGE SIGNS
The following sections provide the general provisions shall apply to all types of Variable Message Signs (VMS).  

A.
GENERAL WARRANTY PROVISIONS

A  manufacturer's guaranty shall be provided for all equipment and materials furnished as part of the pay items for all variable message sign equipment and materials described under this section.



1.  Guarantee Terms: The terms of the VMS equipment and materials guaranties shall stipulate that the VMS manufacturer is fully responsible for all parts, labor, diagnosis, removal, shipping, handling, and reinstallation for the repair or replacement of any malfunctioning, failed, problematic, or otherwise unacceptable VMS equipment.  This shall include full responsibility for providing all access to the components and any maintenance of traffic which may be required to safely access the VMS or its components to effect diagnosis and repair.  The terms of the VMS equipment and materials guaranties shall be in effect for one calendar year after final acceptance.  Any component or electronic or electrical assembly or sub-assembly which experiences more than three failures while the guaranty is in effect shall be replaced with a new component, assembly or sub-assembly.  




1.1  All electronic and electrical assemblies and subassemblies shall be permanently marked with the manufacturer’s name, model number, date of manufacture, and a unique serial number.  The model number (and revision if applicable) shall be consistent with the VMS documentation for assembly drawings, schematics, bills of materials, and maintenance manuals.  



2.  Conditions:  The warranty provisions shall state that, upon final acceptance of the project where the VMSs are used, the agency designated by the DEPARTMENT will be recognized as being the original purchaser and owner of all equipment as new.  Non-compliance with the terms of the guaranty shall be cause for suspension of certification. 



3.  Licensing:  Under the terms of this contract, the VMS manufacturer is required to supply complete documentation for all software and firmware provided as part of the VMS system.  The VMS supplier shall ensure that all licensed software provided as part of the VMS system shall be transferred to the DEPARTMENT.




3.1  Under the requirements of this contract, the VMS manufacturer shall supply a copy of the source code for all VMS system firmware and software used under this contract.  This includes but is not limited to all lap-top software, diagnostic software, controller software, E-prom firmware, and central software provided under this contract.  The source code shall be provided in both printed (one bound copy) and electronic form on PC readable 3.5 inch floppy disks or other approved media.  The VMS manufacturer shall provide a fully licensed copy of all software, editors, assemblers, compilers, linkers, loaders, libraries, make files, etc. necessary to convert the source code into the operational firmware or software for the VMS system and elements.  The Department shall have the unrestricted right to use this software and to make modifications as deemed necessary for use on the manufacturer’s VMS in the state of Utah.  The department shall have the right to provide the source code and all licensed software to third party consultants and/or software developers to make any changes deemed necessary for the VMS.  All software source code provided shall include commented listings, and a description of the software structure, database utilization, and instructions necessary to convert the source code into an operational system.  The department shall maintain confidentiality agreements with any third party agents used to develop changes to the software.  Software provided by the VMS manufacturer shall only be used on signs provided by the manufacturer.

B.
ACCEPTANCE PROCEDURES

The Department will, at its discretion, conduct acceptance procedures for any VMS provided under contract at four times:



1.
Upon conclusion of sign production at the factory;



2.
Upon delivery to UDOT, the construction contractor, or job site;



3.
Upon installation by others;



4.
Upon final system integration



1.  Scope.  This section sets forth acceptance procedures for the supply of Variable Message Signs.  All costs associated with acceptance testing and procedures shall be paid for as a part of the CONTRACT pay items and the DEPARTMENT shall make no separate payment for acceptance testing and procedures.



2.  General Requirements. Unless otherwise stipulated, the CONTRACTOR shall develop, provide all equipment for, and perform all acceptance testing for all Variable Message Signs supplied. The CONTRACTOR shall develop detailed and thorough test procedures with full test plan descriptions, test and measurement equipment listings, and test results data sheets. As part of the submittal data requirements, test plans shall be submitted to the Department for approval.  The Department will notify the CONTRACTOR of the approval or disapproval of the test procedures. Only test procedures approved by the Department shall be used. 




2.1  The CONTRACTOR shall provide all necessary testing equipment, facilities, communications, and transportation between test sites. The CONTRACTOR shall have a complete copy of all material and equipment submissions and all documentary items on hand at all acceptance testing sessions.  This shall include but not be limited to manufacturer’s data sheets for all components, certifications where applicable, mechanical and electrical drawings, schematics, assembly drawings, construction notes, software listings, operations and maintenance manuals.




2.2  The CONTRACTOR shall, for each VMS supplied, perform and certify the required tests and record the results as provided in the approved test plan.




2.3  At the conclusion of a given acceptance test for a given VMS, the CONTRACTOR shall provide a thorough and detailed test report in accordance with the test plan which documents the outcome of all tests and provides  complete test result data.  The CONTRACTOR shall deliver seven (7) copies of this report to the Department within ten (10) calendar days after the conclusion of that test.




2.4  All testing shall be performed in the presence of the Department.  Upon receipt of the CONTRACTOR's test report for a given VMS, the Department shall provide a written acceptance or rejection of that test within ten (10) calendar days.  If the outcome and/or results of a given test are rejected, the CONTRACTOR shall be notified of the specific reasons for non- acceptance.  The CONTRACTOR shall make all necessary corrections and revisions to the subject materials and/or equipment and any accompanying documentary items.  Once the contractor has completed all necessary corrections and revisions, the CONTRACTOR shall request a retest in writing.  The CONTRACTOR's request for a retest shall include complete written summary of all corrections and revisions performed and, if applicable, revised documentary items.  No retesting shall commence without the Department's prior approval.  All retests shall  be conducted in accordance with the requirements of the initial test.




2.5  Specific equipment or materials that have been rejected as part of any submission review or testing may be offered for consideration again by the CONTRACTOR provided all non-compliance has been corrected and pretested by the CONTRACTOR and provided that the CONTRACTOR has requested in writing that this specific equipment or materials be reconsidered.



3. Factory Acceptance Testing.  The CONTRACTOR shall perform Factory Acceptance Testing on each variable message sign.  The purpose of the factory acceptance test is to verify that the sign fully conforms to the requirements of these specifications including design, materials, quality, documentation, and "maintainability".




3.1  The CONTRACTOR shall provide a complete Factory Acceptance Test Plan.  The Factory Acceptance Test Plan shall be a detailed and thorough procedure that fully demonstrates that the complete variable message sign meets all CONTRACT requirements. These requirements shall include, but not be limited to, all design, construction, materials, equipment, assembly, environmental, performance, communications, VMS central control system communications (including validation using a data analyzer), light emission, VMS display alignment, and documentary  requirements.  The Factory Acceptance Test procedure shall contain a method by which the actions and status of a given VMS as reported by the central control system can be positively verified by actual field observation.




3.2  Factory Acceptance Testing shall commence only after all of the following requirements have been met:





a.
All documentary items have been approved by the Department.





b.
The testing schedule and travel arrangements for Factory Acceptance Testing have been approved by the Department.




3.3  If the facility at which the CONTRACTOR proposes to conduct the Factory Acceptance Testing is more than 100 miles from Salt Lake City, or is outside the state of Utah, the CONTRACTOR shall be responsible for all travel costs of one (1) Utah Department of Transportation representative and up to four additional representatives for the DEPARTMENT.  Travel costs shall include all transportation and per diem costs and the DEPARTMENT reserves the right to pay for these travel costs from monies due the CONTRACTOR under the contract. The CONTRACTOR shall be responsible for all travel costs as specified herein for all Factory Acceptance Testing  and Retesting.




3.4  The CONTRACTOR shall request a Factory Acceptance test for one or more signs, as directed by the Department, in writing a minimum of 30 calendar days in advance of that test session.  [Note: it is anticipated that multiple signs will be tested during a single session; the Engineer shall determine the number of signs which shall be verified (i.e. tested) during a specific session.]  The CONTRACTOR shall permit the Department to adjust the proposed schedule of the Factory Acceptance Test by up to seven (7) calendar days at no cost to the DEPARTMENT to allow for availability of DEPARTMENT representatives.  Any given Factory Acceptance Testing session shall be completed within five (5) consecutive working days unless otherwise approved by the Department.   If the CONTRACTOR delays the testing for any reason, the DEPARTMENT shall have the right to adjust the proposed schedule by up to 7 an additional calendar days at no cost to the DEPARTMENT.  The CONTRACTOR shall plan for the possibility of such delays and shall not be eligible for contract time extensions because of such delays requested by the DEPARTMENT. 




3.5  If, during the scheduled factory acceptance testing, the VMS fails to meet the specification requirements (e.g. fails to perform properly), The VMS supplier shall correct the problem and reschedule the testing as required above.  If a re-test is required, then the VMS supplier shall be responsible for all costs associated with the re-test which shall include any consultant costs, travel and per diem costs for all observers. Such amounts shall be deducted from any monies due, or which will become due,  the CONTRACTOR under the contract.



4.  Field Installation Acceptance Testing.  The CONTRACTOR shall perform Field Installation Acceptance Testing on each variable message sign following installation by UDOT's construction contractor.  The purpose of the field acceptance test is to verify that the VMS has been  installed properly and that the sign has not been damaged in transit, storage, or installation.




4.1  The CONTRACTOR shall provide a complete Field Installation Acceptance Test Plan submission.




4.2  The Field Installation Acceptance Test Plan shall be a detailed and thorough procedure that fully demonstrates that the complete variable message sign installation is satisfactory to provide proper function and operation of the VMS.  The Field Installation Acceptance Test procedure shall contain a method by which the actions and status of a given VMS as reported by the central control system can be positively verified by actual field observation.




4.3  Field Installation Acceptance Testing at a given VMS location shall commence only after all of the following requirements have been met:





a.
All work required for the specific VMS location is completed;





b.
Factory Acceptance Testing for the VMS was successfully completed;





c.
All communications between the given VMS location and at least one fully operational control center has been established; and,





d.
The Field Installation Acceptance Test Plan and testing schedule have been approved by the Department.




4.4  The CONTRACTOR shall request a Field Installation Acceptance Test in writing a minimum of 15 calendar days in advance of that test session. The CONTRACTOR shall permit the Department to adjust the proposed schedule of the Field Installation Acceptance Test by up to seven (7) calendar days at no cost to the DEPARTMENT to allow for availability of  personnel.




4.5  The CONTRACTOR shall provide radio or other two-way voice communications between the central control center and the VMS location being tested.




4.6  If, during the scheduled field acceptance testing, the VMS fails to meet the specification requirements (e.g. fails to perform properly), due to problems/failures which are or should have been within the CONTRACTOR's control, the CONTRACTOR shall correct the problem and reschedule the testing as required above.  If a re-test is required, then the CONTRACTOR shall be responsible for all costs associated with the retest which shall include consultant costs, travel and per diem costs for all observers. Such amounts shall be deducted from any monies due, or which will become due,  the CONTRACTOR under the contract.



5.  System Conditional Acceptance Testing.  The CONTRACTOR shall perform System Conditional Acceptance Testing on the entire VMS system.   The  purpose of the conditional system acceptance testing is to ensure that the VMS system, as a whole, including communications and the central computer, function as an integrated system in accordance with these specifications.




5.1  The CONTRACTOR shall provide a complete Field Installation Acceptance Test Plan submission for approval by the Department.




5.2  The System Conditional Acceptance Test Plan shall be a detailed and thorough procedure that fully demonstrates that the complete variable message sign meets all CONTRACT requirements. These requirements shall include, but not be limited to, a demonstration that all VMS can be operated simultaneously as one cohesive integrated system. The System Conditional Acceptance Test procedure shall contain a method by which the actions and status of all VMS as reported by the central control system can be positively verified by actual field observation.




5.3  System Conditional Acceptance Testing shall commence only after all of the following requirements have been met:





a.
All Field Installation Acceptance Testing for all VMS in this project has been successfully completed; and,





b.
The System Conditional Acceptance Test Plan and testing schedule have been approved by the Department.




5.4  The CONTRACTOR shall request a System Conditional Acceptance Test in writing a minimum of 15 calendar days in advance of that test session. The CONTRACTOR shall permit the Department to adjust the proposed schedule of the Field Installation Acceptance Test by up to seven (7) calendar days at no cost to the DEPARTMENT to allow for availability of DEPARTMENT representatives. The System Conditional Acceptance Testing session shall be completed within five (5) consecutive working days unless otherwise approved by the Department.




5.5  The CONTRACTOR shall provide radio or other two-way  voice communications between the central control center and the VMS location being tested.



6. Burn-In Period for Variable Message Sign Installations.



6.1  General Requirements:  A 180-day burn-in period will be required for all work and equipment included in the CONTRACT. The burn-in period shall consist of the field operation of the variable message sign system in a manner which is in full accordance with the variable message sign system requirements described above.  An acceptance test procedure is not required for the system burn-in.




6.2  The burn-in period shall commence only after all of the following requirements have been met:





a.
All work required in all CONTRACT DOCUMENTS (except this burn-in period) is completed;





b.
All System Conditional Acceptance is successfully completed;





c.
All equipment and materials furnished and installed as part of the CONTRACT are functioning Properly,




6.3  The CONTRACTOR shall request in writing to commence the burn-in period at least seven (7) calendar days in advance of requested burn-in commencement, but no less than 15 calendar days after successful completion of any of the requirements in (a), (b), or (c) above.




6.4  The burn-in period shall commence upon written authorization by the DEPARTMENT to commence and will terminate 180 consecutive days thereafter unless an equipment malfunction occurs. The burn-in period will be stopped for the length of time any equipment is defective. When the equipment is repaired and functions properly, the burn-in period will continue from the point it was stopped.  However, if the malfunction has not been corrected within 72 hours from notification to the CONTRACTOR, then the observation period shall be restarted from the beginning. The CONTRACTOR shall provide a toll free telephone number which is available 24 hours a day for notification of VMS problems. Notification shall be deemed to have occurred whenever DEPARTMENT personnel shall provide a verbal notification to the CONTRACTOR’s 24 hour answering service.




6.5  Successful completion and acceptance of the burn-in period will be granted on the 180th day unless:





a.
Any equipment is malfunctioning on the 180th day, in which event final acceptance will be withheld until repair is completed and all equipment is functioning properly for 30 days after repair.





b.
Any equipment has malfunctioned during the 150th through 179th day of the burn-in period, in which event final acceptance will be withheld until all the equipment is functioning properly for 30 days after repair.




6.6  When a specific piece of equipment has malfunctioned more than three times during the 180 day burn-in period, the CONTRACTOR shall replace that equipment with a new unit.




6.7  Records of equipment malfunctions shall be maintained by the Department. The CONTRACTOR shall furnish written reports to the Department noting all failures reported, the date and time of the report, the affected systems or subsystems, and a detailed report of all components used to repair the problem.  Repairs shall be documented in a manner which notes the exact procedures used to determine the cause of the problem, all components used for repair, and all testing performed to verify that all necessary repairs have restored the equipment to full operation.




6.8  The Department shall review the operation and maintenance history of the signs during the burn-in period.  If analysis of the failures indicates that there is a design defect in the VMS, then the 180 day burn-in period shall be halted until such time as the CONTRACTOR corrects the problem for all VMS.  The 180 day burn-in  shall then be restarted from the beginning.   During any suspension, the contractor shall be responsible for continuing operation and maintenance of the VMS as noted below, even though the burn-in period has been suspended.   Use of the VMS by the DEPARTMENT during this period shall not be construed as acceptance of the VMS. 




6.9 CONTRACTOR Responsibilities.  During the burn-in period, the CONTRACTOR shall be responsible for the maintenance of all work under this CONTRACT. Failure to restore any work or equipment to proper operating condition within seventy-two (72) hours after notification shall constitute default by the CONTRACTOR. The CONTRACTOR shall be liable for any impairment to the safety of pedestrian and vehicular traffic resulting from any work or equipment not in proper operating condition as conditionally accepted at the beginning of the burn-in period.




6.10  DEPARTMENT Responsibilities.  DEPARTMENT responsibilities during the burn‑in period shall be as follows:





a.
Arrangements for electrical energy costs which are paid for by the DEPARTMENT.





b.
Expeditious notification of CONTRACTOR upon failure or malfunction of equipment.





c.
Repair or replacement of any part of the installation damaged as a result of natural causes and those resulting from vehicular or pedestrian traffic not associated with CONTRACTOR activities.




(Note: The CONTRACTOR (equipment vendor) shall work with the Departments construction contractor, who will install the VMS, to ensure that proper surge protection devices and techniques are used for the installation of the VMS.  The CONTRACTOR (equipment vendor) shall be liable for all damage to the VMS that should have been eliminated due to the installation of industry accepted protection devices.   Since this specification does not detail the electrical characteristics of the interfaces which are external to the sign, the CONTRACTOR (equipment vendor), through the construction contractor, shall ensure that all conductors which enter or leave the VMS and related control cabinets shall be properly protected.  This shall include but not be limited to power, data, control and monitoring lines, and communications connections.  The  CONTRACTOR (equipment vendor), through the construction contractor, shall also be responsible for all grounding necessary to support the VMS and it’s protection devices.)




d.
In the event that the CONTRACTOR does not provide the services enumerated above under his contract responsibilities, the DEPARTMENT or its authorized agents may in the interest of public safety take emergency action to provide for adequate traffic control. The CONTRACTOR will be responsible for any costs incurred as a result of these emergency actions. Such action by the DEPARTMENT will not void any guaranties or warranties or other obligations set forth in the CONTRACT.



7.  Final Acceptance.  Final acceptance of the CONTRACT will be made after satisfactory completion of the required burn-in period and on the basis of a comprehensive final construction inspection of the entire VMS subsystem. The semi-final construction inspection shall not serve as the final construction inspection unless otherwise approved by the Department. All final construction inspections shall be made in the company of a responsible CONTRACTOR's representative.



8.  Manufacturers Tests and Certifications.  For any materials or equipment which may not require formal testing, the DEPARTMENT reserves the right to require certifications from the manufacturer of such equipment and material, to the effect that they meet all requirements of the CONTRACT, and, in the event of questionable equipment or material, to require that such material or equipment be tested by a recognized laboratory or other entity of its choice at no expense to the DEPARTMENT.




8.1  The DEPARTMENT reserves the right to withhold any payments which may be due, should it be discovered that the equipment does not meet the requirements of the CONTRACT.



9. Requirement for Continuous Operation.  The contractor shall schedule his work such that not more than 30 calendar days shall elapse between the installation of the VMS and the ability to control and use the sign from the control center.  Variable message signs which cannot be interconnected for operation from the control center will not be eligible for payment.  Further, once the signs have completed their  field installation test, the CONTRACTOR shall be responsible for maintaining the signs in a usable condition and shall allow the Department to utilize the VMS.  Such use shall not affect the scheduling of further acceptance testing.  Use of the signs by the department shall not constitute acceptance of the signs or any work to complete the VMS. Use of the signs does not constitute a waiver of any required testing.

C.
VMS ENGINEERING PROVISIONS


1. Human Engineering: To the highest practicable degree, the unit shall be engineered for simplicity and ease of operation and maintenance. This shall include the following:




a.
Potentiometers - No more than two potentiometers, controls, or switches may be mounted concentrically. Knobs for such devices shall have diameters in a ratio of 2:1 outer to inner. The outer knob shall have a diameter of at least one inch. Knobs shall be of large enough diameter (at least 0.5 inch diameter) and of great enough separation (at least 0.5 inch edge to edge) to assure ease of adjustment without disturbance of adjacent knobs.




b.
Fuses - All fuses shall be easily accessible and shall be replaceable without the use of any tools.




c.
Printed Circuit Boards - PCBs shall slide smoothly in their guides while being inserted into or removed from the frame and shall fit snugly into the plug-in PCB connectors. PCBs shall require a force no less than 5 pounds or greater than 20 pounds for insertion or removal.




d.
Controls - All controls shall be clearly labeled as to their functions.




1.1  The VMS housing and all of its equipment and materials shall be designed and constructed so that all maintenance and repair is performed from within the VMS housing except for the two exceptions allowed below. The allowable exceptions to this requirement are as follows:





a.
Maintenance, repair, or replacement of the UV front panel; and,





b.
Maintenance, repair, or replacement of the VMS housing itself or any structural component or member thereof.




1.2  The VMS equipment, components, and housing shall be designed and constructed for ease of maintenance. A single technician shall be able to remove and replace any modular assembly under adverse conditions in under 15 minutes. All electronic subassemblies subject to failure shall be easily replaced by using plug-in or fully connectorized subassemblies. Any required configuration jumpers shall be clearly marked.



2. Design Engineering: The following practices shall be employed in the design of solid state equipment circuitry:




a.
Compensation - The design shall be inherently temperature compensated to prevent abnormal operation. The circuit design shall include such compensation as is necessary to overcome adverse effects due to temperature in the specified environmental range.




b.
Dangerous Voltage - For reasons of personal safety, personnel shall be protected from all dangerous voltages.



3. Generated Noise: No item, component, or subassembly shall emit a noise level exceeding the peak level of 55 dBA when measured at a distance of one meter away from its surface.



4. Surge Suppression: The data cables from the local controller cabinet to the VMS shall be optically isolated at both ends, and shall employ transient suppression devices which protect all circuits from damage.

D.
VMS MATERIALS PROVISIONS


1. Components. 




1.1 General:  Use of vacuum or gaseous tubes or electro-mechanical devices within the equipment is not acceptable unless specifically noted within these Special Provisions.




1.2  All components shall be second sourced and shall be of such design, fabrication, nomenclature, or other identification as to be purchased from a U.S. wholesale distributor, or from the component manufacturer, except as follows:




1.3  When a component is of such special design that it precludes the purchase of identical components from any wholesale distributor or component manufacturer other than the original, one spare duplicate component shall be furnished with each 10, or fraction thereof, components used. Approval from the Department shall be required for each component used. This requirement shall also apply to all programmable devices (e.g., spare pre-programmed EPROMS, PLAs, ROMs, etc. must be supplied in quantities listed above).  [The bidder shall include information regarding all use of all sole sourced and custom components with his bid.]




1.4  If EPROMs, PLAs, ROMs, or other programmable devices are used, sufficient documentation shall be supplied to allow the DEPARTMENT to acquire the device.




1.5  The electronic circuit design shall be such that all components of the same generic type, regardless of manufacturer, shall function equally in accordance with the specifications.




1.6  Any component which may be loosened due to vibration shall be properly secured with hold down brackets, retainers or other means.




1.7  All damaged or defective components shall be replaced as per these SPECIAL PROVISIONS




1.8  Devices (except integrated circuits) shall not be socket mounted on the PCBs. All dual-in-line integrated circuits shall be socket mounted using high grade, industrial quality, machined pin contacts with 4 side wipe.




1.9  No component shall be operated above 80 percent of its maximum rated voltage, current, or power ratings. Digital components shall not be operated above 3 percent of their nominal voltage, current, or power ratings.




1.10  No component shall be provided for which the manufactured date is two years older than the contract award date. The design life of all components shall be a minimum of 10 years of continuous operation.




1.11  Encapsulation of two or more discrete components into circuit modules is prohibited, except for opto-isolators, silicon controlled rectifiers, transient suppression circuits, resistor networks, diode arrays, and transistor arrays. Encapsulated assemblies shall be second sourced standard items.




1.12  Except as specified above, all discrete components, such as resistors, capacitors, diodes, transistors, optical isolators, triacs, and integrated circuits shall be individually replaceable.




1.13  Components shall be arranged so they are easily accessible for testing




1.14  The CONTRACTOR shall submit detailed engineering technical data on all components. A letter from the component manufacturer shall be submitted with the detailed engineering data when the proposed application of the component alters the technical data. The letter shall certify that the component application meets specification requirements.



2. Capacitors:  The DC and AC voltage ratings as well as the dissipation factor of a capacitor shall exceed the worst case design parameters of the circuitry by 150 percent.




2.1  A capacitor which may be damaged by shock or vibration shall be properly supported by a clamp or fastener.




2.2  Capacitor encasements shall be resistant to cracking, peeling, and discoloration.




2.3  All capacitors shall be insulated and shall be marked with their capacitance values and working voltages.




2.4  Electrolytic capacitors shall not be used for capacitance values of less than 1.0 microfarad and shall be marked with polarity. Electrolytic capacitors shall only be used in applications where they are continuously energized.



3. Potentiometers:  No potentiometers less than one watt rating shall be used (except for trimmer type function).




3.1  The power rating of any potentiometer shall be at least 100 percent greater than the maximum power requirements of the circuit.



4. Resistors: All resistors shall be insulated and shall be marked with their resistance values. Resistance values shall be indicated by the EIA color codes, or stamped value (power resistor).




4.1  Resistors shall have five percent or less tolerance




4.2  The value of the resistors shall not vary by more than five percent between -37 degrees and 74 degrees C.




4.3  Resistors that have a rating exceeding two watts shall not be used unless special ventilation or heat sinking is provided. They shall be insulated from the PCB.



5. Semiconductor Devices:  All solid state devices, except LEDs, shall be of the silicon type.




5.1 All transistors, integrated circuits, and diodes shall be a standard type listed by EIA and clearly identifiable.




5.2  All metal oxide semiconductor components shall contain circuitry to protect their inputs and outputs against damage due to high static voltages or electrical fields.




5.3  The device pin "1" location shall be properly marked on the PCB adjacent to each pin on both the component and "foil" side of the PCB



6. Transformers and Inductors:  All power transformers and inductors shall have the manufacturer's name or logo and part number clearly and legibly printed on the case or laminations.




6.1  All transformers and inductors shall have their windings insulated and shall be protected to exclude moisture.




6.2  All transformer and inductor leads shall be color coded with an approved EIA color code or identified in a manner to facilitate proper installation.




6.3  Where custom transformers are used, the CONTRACTOR shall provide complete specifications and fabrication information sufficient to allow the transformer to be acquired directly from the component manufacturer or from alternative sources.



7. Circuit Breakers:  Circuit breakers shall be listed by UL or ETL. The trip and frame sizes shall be plainly marked on the breaker by the manufacturer, and the ampere rating shall be visible from the front of the breaker. All circuit breakers 30 amperes or greater shall be quick-break on either automatic or manual operation. Contacts shall be silver alloy and enclosed in an arc quenching chamber. Overload tripping shall not be influenced by an ambient air temperature range of from -18 degrees to 50 degrees C. Minimum interrupting capacity shall be 10,000 amperes, RMS.




7.1  Circuit breakers shall be trip free type.




7.2  Multi-pole circuit breakers shall be the common trip type.



8. Switches:  The switch contacts shall be rated for a minimum of 5 ampere resistive load at 120 VAC or 28 VDC and shall be gold over brass (or equal). The switch shall be rated for a minimum of 100,000 no-load operations.



9. Terminal Blocks: Unless otherwise noted, the blocks shall be barrier type rated at 20 amperes, 600 VAC RMS minimum. The terminal screws shall be 0.3125 inch minimum length nickel plated brass binder head type with screw inserts of the same material.



10. Wiring, Cabling, and Harnesses:  All electrical conductors shall be copper.




10.1  Harnesses shall be properly bundled and tie-wrapped with external protection and strain relief.




10.2  Each harness shall be of adequate length to allow any harness or conductor to be connected to or disconnected from its associated connector or termination point without stress to any conductor, harness or connector.




10.3  Harnesses shall be neat, firm, and routed to minimize crosstalk and electrical interference.




10.4  Ribbon cables shall only be used where they are not subjected to strain during normal operations or maintenance. All ribbon cable connectors shall employ ejection type sockets.




10.5  Wiring containing AC shall be bundled separately or shielded separately from all DC logic voltage control circuits.




10.6  Wiring shall be routed to prevent conductors from being in contact with metal edges. Wiring shall be arranged so that any removable assembly may be removed without disturbing conductors not associated with that assembly.




10.7  All VMS harness conductors shall conform to the following color-code requirements as applicable:





a.
The grounded conductors of AC circuits shall be identified by a continuous white or gray color.





b.
The equipment grounding conductors shall be identified by a solid green color or by a continuous green color with one or more yellow stripes.





c.
The DC logic ground conductors shall be identified by a solid white color with a red stripe.





d.
The ungrounded AC+ conductors shall be identified by a solid black or black with colored stripe.





e.
The DC logic ungrounded or signal conductors shall be identified by any color not specified above.




10.8  All wiring, cabling and harnesses shall terminate in connectors or on terminal blocks.




10.9  All VMS power, control, and other wiring and cabling between the VMS controller cabinet and the VMS housing shall run continuously from termination point to termination point. No splicing of VMS power, control, and other wiring and cabling in conduit, pullboxes, or any other location is permitted.




10.10  All removable assemblies shall be connectorized and shall not require that any wires be removed, cut, soldered, or spliced to remove a serviceable assembly or subassembly.




10.11 All wire shall conform to MIL 16878D Type B Vinyl - nylon jacket or THHN, stranded conductors.



11.  Printed Circuit Boards (PCB)




11.1  Design, Fabrication, and Mounting:  All contacts on PCBs shall be plated with a minimum thickness of 0.000030 inch gold over a minimum thickness of 0.000075 inch nickel.




11.2  PCB design shall be such that components may be removed and replaced without damage to boards, traces, or tracks.




11.3  Fabrication of PCBs shall be in compliance with Military Specification: MIL-P-13949, except as follows:





a.
Only NEMA FR-4 glass cloth base epoxy resin copper clad laminates 0.0626 inch minimum thickness shall be used. Intercomponent wiring shall be by laminated copper clad track having a minimum weight of two ounces per square foot with adequate cross section for the current to be carried. All copper track shall be plated or soldered to provide complete coverage of all exposed copper track. Jumper wires will not be permitted, except from plated-through padded holes to an external component or for designed function selection with the jumper insulated and as short as possible.





b.
Section 3.3.3 of Military Specification: MIL-P-13949E shall read "Pits and Dents. Grade of Pits and Dents shall be of Grade B quality (3.3.3.2) or better."





c.
Section 3.3 of Military Specification: MIL-P-13949 shall be omitted.





d.
Section 3.4 of Military Specification: MIL-P-13949 shall read "Warp or Twist. Class of permissible warp or twist shall be Class A (Table II) or better."





e.
Sections 4.2 through 6.6 of Military Specification: MIL-P-13949 (inclusive) shall be omitted except as referenced in previous sections of this specification.




11.4  The fabrication of PCBs and the mounting of parts and assemblies thereon shall conform to Military Specification: MIL-STD-275E, except as follows: 





a.
All semiconductor devices required to dissipate more than 250mW or any case temperature that is 10 degrees Celsius above ambient shall be mounted with spacers or transipads to prevent direct contact with the PCB.





b.
When completed, all residual flux shall be removed from the PCB.





c.
The resistance between any two isolated, independent conductor paths shall be at least 100 megohms when a 500 VDC potential is applied.





d.
All PCBs shall be coated with a moisture and mildew resistant coating.





e.
Where less than 0.25 inch lateral separation is provided between the PCB (or the components of a PCB) and any metal surface, a 0.03125 (-0.0 to +0.0156) inch thick Mylar (polyester) plastic cover shall be provided on the metal to protect the PCB.




11.5  Each PCB connector edge shall be chamfered at 30 degrees from board side planes. The key slots shall also be chamfered so that the connector keys are not extracted upon removal of board or jammed upon insertion. The key slots shall be 0.045 (±0.005) inch for 0.1 inch spacing and 0.055 (±0.005) inch for 0.156 inch spacing.




11.6  All circuits which are routed using printed circuit traces shall be fused or protected to ensure that no damage to the printed circuit traces will occur due to circuit malfunction, component failure, connector installation or removal, or surges. This shall include protection from improper installation of control cables, or short circuits between conductors.




11.7 Soldering:  Hand soldering shall comply with Military Specification:  MIL‑P‑55110.




11.8  Automatic flow soldering shall conform to the following conditions:





a.
Constant speed conveyor system.





b.
Conveyor speed shall be the optimum to minimize solder peaks or points which form at component terminals.





c.
Temperature shall be controlled to within ±8 degrees C of the optimum temperature.





d.
The soldering process shall result in the complete coverage of all copper runs, joints, and terminals with solder except that which is covered by an electroplating process.





e.
Wherever clinching is not used, a method of holding the components in the proper position for the flow process shall be provided.





f.
If exposure to the temperature bath is of such a time-temperature duration as to come within 80 percent of any components maximum specified time-temperature exposure, that component shall be hand soldered to the PCB after the flow process has been completed.




11.9  Definitions:  Definitions for the purpose of this section on PCBs shall be taken from MIL-STD-429 and any current addendum.



E.
VMS MECHANICAL PROVISIONS


1. Connectors:  All connectors shall be keyed to prevent improper insertion of the wrong connector or PCB.




1.1  The mating connectors shall be designated as the connector number and male/female relationship such as CAP (plug or PCB edge connector) and CAS (socket).




1.2  Pin and Socket Connectors:  Pin and socket contacts shall be beryllium copper construction subplated with 0.00005 inch nickel and plated with 0.00003 inch gold. Pin diameter shall be 0.062 inch.




1.3  Connectors shall be of a standard manufacturer with quick connect/disconnect capability and thread assist, positive detent coupling. The connectors shall be UL listed Glass Filled Nylon, 94 V-I rated, heat stabilized, fire resistant.




1.4  PCB Connectors:  PCB edge connectors shall have bifurcated gold plated contacts.




1.5  The PCB receptacle connector shall meet or exceed the following:





a.
Operating voltage:
600VAC (RMS) at sea level





b.
Insulation Resistance:
5,000 megohms





c.
Contact Material:
Copper alloy plated with 0.00005 inch of nickel and 0.000015 inch of gold.





d.
Contact Resistance:
0.006 ohm maximum




1.6  Assemblies and PCB Design:  All assemblies shall be easily replaceable and incorporate plug-in capability for their associated devices or PCBs.




1.7  Assemblies shall be provided with a minimum of two guides for each plug-in PCB or associated device (except relays). The guides shall extend to within 0.75 inch from the face of either the socket or connector and front edge of the assembly. If nylon guides are used, the guides shall be securely attached to the file or assembly chassis.




1.8  No components, traces, brackets or obstructions shall be within 0.125 inch of the board edge (guide edges).




1.9  The manufacturer's name or logo, model number, serial number, and circuit issue or revision number shall appear and be readily visible.




1.10  The mounting and choice of components shall ensure that PCBs are not damaged or discolored due to the heat generated either individually or collectively by the components.




1.11  Workmanship shall be in accordance with the highest industry standards. 




1.12  All PCB connectors mounted on a motherboard shall be mechanically secured to the chassis or frame of the unit.




1.13  All screw type fasteners shall utilize locking devices or locking compounds except for finger screws which shall be captive.




1.14  Dimensions:  All dimensions shall be in inches. The following tolerances shall apply unless otherwise specifically stated in these Specifications:





a.
Sheet Metal
0.0525 inch





b.
PCB

+0, -0.010 inch





c.
Edge Guides
0.015 inch




1.15  Hardware:  Unless otherwise noted, all hardware used in electronic assemblies shall be stainless steel.

F.
VMS SPARE PARTS PROVISIONS


1.  Spare parts to be provided under this contract, when ordered by the Department, shall be supplied in separate cartons for each subassembly or assembly.  Only complete assemblies or subassemblies shall be packed in each shipping carton.  The shipping carton and all packing materials shall be reusable such that the containers can be used to re-ship materials for repair.  Each carton shall be suitable for shipping by common carrier without special handling.  All cartons shall be clearly marked on the outside with the part number, and serial number, and the manufacturer’s name and shipping address.  

G.
 ENVIRONMENTAL REQUIREMENTS

This Section sets forth the minimum environmental requirements for all the VMS equipment.  All such equipment shall be singularly considered in meeting these specifications.  Where applicable, the testing to verify compliance with these requirements shall conform to the current  NEMA TS-1 environmental testing specifications.



1. Operating Voltage and Frequency.



All equipment shall perform as specified when the voltage and frequency from the local service transformer are within the following specified limits:




Voltage:
The voltage range shall be from 95 to 135 Volts (RMS) alternating current.  The nominal voltage shall be 120 Volts (RMS) alternating current.




Frequency:
The operating frequency range shall be 60 Hertz, plus or minus three Hertz.



2. Power Interruption.



This Article is applicable for the VMS, the VMS controller and all communications equipment. The term "controller" shall be taken to mean the entire VMS field installation.




2.1  The power interruption shall define the controller mode of operation upon restoration of power relative to the length of time the power has been interrupted.




2.2  Two or more power interruptions separated by power restoration of 1,500 milliseconds or greater shall be considered as separate interruptions, and the controller shall react to the power interruptions as follows:





a.
Interruption of 500 milliseconds or less.  Upon restoring power, the controller shall continue to operate as though the power interruption had not occurred. 





b.
Interruption of more than 600 milliseconds and less than 1,000 milliseconds.  Upon restoring power, the controller shall either continue to operate as specified above or shall revert to its start-up sequence.





c.
Interruption of 1,000 milliseconds or more.  Upon restoring power, the controller shall revert to its start-up sequence.  Three interruptions of 300 milliseconds or less which are separated by power restorations of 300 milliseconds or more shall not cause the controller to revert to its start-up sequence.





d.
Sixty alternations of 500 milliseconds power off and 500 milliseconds power on over a two minute period. Upon completion of the two minute period, the VMS, VMS controller and communications equipment shall continue to operate as though the power interruptions had not occurred. 





e.
Continuous linear power reduction and increase, from 120 Volts (RMS) to 0 Volts (RMS) to 120 Volts (RMS) at a rate of voltage change no greater than 1 volt per second. The VMS, VMS controller and communications equipment shall revert to the start-up sequence within 500 milliseconds of reaching 95 Volts (RMS) during power increase.





f.
Upon all instances of VMS controller initiation of its start-up sequence, the power fail bit shall be set as defined in Appendix A.



3. Temperature and Humidity.



General: Equipment shall operate as specified when the temperature and humidity ambient inside the controller cabinet are within the following specified limits:




3.1 Ambient Temperature:





a.
The operating ambient temperature range shall be from -30F to 165F.





b.
The storage temperature range shall be from -50F to 200F.





c.
The rate of change in ambient temperature shall not exceed 30F per hour, during which the relative humidity shall not exceed 95 percent.




3.2 Humidity: The relative humidity shall not exceed 95 percent over the temperature range of 40F (4.4C).  Above 100F (43.3C).  Above 110F, constant absolute humidity shall be maintained, which results in the relative humidities shown in the table below.  The relative humidities shown in the table below are for dynamic testing:

	PRIVATE 
At 29.92 HG Barometric Pressure

	Dry Bulb (F)
	Relative Humidity (percent)
	Wet Bulb (F)

	40
	75
	37

	50
	80
	47

	60
	83
	57

	70
	86
	67

	80
	87
	77

	90
	89
	87

	100
	89
	97

	110
	90
	107

	120
	70
	109

	130
	50
	109

	140
	38
	109

	150
	28
	109

	160
	21
	109

	165
	18
	109




4. Vibration.



The equipment shall operate as specified and maintain its physical integrity when subjected to a vibration of five to 30 cycles per second up to 0.5 gravity applied in each of three mutually perpendicular planes.



5. Shock.



The equipment shall suffer neither permanent mechanical deformation nor any change that renders the unit inoperable, when subjected to a shock of 10 gravities applied in each of three mutually perpendicular planes.



6. Transients.




6.1 Power Service: The equipment shall operate in accordance with its specified function when the following independent test pulses occur on the alternating current power service.





6.1.1 High-Repetition Noise Transients: The test pulses shall not exceed the following conditions:






a.
Amplitude - 300 Volts, both positive and negative polarity.






b.
Peak Power - 2,500 Watts.






c.
Repetition - 1 pulse approximately every other cycle moving uniformly over the full wave in order to sweep 360 degrees of the line cycle once every 3 seconds.






d.)
Pulse Width - 10 microseconds.





6.1.2 Low-Repetition High Energy Transients: The test pulses shall not exceed the following conditions:






a.
Amplitude - 600 Volts, plus or minus 5 percent, both positive and negative polarity.






b.
Energy Source - Capacitor, oil filled, 10 microfarads plus or minus 10 percent, internal surge impedance less than 1 ohm.






c.
Repetition - 1 discharge every 10 seconds.






d.
Pulse Position - Random across 360 degrees of the line cycle.




6.2 Input-Output Terminals: The equipment shall operate in accordance with specification requirements when the following test pulse occurs on the input-output terminals for any signals which leave the VMS sign enclosure or VMS control cabinet.





a.
Amplitude - 300 Volts, both positive and negative polarity.





b.
Pulse Source - 1,000 ohms nominal impedance.





c.
Repetition - 1 pulse per second, for a minimum of 5 pulse per selected terminal.





d.
Pulse Rise Time - 1 microsecond.





e.
Pulse Width - 10 microseconds.




6.3 Non-Destructive Transient Immunity: The equipment shall be capable of withstanding a high-energy transient having the following characteristics repeatedly applied to the alternating current input terminals (no other power connected to terminals) without failure of the test specimen:





a.
Amplitude - 1,000 Volts, + 5 percent, both positive and negative polarity.





b.
Energy Source - Capacitor, oil filled, 15 microfarads, +10 percent, internal surge impedance less than 1 ohm,





c.
Repetition - Applied to the controller assembly once every two seconds for a maximum of three applications each polarity.




After the foregoing, the equipment shall perform all of its functions upon application of nominal alternating current power.

H. Submittal Data Requirements.


1.  Submittal data and shop drawings for all equipment and materials required in this CONTRACT shall be submitted within 30 calendar prior to any installation, unless otherwise noted in the specifications.



2.  The CONTRACTOR shall prepare and submit for approval a schedule for all shop drawings and all submittal data as required herein.  This schedule shall be submitted with and be an integral component of the CPM schedule. This schedule shall provide a summary description of the working drawings and submittal data with reference pay items.



3.  For certified traffic control device equipment and materials, the CONTRACTOR shall submit to the ENGINEER for approval, six copies of the manufacturer's descriptive literature, technical data, operational documentation, service documentation, and other materials fully describing the equipment and materials that will be used in producing the equipment supplied.



4.  Shop drawings are required for all structural support materials, changeable message sign housing materials, and all other special designs, non-electrical, non-mechanical, fabricated items which are not certified.



5.  The DEPARTMENT will not be liable for any equipment or material purchased, work done, or delay incurred, prior to the DEPARTMENT's approval of said equipment or material.



6.  Submittal data will be distributed by the District Traffic Operations Engineer as follows:



Copy 1 (original)
District Traffic Operations Engineer




Copy 2

Construction - Project Engineer




Copy 3

Construction - Resident Engineer




Copy 4

CONTRACTOR




Copy 5

Traffic Operations 




Copy 6 

Controller Cabinet for each location via CONTRACTOR.



Any failure of the DEPARTMENT to discover or note any unsatisfactory material shall not relieve the CONTRACTOR of his responsibility for providing complete and operable ATMS equipment as called for under the terms of the CONTRACT.



7.
Documentation for Electronic Equipment.




7.1  The CONTRACTOR shall provide the documentary items specified herein for all variable message sign equipment and materials. The documentary items shall provide a complete and precise technical description of all VMS equipment and materials and shall thoroughly demonstrate that the design and construction of all VMS equipment and materials fully conform to all requirements of these specifications.




7.2  The CONTRACTOR shall provide copies of all documentary items as specified below.




7.3  All documentary items shall be neat, legible, clearly identified, and suitably bound.




7.4  All documentation shall be supplied in a single submittal; it shall be the responsibility of the CONTRACTOR to ensure that all materials are integrated into a single documentation package.  Incremental and partial submittals shall not be provided, only complete submittals will be accepted by the ENGINEER.




The following documentary items shall be provided:





a.
Manual fully describing the theory of operation with complete technical data including block diagrams showing operational relationships between major components, wave forms, etc.





b.
Manual for troubleshooting including flowcharts, test procedures, test points, alignment procedures, etc.





c.
Electronic schematics on 11" x 17" drawings.  (Note that the vendor shall ensure that all information is clearly readable in this format.  Simply shrinking ‘D’ size drawings will not be acceptable unless all information is clearly legible in the judgement of the Engineer. 





d.
Pictorial layout of components on circuit boards showing locations of all components and referencing each component to its entry in the part list/manufacturer's data sheet.





e.
Complete parts lists/manufacturer's data sheets of all passive and active electrical and electronic components. Parts lists/data sheets shall provide complete technical materials and performance data, environmental specifications, manufacturer's names/part numbers, etc.





f.
Drawings and materials lists of all equipment and assembly frames, mounting brackets, mechanical items, etc.





g.
Diagrams of field installation wiring showing all terminal block positions and identifications.




h.
Recommended routine maintenance procedures and schedules for all equipment and materials.

30
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ITEM 30. FIBER OPTIC VMS ASSEMBLY, Type 1 - Freeway


30.1
SCOPE:



This Subarticle specifies the requirements for equipment, and materials of the fiber optic variable message sign (VMS) to be furnished. A variable message sign shall include:



30.1.1
A VMS sign assembly complete with all electrical and mechanical components in accordance with these specifications.



30.1.2
A local controller complete with all necessary protection devices, etc. as required.



30.1.3
A system communications modem or other  required devices to connect the VMS to the system for remote control.



30.1.4
All incidental equipment, materials, wiring, conduit, cabling, testing, and work to provide a complete and accepted VMS.



30.1.5
All software for the VMS components and software for the lap-top computer used for operation and diagnostics via the local control port at the VMS control cabinet.


30.2
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GENERAL REQUIREMENTS



The CONTRACTOR shall furnish a variable message sign in accordance with these SPECIFICATIONS.



30.2.1
The CONTRACTOR shall provide shop drawings and submittal data for the VMS which shall include, but not be limited to, the following:




a.
All documentary items as specified herein.




b.
Design, materials, and construction of the VMS display and housing;




c.
Design, materials, and construction of the VMS controller and communications modem;




d.
Design, materials, and construction of the VMS housing door and platform; and




e.
Materials and attachment method of the horizontal and vertical conduit




f.
Design, materials, and installation  requirements for all connections between the sign elements and with the  communications network and power.



30.2.2
All structural and electrical designs shall be certified by a registered professional engineer licensed in the State of Utah.


30.3
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VMS CONFIGURATION


The VMS shall have a continuous matrix display of 105 pixels across by 28 pixels high (2940 pixels). The display shall consist of pixel modules, with each module having a 5 (horizontal) by 7 (vertical) matrix of pixels.  Pixel modules shall be individually replaceable.



30.3.1
Signs shall have the following parameters:




a.
Pixel spacing shall be such that seven pixels in height shall fall be 18 inches (+- .5 inches) from the top of highest pixel to bottom of lowest pixel;




b.
Equal horizontal and vertical pixel spacing, center to center and gap between pixels;




c.
The total weight of the VMS shall not exceed 4800 pounds;




d.
The sign shall be readable from a minimum of 900 feet away under all weather and lighting conditions.



30.3.2
All components and subassemblies shall be interchangeable between the signs of  the same character height. VMS controllers shall be identical for all signs.



30.3.3
Indicators:  All indicators shall have a minimum ±45 degrees cone of visibility with its axis perpendicular to the front panel. All indicators shall be readily visible at a radius of up to four feet within the cone of visibility when the indicator is subjected to 9,000 foot-candles of white light with the light source at 45 (±2) degrees to the front panel. All indicators shall have a rated life of 100,000 hours minimum.



30.3.4
VMS Pixels:  Each fiber optic pixel shall consist of at least one light point made up of a fiber optic bundle with its end fitted with a lens.




30.3.4.1
The lighting source for the fiber optic  pixels shall consist of two 50-watt quartz halogen lamps consisting of a primary lamp and a "backup" lamp per module group. The maximum lamp voltage shall not exceed 10.8V RMS.




30.3.4.2
The average service life of the lamps shall be 8,000 hours.  The lamp and reflector shall be a single unit. It shall be possible to service the lamps from the inside of the sign and without the use of any special tools.




30.3.4.3
Each "primary" lamp shall be backed up by a "secondary" lamp. Switching from the "primary" lamp to the "secondary" lamp (and vice versa) shall be automatic.  It shall be possible to light the "primary" and "secondary" lamps simultaneously (overbright condition) to increase the light output of each pixel,  Each lamp shall be monitored by the VMS controller for subsequent transmission of lamp status information to the control center.



30.3.5
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Circuitry shall be provide to "soft-start" the lamps to extend filament life. Light output from each pixel shall be at least 33 cd. The color of the emitted light shall be amber.



30.3.6
Alternative lighting source arrangements will be considered for approval by the Department.



30.3.7
Only high quality step index glass optical fiber shall be used. Each fiber optic harness shall contain spare bundles equal to 5 percent of the total bundles used per module. Each optical fiber light guide end shall be fitted with a lens which shall produce an emission controlled angle equal to 14 degrees centered around the optical axis.



30.3.8
All materials used in the fabrication of the pixel display modules shall not be damaged by direct exposure to sunlight.


30.4
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VMS CONTROLLER


The VMS controller equipment and associated wiring shall be furnished in as specified below.



30.4.1
VMS controller equipment shall be mounted in the EIA Rack.



30.4.2
VMS controller circuit breakers, fuses, switches, and indicators shall be readily visible and accessible when the VMS controller cabinet front door is open.



30.4.3
The assembly or panel depth dimension shall include the terminal blocks and assembly mounted part of any connectors.



30.4.4
All assemblies and panels shall allow air circulation through the top and bottom unless specifically called out otherwise.



30.4.5
Assemblies shall be fabricated of 0.0625 inch minimum thickness aluminum or stainless steel sheet. The metal surface shall be treated with clear chromate.



30.4.6
Local control shall be accessed via a hexidecimal keypad and LCD text display.  The LCD shall be a minimum of .25 inch letters and shall be back-lit for visibility at night.  



30.4.7
The VMS controller shall include an industry standard DB-9 connector which shall allow attachment of a lap-top computer for operation of local diagnostics and verification of proper sign operation.


30.5
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SIGN OPERATION


The sign shall have the capability to be operated either locally or centrally.



30.5.1
Central Operation: The controller shall accept commands and issue responses through an RS232C data port at a selectable speed from 1200 bps to 19,200 bps, 8-bits, odd/even/no parity, 1 stop. The controller shall be capable of responding to each data message type as listed in Appendix A (of Category 5 - Variable Message Signs), issue a response to central, and cause the sign at its location to respond visually as indicated in Appendix A.



30.5.2
Local Operation: The controller shall be capable of operating in a local control mode. Local control operations shall be possible without the need for any external device. The following minimum operations are required:





a.
Operator selection of dimming levels.





b.
Operator selection of up to 32 pre-stored downloadable messages.





c.
Diagnostic routines capable of testing full sign operation.




30.5.2.1
Local control shall be switch-activated inside the VMS controller cabinet, and shall be accomplished via a keypad with menu-driven LCD display.  While in the local control mode, the VMS master shall continue to monitor the sign’s status and display.  It shall be possible to over-ride all local controls or resume central control from the central controller without the intervention  of field personnel.




30.5.2.2
Local Timeout Operation: The following timers are required:





a.
Hardware watchdog timer - this shall reset and cause the sign to blank whenever communications with the hardware has failed for 30 seconds.  This is intended to detect the failure of the VMS controller (not the central system).





b.
Communications Watchdog - this timer shall ensure that if no communications are processed during the Communications Timeout (configurable per Appendix A, default 10 minutes). When the timeout occurs the sign shall return to a blank state.





c.
Local Timeout - The controller shall resort to central communications after 30 minutes of no activity at the local controller.  This shall be configurable from the local keypad.




30.5.2.3
Local reset capabilities  - The sign shall be designed for unattended operation and shall include the capability of resetting the communications modems, power supplies, and other related devices when required.  The CONTRACTOR shall detail the method used to effect VMS and communications reset to eliminate the necessity to cycle the power on the sign to correct an apparent problem.



30.5.3
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Performance Characteristics - The VMS shall meet the following minimum performance specifications:





a.
The time  delay between the receipt of a message (from the central system) and the display of the message shall not exceed 1 second.





b.
Timing parameters for the display of the messages, flash times, on times and off times shall not vary with the complexity of the message being displayed.





c.
The time required to fully transition from one display to the next presentation, whether blank or another message shall not exceed .5 (one-half) second.  Further, the time required to fully transition from a blank condition to a valid message display shall not exceed one-half second.





d.
The time delay between the reception of a command and the start of a response to central shall not exceed 50 ms.


30.6
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COMMUNICATIONS MODEM


The CONTRACTOR shall furnish an industry-standard communications modem to provide a fully functional communications interface between the central control center and the VMS controller. All cables, connectors, interfaces, filters, protection devices, and incidental items required for full operation shall be in accordance with the modem manufacturer's requirements



30.6.1
The modem shall meet the minimum requirements specified below:




a.
The modem shall have indicator lights for the following signals: Carrier Detect, Data Transmit, & Data Receive. The indicators shall be visible in the normal operating position of the modem.




b.
The modem may be housed in its own cabinet or be a plug-in board to the main VMS controller.



30.6.2
The system communications modem shall be fully compatible with and fully support all functionality of the system communications modem installed at the central control center.


30.7
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VMS DIMMING SYSTEM


Each VMS shall be provided with a system which shall sense the background ambient light level and provide a minimum of seven field-adjustable intensities (dimming).



30.7.1
The dimming system shall contain three commercially available photo-electric sensors installed in water-tight metal enclosures on the VMS housing. The photo-electric sensors shall have a 0.25 square-inch (minimum) photo-sensitive area. The photo-electric sensors shall be capable of being continually exposed to direct sunlight without impairment of performance. The water-tight metal enclosure shall have a 1.00 square inch area (minimum) glass window area. (Note - a circular window may be used with 1 square inch area) The photo-electric sensors shall be placed so that they view the front, rear, and top of each sign.



30.7.2
The dimming system circuitry shall select one of seven levels from either the sensed ambient light when operating in local mode or from commands sent from the central control system, when operating in remote mode. The dimming system shall be capable of sending readings from all three photocells (255 levels each) to the central control system.




30.7.2.1
Dimming shall be implemented by voltage or phase control of the lamps and by the number of lamps selected.




30.7.2.2
All seven intensity levels shall be separately adjustable with a discrete 10-turn potentiometer, or other method approved by the Department.




30.7.2.3
The set points for each of the seven ambient light levels shall also be adjustable with a discrete 10-turn potentiometer, or other method approved by the Department.



30.7.3
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The dimming circuit and VMS power system shall have electrical devices installed to minimize RFI noise generated by the VMS both on the power line and radiated by sign circuitry.



30.7.4
The controller circuitry shall determine the operating mode (local or remote) and select the appropriate method of implementing dimming.



30.7.5
Alternative dimming systems will be considered for approval by the Department.


30.8
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VMS HOUSING


General Requirements: Housings shall have interior non-corrosive metal cage support frames to mount the display elements. The cage support frame shall be designed to withstand and minimize vibrational effects to the display and/or electronic elements.


The VMS housing shall meet all wind loading requirements as specified in the DEPARTMENTs Structures Design Guidelines.



30.8.1
The VMS housing shall be provided with two lifting eyes to be used when placing the housing on the sign structure. The lifting eyes shall be located such that the sign will remain level while being lifted. Each eye shall have a minimum diameter of 1.00 inch. The fully assembled sign shall be lifted into place using both lifting eyes. Each lifting eye, however, shall have sufficient structural strength to allow the sign be lifted or moved without damage or permanent deformation to any part of the sign.



30.8.2
The VMS housing shall be designed such that the VMS can be shipped and temporarily stored without damage or undue stresses prior to installation on the overhead support structure.



30.8.3
The VMS housing shall be designed to allow mounting at angles up to +/- 3 degrees from horizontal.



30.8.4
All VMS housings shall be constructed to present a clean, neat appearance. The equipment located within housings shall be protected from moisture, dust, dirt, and corrosion.



30.8.5
Housings shall be fabricated from 0.125 inch (minimum) thick 3003-H14 or 5052-H32 aluminum alloy and shall conform to the latest AASHTO publication entitled "Standard Specifications for Structural Supports for Highway Signs, Luminaries, and Traffic Signals."



30.8.6
All surfaces shall be free of dents, scratches, burrs, weld burns, or abrasions. The manufacturer's name and month and year of manufacture shall appear on the inside of the VMS housing.



30.8.7
All sharp edges and corners shall be rounded.



30.8.8
Welding: All exterior seams shall be continuously welded and each weld shall be uniform flow. All welds shall be neatly formed and free of cracks, blow holes, and other irregularities. Welding on aluminum housings shall be done by gas metal arc (MIG) or gas tungsten arc (TIG) process using bare aluminum welding electrodes. The electrodes shall conform to the requirements of the American Welding Society (AWS) A5.10 for ER5356 aluminum alloy bare welding electrodes. Procedures, welders, and welding operators for welding on aluminum shall be qualified in accordance with the requirements of AWS B3.0, "Welding Procedure and Performance Qualification," and to the practices recommended in AWS C5.6.



30.8.9
Ventilation: The VMS housing shall be provided with the necessary vents, filters, and forced air ventilation to provide ventilation for equipment and maintenance personnel inside the VMS housing.




30.8.9.1
All fans or other forced air devices for equipment shall be thermostatically controlled and shall use standard-sized easily-removable dust filters. The equipment ventilation system shall have a minimum rating of 1200 C.F.M. The thermostat shall have a minimum adjustable temperature range of 80 degrees F. to 125 degrees F. All intake and exhaust vents shall be rain-tight.  All fans shall be connected to an isolated circuit, separate from the lamps and control electronics.




30.8.9.2
Fans or other forced air devices for maintenance personnel shall be in accordance with OSHA and all other applicable regulations. The maintenance personnel ventilation system shall be controlled by an adjustable timer that will turn off the fans after the set time has expired. The adjustable timer shall be adjustable to at least four (4) hours and shall be located within reach of the VMS housing door. The maintenance personnel ventilation system shall use standard-sized easily-removable dust filters.



30.8.10
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Screened weep holes shall be provided to allow the drainage of any water that may collect in the housing. There shall be no less than 4 weep hole with a diameter of 1/2 inch adequately placed to ensure proper drainage of water accumulated in the sign housing.



30.8.11
Lighting and Duplex Outlets:   The VMS housing shall include an internal fluorescent lighting system to provide maintenance personnel with ample working lighting in day and night conditions. The switch control for the lighting system shall be located within reach of the VMS housing door.  All lighting and service outlets shall be connected to an isolated circuit, separate from the lamps and control electronics.




30.8.11.1
The VMS interior shall include a minimum of two 15 AMP 120 VAC duplex electrical outlets, with ground fault circuit interrupters, for use by maintenance personnel. At least one duplex outlet shall be located at each end of the VMS housing.



30.8.12
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Painting: All outside surfaces shall be painted or anodized. The exterior color of the housing, excepting the front face, shall be flat white or flat tan, with the final color selection being approved by the Department. The inactive portion of the front face shall be flat black.




30.8.12.1
If the CONTRACTOR elects to paint the exterior of the cabinet, the method used for surface preparation and painting shall be approved by the Department.



30.8.13

seq level3 \h \r0 
Front Panel:All housings shall include a single sheet, UV stabilized, polycarbonate or Lexan front panel. The front panel shall be mounted securely so as to meet the wind loading requirements as stated above in the General Requirements under VMS Housing. The front panel shall not obscure any pixel in the sign.




The sign shall be designed to ensure that the front panel does not fog or discolor during sign operation.  Further, the sign shall be designed to allow a single technician to clean the inside of the sign face in 3 hours.  The outside panel and sign case shall be designed to allow cleaning with a high pressure water spray.



30.8.14
The sign background shall include a flat black border of at least 12 inches around the outside of the active display area.



30.8.15
VMS Housing Door and Platform:  The VMS shall have a door and platform provided as in accordance with the statements herein.




30.8.15.1
The VMS housing door shall be a rain-tight/dust-tight door with minimum doorway opening dimensions of 5 feet high by 2 feet wide. The VMS housing door shall have a stop to retain the door open at the 90 degree and 120 degree position. The VMS housing door shall be furnished with a door lock that is keyed to a standard Type 2 traffic signal controller cabinet lock. The on-off switch for the VMS housing internal lighting shall be immediately inside the VMS housing door.




30.8.15.2
The platform shall be a catwalk-style landing area to provide access to the VMS housing door. The platform shall be designed and constructed in accordance with all applicable OSHA and AASHTO standards for signing/lighting catwalks and platforms. The platform shall have a folding handrail. The platform shall be the same width as the VMS housing side to which the platform is attached and shall have a minimum 4 foot and maximum 6 foot length. The platform shall be designed and constructed to be as lightweight and to offer as little wind resistance as possible. The platform shall be solely and fully supported by the VMS housing and the platform shall make no attachment or connection to any member or component of the overhead sign structure.




30.8.15.3
The door shall also include a door-open switch which shall be read by the sign controller and reported to the central control system whenever the door is opened.  Note that even if the sign is not polled for status while the door is open, it shall store this change and report the condition at the next status poll to ensure that the central system is notified each time the door is opened.


30.9

seq level2 \h \r0 

seq level3 \h \r0 
METHOD of MEASUREMENT



Variable message Sign Assemblies for freeways shall be measured for payment by the number of units each, complete with all components and requirements provided as specified herein and delivered as directed by the Department.


30.10
BASIS of PAYMENT



Variable Message Sign Assemblies for freeways will be paid for at the contract unit price each as measured above, which shall be payment in full for all equipment, labor, tools, transportation and incidentals necessary to complete this item of work.

31
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ITEM 31. FIBER OPTIC VMS ASSEMBLY, Type 2 - Surface Street


31.1
SCOPE:


This Subarticle specifies the requirements for equipment, materials, and installation of the fiber optic variable message sign (VMS) to be furnished. A variable message sign shall include:



31.1.1
A VMS sign assembly complete with all electrical and mechanical components in accordance with these specifications.



31.1.2
A local controller cabinet complete with all necessary controllers, controls, power service, protection devices, etc. as required.



31.1.3
A system communications modem or other  required devices to connect the VMS to the system for remote control.



31.1.4
All incidental equipment, materials, wiring, conduit, cabling, testing, and work to provide a complete and accepted VMS.



31.1.5
All software for the VMS components and software for the lap-top computer used for operation and diagnostics via the local control port at the VMS control cabinet.


31.2
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GENERAL REQUIREMENTS


The CONTRACTOR shall furnish a variable message sign for the ATMS project in accordance with these SPECIFICATIONS.



31.2.1
The CONTRACTOR shall provide shop drawings and submittal data for the VMS which shall include, but not be limited to, the following:




a.
All documentary items as specified herein.




b.
Design, materials, and construction of the VMS display and housing;




c.
Design, materials, and construction of the VMS controller and communications modem;




d.
Design, materials, and construction of the VMS housing door and platform; and




e.
Materials and attachment method of the horizontal and vertical conduit




f.
Design, materials, and installation  requirements for all connections between the sign elements and with the  communications network and power.




All structural and electrical designs shall be certified by a registered professional engineer licensed in the State of Utah.


31.3
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VMS CONFIGURATION


The VMS shall have 2 continuous line matrix display of 75 pixels across by 7 pixels high (1050 pixels). The display shall consist of pixel modules, with each module having a 5 (horizontal) by 7 (vertical) matrix of pixels.  Pixel modules shall be individually replaceable.



31.3.1
Signs shall have the following parameters:




a.
Pixel spacing shall be such that seven pixels in height shall be 12 inches (+- .5 inches) from the top of highest pixel to bottom of lowest pixel;




b.
Equal horizontal and vertical pixel spacing, center to center and gap between pixels;




c.
The total weight of the VMS shall not exceed 2000 pounds;




d.
The sign shall be readable from a minimum of 600 feet away under all weather and lighting conditions.



31.3.2
All components and subassemblies shall be interchangeable between the signs of  the same character height. VMS controllers shall be identical for all signs.



31.3.3
Indicators:  All indicators shall have a minimum ±45 degrees cone of visibility with its axis perpendicular to the front panel. All indicators shall be readily visible at a radius of up to four feet within the cone of visibility when the indicator is subjected to 9,000 foot-candles of white light with the light source at 45 (±2) degrees to the front panel. All indicators shall have a rated life of 100,000 hours minimum.



31.3.4
VMS Pixels:  Each fiber optic pixel shall consist of at least one light point made up of a fiber optic bundle with its end fitted with a lens.




31.3.4.1
The lighting source for the fiber optic  pixels shall consist of two 50-watt quartz halogen lamps consisting of a primary lamp and a "backup" lamp per module group. The maximum lamp voltage shall not exceed 10.8V RMS.




31.3.4.2
The average service life of the lamps shall be 8,000 hours.  The lamp and reflector shall be a single unit. It shall be possible to service the lamps from the inside of the sign and without the use of any special tools.




31.3.4.3
Each "primary" lamp shall be backed up by a "secondary" lamp. Switching from the "primary" lamp to the "secondary" lamp (and vice versa) shall be automatic.  It shall be possible to light the "primary" and "secondary" lamps simultaneously (overbright condition) to increase the light output of each pixel,  Each lamp shall be monitored by the VMS controller for subsequent transmission of lamp status information to the control center.



31.3.5
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Circuitry shall be provide to "soft-start" the lamps to extend filament life. Light output from each pixel shall be at least 33 cd. The color of the emitted light shall be amber.



31.3.6
Alternative lighting source arrangements will be considered for approval by the Department.



31.3.7
Only high quality step index glass optical fiber shall be used. Each fiber optic harness shall contain spare bundles equal to 5 percent of the total bundles used per module. Each optical fiber light guide end shall be fitted with a lens which shall produce an emission controlled angle equal to 14 degrees centered around the optical axis.



31.3.8
All materials used in the fabrication of the pixel display modules shall not be damaged by direct exposure to sunlight.


31.4
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VMS CONTROLLER


The VMS controller equipment and associated wiring shall be furnished in the VMS controller cabinet.



31.4.1
VMS controller equipment shall be mounted in the EIA Rack.



31.4.2
VMS controller circuit breakers, fuses, switches, and indicators shall be readily visible and accessible when the VMS controller cabinet front door is open.



31.4.3
The assembly or panel depth dimension shall include the terminal blocks and assembly mounted part of any connectors.



31.4.4
All assemblies and panels shall allow air circulation through the top and bottom unless specifically called out otherwise.



31.4.5
Assemblies shall be fabricated of 0.0625 inch minimum thickness aluminum or stainless steel sheet. The metal surface shall be treated with clear chromate.



31.4.6
Local control shall be accessed via a hexidecimal keypad and LCD text display.  The LCD shall be a minimum of .25 inch letters and shall be back-lit for visibility at night.  



31.4.7
The VMS controller shall include an industry standard DB-9 connector which shall allow attachment of a lap-top computer for operation of local diagnostics and verification of proper sign operation.


31.5
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SIGN OPERATION


The sign shall have the capability to be operated either locally or centrally.



31.5.1
Central Operation: The controller shall accept commands and issue responses through an RS232C data port at a selectable speed from 1200 bps to 19,200 bps, 8-bits, odd/even/no parity, 1 stop. The controller shall be capable of responding to each data message type as listed in Appendix A (of Category 5 - Variable Message Signs), issue a response to central, and cause the sign at its location to respond visually as indicated in Appendix A.



31.5.2
Local Operation: The controller shall be capable of operating in a local control mode. Local control operations shall be possible without the need for any external device. The following minimum operations are required:





a.
Operator selection of dimming levels.





b.
Operator selection of up to 32 pre-stored downloadable messages.





c.
Diagnostic routines capable of testing full sign operation.




31.5.2.1
Local control shall be switch-activated inside the VMS controller cabinet, and shall be accomplished via a keypad with menu-driven LCD display.  While in the local control mode, the VMS master shall continue to monitor the sign’s status and display.  It shall be possible to over-ride all local controls or resume central control from the central controller without the intervention  of field personnel.




31.5.2.2
Local Timeout Operation: The following timers are required:





a.
Hardware watchdog timer - this shall reset and cause the sign to blank whenever communications with the hardware has failed for 30 seconds.  This is intended to detect the failure of the VMS controller (not the central system).





b.
Communications Watchdog - this timer shall ensure that if no communications are processed during the Communications Timeout (configurable per Appendix A, default 10 minutes). When the timeout occurs the sign shall return to a blank state.





c.
Local Timeout - The controller shall resort to central communications after 30 minutes of no activity at the local controller.  This shall be configurable from the local keypad.




31.5.2.3
Local reset capabilities  - The sign shall be designed for unattended operation and shall include the capability of resetting the communications modems, power supplies, and other related devices when required.  The CONTRACTOR shall detail the method used to effect VMS and communications reset to eliminate the necessity to cycle the power on the sign to correct an apparent problem.



31.5.3
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Performance Characteristics - The VMS shall meet the following minimum performance specifications:





a.
The time  delay between the receipt of a message (from the central system) and the display of the message shall not exceed 1 second.





b.
Timing parameters for the display of the messages, flash times, on times and off times shall not vary with the complexity of the message being displayed.





c.
The time required to fully transition from one display to the next presentation, whether blank or another message shall not exceed .5 (one-half) second.  Further, the time required to fully transition from a blank condition to a valid message display shall not exceed one-half second.





d.
The time delay between the reception of a command and the start of a response to central shall not exceed 50 ms.


31.6
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COMMUNICATIONS MODEM


The CONTRACTOR shall furnish an industry-standard communications modem to provide a fully functional communications interface between the central control center and the VMS controller. All cables, connectors, interfaces, filters, protection devices, and incidental items required for full operation shall be in accordance with the modem manufacturer's requirements



31.6.1
The modem shall meet the minimum requirements specified below:




a.
The modem shall have indicator lights for the following signals: Carrier Detect, Data Transmit, & Data Receive. The indicators shall be visible in the normal operating position of the modem.




b.
The modem may be housed in its own cabinet or be a plug-in board to the main VMS controller.



31.6.2
The system communications modem shall be fully compatible with and fully support all functionality of the system communications modem installed at the central control center.


31.7
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VMS DIMMING SYSTEM


Each VMS shall be provided with a system which shall sense the background ambient light level and provide a minimum of seven field-adjustable intensities (dimming).



31.7.1
The dimming system shall contain three commercially available photo-electric sensors installed in water-tight metal enclosures on the VMS housing. The photo-electric sensors shall have a 0.25 square-inch (minimum) photo-sensitive area. The photo-electric sensors shall be capable of being continually exposed to direct sunlight without impairment of performance. The water-tight metal enclosure shall have a 1.00 square inch area (minimum) glass window area. (Note - a circular window may be used with 1 square inch area) The photo-electric sensors shall be placed so that they view the front, rear, and top of each sign.



31.7.2
The dimming system circuitry shall select one of seven levels from either the sensed ambient light when operating in local mode or from commands sent from the central control system, when operating in remote mode. The dimming system shall be capable of sending readings from all three photocells (255 levels each) to the central control system.




31.7.2.1
Dimming shall be implemented by voltage or phase control of the lamps and by the number of lamps selected.




31.7.2.2
All seven intensity levels shall be separately adjustable with a discrete 10-turn potentiometer, or other method approved by the Department.




31.7.2.3
The set points for each of the seven ambient light levels shall also be adjustable with a discrete 10-turn potentiometer, or other method approved by the Department.



31.7.3
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The dimming circuit and VMS power system shall have electrical devices installed to minimize RFI noise generated by the VMS both on the power line and radiated by sign circuitry.



31.7.4
The controller circuitry shall determine the operating mode (local or remote) and select the appropriate method of implementing dimming.



31.7.5
Alternative dimming systems will be considered for approval by the Department.


31.8
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VMS HOUSING


General Requirements: Housings shall have interior non-corrosive metal cage support frames to mount the display elements. The cage support frame shall be designed to withstand and minimize vibrational effects to the display and/or electronic elements.


The VMS housing shall meet all wind loading requirements as specified in the DEPARTMENTs Structures Design Guidelines.



31.8.1
The VMS housing shall be provided with two lifting eyes to be used when placing the housing on the sign structure. The lifting eyes shall be located such that the sign will remain level while being lifted. Each eye shall have a minimum diameter of 1.00 inch. The fully assembled sign shall be lifted into place using both lifting eyes. Each lifting eye, however, shall have sufficient structural strength to allow the sign be lifted or moved without damage or permanent deformation to any part of the sign.



31.8.2
The VMS housing shall be designed such that the VMS can be shipped and temporarily stored without damage or undue stresses prior to installation on the overhead support structure. The VMS shall be provided with a temporary storage support frame that will permit the storage of the VMS in an above-ground vertical position.



31.8.3
The VMS housing shall be designed to allow mounting at angles up to +/- 3 degrees from horizontal.



31.8.4
All VMS housings shall be constructed to present a clean, neat appearance. The equipment located within housings shall be protected from moisture, dust, dirt, and corrosion.



31.8.5
Housings shall be fabricated from 0.125 inch (minimum) thick 3003-H14 or 5052-H32 aluminum alloy and shall conform to the latest AASHTO publication entitled "Standard Specifications for Structural Supports for Highway Signs, Luminaries, and Traffic Signals."



31.8.6
All surfaces shall be free of dents, scratches, burrs, weld burns, or abrasions. The manufacturer's name and month and year of manufacture shall appear on the inside of the VMS housing.



31.8.7
All sharp edges and corners shall be rounded.



31.8.8
Welding: All exterior seams shall be continuously welded and each weld shall be uniform flow. All welds shall be neatly formed and free of cracks, blow holes, and other irregularities. Welding on aluminum housings shall be done by gas metal arc (MIG) or gas tungsten arc (TIG) process using bare aluminum welding electrodes. The electrodes shall conform to the requirements of the American Welding Society (AWS) A5.10 for ER5356 aluminum alloy bare welding electrodes. Procedures, welders, and welding operators for welding on aluminum shall be qualified in accordance with the requirements of AWS B3.0, "Welding Procedure and Performance Qualification," and to the practices recommended in AWS C5.6.



31.8.9
Ventilation: The VMS housing shall be provided with the necessary vents, filters, and forced air ventilation to provide ventilation for equipment inside the VMS housing.




31.8.9.1
All fans or other forced air devices for equipment shall be thermostatically controlled and shall use standard-sized easily-removable dust filters. The equipment ventilation system shall have a minimum rating of 1200 C.F.M. The thermostat shall have a minimum adjustable temperature range of 80 degrees F. to 125 degrees F. All intake and exhaust vents shall be rain-tight.  All fans shall be connected to an isolated circuit, separate from the lamps and control electronics.



31.8.10
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Screened weep holes shall be provided to allow the drainage of any water that may collect in the housing. There shall be no less than 4 weep hole with a diameter of 1/2 inch adequately placed to ensure proper drainage of water accumulated in the sign housing.



31.8.11
Lighting and Duplex Outlets:   The VMS housing shall include an internal fluorescent lighting system to provide maintenance personnel with ample working lighting in day and night conditions. The switch control for the lighting system shall be located within reach of the VMS housing door.  All lighting and service outlets shall be connected to an isolated circuit, separate from the lamps and control electronics.




31.8.11.1
The VMS interior shall include a minimum of two 15 AMP 120 VAC duplex electrical outlets, with ground fault circuit interrupters, for use by maintenance personnel. At least one duplex outlet shall be located at each end of the VMS housing.



31.8.12
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Painting: All outside surfaces shall be painted or anodized. The exterior color of the housing, excepting the front face, shall be flat white or flat tan, with the final color selection being approved by the Department. The inactive portion of the front face shall be flat black.




31.8.12.1
If the CONTRACTOR elects to paint the exterior of the cabinet, the method used for surface preparation and painting shall be approved by the Department.



31.8.13
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Front Panel: All housings shall include a single sheet, UV stabilized, polycarbonate or Lexan front panel. The front panel shall be mounted securely so as to meet the wind loading requirements as stated above in the General Requirements under VMS Housing. The front panel shall not obscure any pixel in the sign.




The sign shall be designed to ensure that the front panel does not fog or discolor during sign operation.  The outside panel and sign case shall be designed to allow cleaning with a high pressure water spray.



31.8.14
The sign background shall include a flat black border of at least 12 inches around the outside of the active display area.


31.9

seq level2 \h \r0 
METHOD of MEASUREMENT



Variable message Sign Assemblies for freeways shall be measured for payment by the number of units each, complete with all components and requirements provided as specified herein and delivered as directed by the Department.


31.10
BASIS of PAYMENT



Variable Message Sign Assemblies for freeways will be paid for at the contract unit price each as measured above, which shall be payment in full for all equipment, labor, tools, transportation and incidentals necessary to complete this item of work.

32
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ITEM 32. DRUM TYPE VARIABLE MESSAGE SIGN


32.1
INTRODUCTION



32.1.1

The intent of these specifications is to set requirements for a rotary sign system capable of displaying a variety of traffic advisory messages. The system shall consist of a walk-in sign housing, rotary drum display system hardware and electronic controls.


32.2

seq level2 \h \r0 
MESSAGE DISPLAY FORMAT



32.2.1

The sign system shall be capable of displaying three (3) lines of twenty-four (24) full-bodied characters per line.


32.3
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SIGN CONSTRUCTION



32.3.1

All materials furnished, assembled, fabricated or installed under this item shall be new, corrosion resistant and in strict accordance with the details shown in the plans and as detailed in this specification.



32.3.2

The equipment design and construction shall utilize the latest available techniques with a minimum number of different parts, subassemblies, circuits, cards and modules to maximize standardization and commonalty. The equipment shall be designed for ease of maintenance. All component parts shall be readily accessible for inspection and maintenance. Test points shall be provided for checking essential voltages.



32.3.3

The Sign shall be designed for a minimum life of 20 years.



32.3.4

The sign shall be designed and constructed so as to present a clean neat appearance. Poor workmanship shall be cause for rejection of the sign.



32.3.5

If cable attachments are used in the sign housing, the cables shall be securely clamped as approved by the Engineer. No adhesive attachments will be allowed.



32.3.6

The equipment within the sign housing shall be protected from moisture, dust, dirt and corrosion.



32.3.7

The sign housing shall be capable of withstanding a wind loading of 80 m.p.h. without permanent deformation or other damages.



32.3.8

The performance of the sign shall not be impaired due to continuous vibration caused by wind, traffic or other factors. This includes the visibility and legibility of the display. 



32.3.9

The presence of power transients or electromagnetic fields, including those created by any components of the system, shall have no deleterious effect on the performance of the system. The system shall not conduct or radiate signals which will adversely affect other electrical or electronic equipment including, but not limited to, other control systems, data processing equipment, audio, radio and industrial equipment.



32.3.10

All electronic components, except printed circuit boards, shall be commercially available, easily accessible, replaceable and individually removable using conventional electronics repair methods.



32.3.11

All electronic assemblies shall meet or exceed IPC 610A workmanship standards.


32.4
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ROTARY DRUM DISPLAY



32.4.1

The characters shall be a translucent fluorescent yellow with opaque matte black background and shall be a minimum of eighteen (18") inches in height.  The characters shall be full-bodied and approved by the engineer.  Dot matrix characters are not acceptable.



32.4.2

There shall be three rotors, one per line. Each rotor shall have a storage capacity of six (6) pre​programmed messages. The message storage medium shall be designed for easy replacement of individual characters for future reprogram​ming of messages from within the sign housing without the use of tools. Selection of each message line shall be independent of all other message lines in order to select a variety of message line combinations.



32.4.3

The message display area shall be designed to permit maximum exposure of copy to direct sunlight and ambient daylight for optimum daytime legibility without artificial illumination. When in viewing position, the copy shall be parallel to and not more than four and one half (4-1/2) inches from enclosure windows.



32.4.4

The sign system shall also incorporate an internal illumi​nation system of at least two (2) independent 800 ma fluorescent lamp circuits on -20 degrees F ballasts to internally illuminate the charac​ters in each message line during conditions of reduced ambient light. The fluorescent lamps shall be located within each rotor, not less than six (6) inches behind the characters. All lamp circuitry shall be hard-wired without electrical commutation. The internal illumination system shall be photo-electrically controlled. The internal illumination shall be turned off when there is a blank message and during message changes.


32.5
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SIGN ENCLOSURE



32.5.1

The sign enclosure shall be constructed of aluminum and shall withstand a minimum one hundred (100) mph wind load. The enclosure shall have fixed lifting lugs and snow retainer incorporated into the top surface.  All hardware shall be corrosion-resistant. The enclosure shall have provision for diverting water away from the front of the sign and shall have a full length drip edge above the top window.



32.5.2

The enclosure shall be of rain-tight construction and shall be sealed to prevent infiltration of dust and road grime. 



32.5.3

The bottom panel of the housing shall have a minimum of four drain holes, with snap-in, drain plug inserts, in each section formed by internal structural members.


32.6
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DIMENSIONS AND WEIGHT





a.
Length not to exceed 294 inches





b.
Height not to exceed 126 inches





c.
Depth not to exceed 78 inches





d.
Weight not to exceed 7500 pounds


32.7
FRAME



32.7.1

The frame shall be 6061-T6 or 6063-T6 aluminum tubing not less than 0.250 inches thick and shall be continuously welded at all joints using an inert gas process.


32.8
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EXTERIOR SKIN



32.8.1

All exterior skin panels shall be a minimum of 0.080 inches thick aluminum 5052-H32 or 3003-H14 and shall be stitch welded to the frame at intervals not to exceed six (6) inches. The skin on the top, bottom and back of the housing shall be 0.125 inches thick minimum. All exterior seams shall be continuously welded by an inert gas process, except for the face.


32.9
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FACE



32.9.1

The housing face will be of a three piece construction, consisting of internal structural members, external facia panels and window assemblies.



32.9.2

There shall be no exposed fasteners or welds on the housing face.


32.10
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INTERNAL STRUCTURAL MEMBERS



32.10.1

The Internal Structural Members shall:





- Be extruded aluminum.





- Accommodate air distribution to the face.


32.11

seq level2 \h \r0 
EXTERNAL FACIA PANELS



32.11.1

The External Facia Panels shall:





Be extruded aluminum.





Be designed to keep heat conduction to a minimum between the exterior surfaces and the interior components.





·.
Incorporate provisions for retaining and sealing the window assemblies and have a gasket track for a closed-cell resilient gasket.





·.
Be finished with a matte black, licensed factory applied KYNAR 500 Resin, fluropolymer based coating system.


32.12
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WINDOW ASSEMBLY



32.12.1

The sign enclosure shall incorporate a window assembly containing a separate window for each line of copy. Each window shall be glazed with 1/4 inch thick UV stabilized polycarbonate sheet, LEXAN XL or equivalent. The glazing shall be anchored in the center and shall be sealed around its entire perimeter with a wiper type gasket to allow expansion and contraction without breaking gasket seal. The window assembly shall be slanted at a minimum of 7 degrees to minimize horizon reflections.


32.13
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SURFACE FINISH



32.13.1

The face will be finished with a matte black, licensed factory applied KYNAR 500 Resin, fluropolymer based coating system. All other exterior surfaces will be a natural aluminum mill finish.



32.13.2

All surfaces visible through the windows, including the rotary drums, shall match the matte black background of the copy.



32.13.3

A certification shall be required from the licensed factory KYNAR 500 coater for all aluminum face materials.


32.14
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ACCESS DOOR



32.14.1

A three point lockable aluminum access door shall be provided at the end of the housing as shown in the plans to enable easy access to the walk-in housing.



32.14.2

This access door shall be a minimum of seventy-two (72) inches high and three (3)feet wide. The door will be fitted with a handle operated locking mechanism, closed cell neoprene gasket and a stainless steel hinge.



32.14.3

The locking mechanism shall be a heavy-duty, industrial-strength, three-point, dead-bolt, center-case lock with a zinc finish. There shall be a handle on both the inside and the outside of the door. These handles shall be heavy-duty, industrial-strength with a zinc finish. The outside handle shall be pad-lockable.



32.14.4

Included in the door assembly shall be a device to hold the door open at 90 degrees.


32.15
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WALKWAY



32.15.1

The walkway shall be a minimum width of twenty-four inches and shall span the entire length of the sign housing.


32.16
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HEATING AND VENTILATION



32.16.1

The sign enclosure shall incorporate a thermostatically controlled forced ventilation system capable of one complete volume change per minute. The intake and exhaust ports shall have standard sized, easily accessible, reusable electrostatic filters. Outside air shall be distributed through a duct system that extends the length of the sign. The duct system shall evenly distribute air between the windows and the display side of the drum. Air shall also be directed to the sign controller sub-housing. The equipment in the sign housing shall be protected by a fail-safe, back-up system in the event of a ventilation thermostat failure.



32.16.2

The sign housing shall be equipped with a minimum of two 750 watt thermostatically controlled 220/240 volt heaters with a combined rating of 5,000 BTU/hr. The normal setting for sign operation will be 0 degrees F. 



32.16.3

The thermostats shall be lockable and adjustable from 70 degrees F to 110 degrees F for ventilation and from -20 degrees F to 50 degrees for heating. Two 60 minute time switches to override the thermostat control shall be located adjacent to the housing thermostat; one clearly labeled for the "HOUSING HEATING" circuit, the other clearly labeled for the “VENTILATION”" circuit.


32.17
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INSULATION 



32.17.1

Following painting, all available wall, floor, and ceiling surfaces shall be insulated to minimum R-value of 6. An additional internal surface to preclude glass fibers from being released shall be installed if fiberglass insulation is used. The internal surface shall be white or aluminum color regardless of insulation type. The walk​ way shall be installed to preclude walking on the insulation.


32.18
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DRIVE MECHANISM



32.18.1

The sign enclosure shall incorporate a separate electro-mechanical actuating mechanism for each rotor. The rotors shall be positioned with an electro-mechanical disk brake capable of plus or minus two (2) degrees accuracy. Each mechanism shall have provisions for manual message selection in the event of electrical component mal​function or power failure. All components of these mechanisms shall be sealed or permanently lubricated and shall be of sufficient qual​ity and capacity to assure dependability and eliminate periodic ser​vice requirements. The drive mechanism shall rotate a drum 360 degrees in eight seconds or less.


32.19
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MASCULINES



32.19.1

There shall be a minimum of three 120 volt, 15 amp duplex receptacles on the inside back of the cabinet. There shall be a minimum of three incandescent light fixtures near the back corner of the housing, spaced to properly illuminate working areas. Provisions for storing spare fluorescent tubes and a drawing pocket shall be within the sign housing. These provisions shall not obstruct the walkway.



32.19.2

The sign shall also have a safety interlock circuit integrated with the interior lighting circuit to prevent inadvertent rotor actuation when the sign housing is occupied.



32.19.3

The Drum Type VMS shall be provided complete with all brackets, adapters, and hardware required to mount the sign.


32.20
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ROTARY DRUM SIGN CONTROLS



32.20.1

The Rotary Drum Sign shall be operable from two locations. Normal control shall originate from a remote office when control and sign status are provided over switched (dialed) telephone lines using the central computer. Secondary control shall be provided in the sign cabinet by using the controls on the maintenance panel contained in the sub-housing.



32.20.2

Sign control commands from the central computer to the sign controller shall include the message for each rotor to display.



32.20.3

Sign status information feedback from the sign controller to the central computer shall include the actual message that was displayed by each rotor.


32.21
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SIGN CONTROLLER



The control equipment located in the sign housing shall be located in a NEMA-1 sub-housing at the end of the sign opposite the entrance. The equipment contained in the sub-housing are as follows: 




(1)
Model 170 traffic controller 




(2)
SM-2400 dial-up modem, model 400 multi-drop modem or FO 212 fiber-optic modem




(3)
Manual maintenance control panel 




(4)
Control switches for motor drivers and ballasts 




(5)
Ballasts for message illumination




(6)
Heater and thermostat



32.21.1

Normal operation is automatic answering for remote, unattended, operation of the sign. The 170 controller shall control the operation of the rotors, ballasts and communications with the remote console. The 170 traffic controller shall be unmodified and meet the latest specifications as published by Caltrans specifications for the 170 traffic controller. The operating program for the sign shall be contained in the traffic prom modules. One spare set of programmed proms shall be provided in addition to complete program flow charts, source code and object code listings.



32.21.2

The maintenance panel shall provide an independent means of advancing each rotor one or more positions at a time. Rotor position displays shall be provided to allow visual conformation of each rotor position. Test switches shall be provided to allow manual operation and testing of the fluorescent lights and ballasts. Solid state zero crossing switches shall be used to switch power to the rotor motors and ballasts. The switches shall be of the potted module type rated at 400 VAC or greater and 25 amps. The ballasts shall be located in the bottom of the sub-cabinet and be wired to terminal blocks located on the side panels of the sub-cabinet. The wiring shall be as direct and simple as possible in order to​ facilitate ballast replacement.


32.22
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DOCUMENTATION AND TRAINING 



32.22.1

The contractor shall provide four complete sets of documentation. This documentation shall include schematics, mechanical drawings, parts lists and descriptions of the operation and maintenance of the sign and remote console. Complete software documentation shall be provided separately with the 170 controller manuals as provided by the controller manufacturer. One day of training shall be provided for up to 10 personnel at a site chosen by the state. Operation and maintenance documentation shall be provided for this number of personnel in addition to the four complete sets of documentation previously required.


32.23
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METHOD OF MEASUREMENT.  Drum Type Variable Message Sign will be measured as a unit each, delivered as directed by the Department


32.24
BASIS OF PAYMENT.  The Rotary Drum Type, Variable Message Sign, measured as provided above, shall be paid for at the contract unit price of each, which price shall be payment in full for furnishing the complete sign according to the specifications of the category; for verification of equipment and field mounting requirements; and for all labor, tools, equipment, transportation, and incidentals necessary to complete this item of work.  

33
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ITEM 33. RAMP METER WARNING SIGN 


33.1
GENERAL DESCRIPTION



33.1.1
The purpose of this specification is to describe the minimum requirements of a complete Ramp Meter Warning Variable Message Sign System and software. The main components of a complete system include the Sign(s); Controllers and System Software as described herein.


33.2
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FUNCTIONAL CHARACTERISTICS



33.2.1
General 




The Variable Message Signs (VMS) shall permit the display of electronically controlled light emitting text by individual alphanumeric or graphic characters. The sign itself will consist of two full matrix lines with nine characters for each line. The character height is specified below. Alphanumeric characters shall be composed from 35 individual pixels arranged in a 5 column by 7 line matrix. Each pixel, in turn, shall consist of a single electromagnetic non-reflective optical shutter with 3 apertures, arranged in a triangular pattern, that can each receive a single Fiberoptic bundle.  



33.2.2
Display Characters




33.2.2.1

Each character shall be capable of displaying the following in the English language:






•
Any upper case letter (using the complete height of the matrix)






•
Any lower case letter






•
Any punctuation character






•
Any digit from 0 to 9






•
Semi-graphic characters




33.2.2.2

Changes from one message to another shall take place without any visual disturbance or high speed scrolling of messages.




33.2.2.3

Average character legibility shall be in accordance to the following table:


TABLE I - CHARACTER LEGIBILITY

	PRIVATE 
NOMINAL CHARACTER HEIGHT (Inches)
	TYPICAL READABILITY DISTANCE (Feet)

	12.5
	750



33.3
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PHYSICAL CHARACTERISTICS



33.3.1
General




Each sign shall consist of a housing, contrast shields, optical systems, internal wiring, terminal strips for interconnecting wire, duplex outlets, and 3 photosensors. Flashing beacons, communication jacks and headsets, heating strips, temperature sensors,  and other equipment as called for  herein.



33.3.2
Environmental Behavior




The signs shall be capable of operating without any decrease in performance over an ambient temperature of -30 F   to +165 F with a relative humidity of up to 95% without requiring fans, air conditioners or heaters. In addition, they shall be capable of withstanding wind pressure of 74 psf (AASHTO 120 mph) without permanent deformation.


33.4
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SIGN CONSTRUCTION AND MOUNTING



33.4.1
General




33.4.1.1

The housing shall utilize a minimum thickness of 1/8" A6005 T aluminum alloy plates continuously welded in place, and A6005 T5 aluminum extrusions bolted with stainless steel bolts. Framing members shall be made of 6061-T6 aluminum alloy or approved equal.




33.4.1.2

The back, top, bottom and sides shall have a maintenance free, clear anodized satin aluminum finish, while the front parts shall have a matte black non-reflective finish. Painted surfaces will not be acceptable. Screened ventilation louvers and filtered drains shall be included to eliminate moisture buildup.




33.4.1.3

The housing shall include character modules assembled into "character groups", access doors, front faces and wiring.




33.4.1.4

The character modules shall be formed from  5 X 7 matrices of pixels, with identical horizontal and vertical spacing between each individual pixel. For maximum legibility at all distances, the separation between character modules shall be uniform and shall not contain any light emitting or reflective characteristics. The distance between the last column of one matrix and the first column of the next shall be 2 to 3 times the center-to-center spacing of columns between pixels within a single matrix.




33.4.1.5

Three character modules shall be assembled onto one frame to form a single character group. Each group shall contain a lamp assembly, character modules, Fiberoptic harnesses, color filters and transformers. All character modules and character groups for like sized character heights shall be fully interchangeable within the sign, and the replacement of a character group shall be possible without the use of tools.




33.4.1.6

The housing shall protect the character groups from the elements by the use of a 1/4 inch front face panel made of polymethacrylate. For ease of maintenance, each front face panel shall be limited to the size of one character group. All front face panel surfaces not directly in front of a light emitting pixel shall be covered with a flat black material to reduce glare and increase the contrast ratio. Front faces shall be gasketed to prevent the entry of water, dust, and dirt, and shall be easily removable by a single person.




33.4.1.7

Access to the interior of the housing for routine maintenance or inspection shall be by access doors mounted on the front of the sign. Each door shall open from the bottom to help prevent the elements from entering, and shall have two locking mechanisms. In addition, each door shall open and close, and be retained in the open position by rigid telescoping retention devices. Stops shall be provided to keep the doors open in multiple stops from 90 to 165 degree positions. One access door shall be provided for each character group. 




33.4.1.8

The sign housing shall come equipped with slotted aluminum extrusions mounted across the back of the sign in the vertical position. Each extrusion shall accept manufacturer supplied stainless steel mounting bolts and nuts with the heads fitted to slide within the extrusion for complete adjustability in the vertical direction. This configuration shall allow the sign to be mounted to horizontal members on the structure and mounting plates attached to "U-bolts", or hardware supplied by others.  Access to character groups shall be via doors located on the front face approximately every three characters.


33.5
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CHARACTERISTICS AND COMPONENTS



33.5.1
The lamp assembly and Fiberoptic harnesses attached to each character group shall be mounted on a vibration absorbing platform and shall include two 50 watt quartz halogen lamps with parabolic reflectors. The lamps shall operate at 10 volts or less, and shall be rated for an average service life of 8000 hours by the manufacturer.



33.5.2
One of the two lamps shall be designated as "primary" for normal  use, and the other as "secondary". Both the primary and secondary lamp shall be capable of illuminating every pixel equally within the character group. It shall also be possible to non-mechanically switch from one lamp to the other in less than 100 msec if the primary is out; or, to dim a lamp to approximately 1/2 voltage to night-time levels; or, to illuminate both lamps at full voltage if unfavorable conditions such as intense low azimuth sunlight occurs. 



33.5.3
The transformer supplying the lamps shall be field adjustable having taps on both the primary and secondary sides. These shall be used to adjust the voltage to the rated lamp voltage for the day and overbright levels, and the reduce voltage for ambient night conditions. Both of these adjustments shall be site specific. 



33.5.4
The primary side shall have taps to allow for either 120 or 240 VAC supply.  A jumper shall determine the input voltage as 120 or 240 VAC.  The transformer shall be designed to produce a constant voltage output (±5%) regardless of current load on the secondary and regardless of input voltage with NEC ranges.



33.5.5
Each individual lamp shall be continuously monitored by the VMS controller, and if a primary lamp burns out, the secondary shall automatically take its place. When the primary lamp is replaced, it shall automatically be activated, and the backup lamp extinguished. 



33.5.6
The optical fiber contained in the harnesses shall be manufactured using high quality step index glass-on-glass optical fiber possessing maximum light transmission characteristics, and pixel to pixel uniformity. Each individual fiber bundle shall be sheathed with a PVC jacket to prevent damage from handling, vibration or small radius turns. All Fiberoptic bundles within a character group shall converge at one of two common ends in close proximity to the lamps. Installed between the lamps and the common ends shall be a yellow, stabilized, and heat resistant glass color filter with  chromaticity traits in accordance to CIE chromaticity diagram 1931, where 0.58 >x> 0.54 and 0.45 >y> 0.40 (for all light settings). Changing of the color filter or quartz halogen lamps shall be accomplished without the use of tools.



33.5.7
The output or display ends of the optical fiber bundles shall be equipped with convergence cones. These cones shall improve optical performance by producing a small emission angle and increasing axial intensity. With yellow filters and front face panel in place, and the lamps set to the overbright mode, the measured luminous intensity at the front face exterior, on the optical axis of each pixel, shall not be less than 14 candela for the 6 degree cone (12 degree viewing angle).



33.5.8
The output ends of the Fiberoptic bundles shall be firmly secured into the appropriate apertures of each pixel on the character module, but shall be removable without the use of any special tools. Fiberoptic bundles shall be placed in 2 of the 3 available pixel apertures to increase light output and stroke. In all cases, there shall be several spare bundles built into each harness. These shall be coiled neatly and stored with the output ends covered.



33.5.9
Each harness shall be tested and any bundles not producing optimum optical performance shall be clearly identified.


33.6
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ELECTRICAL CHARACTERISTICS AND COMPONENTS



33.6.1
Magnetic Shutter System




33.6.1.1

Each pixel shall have its 3 apertures controlled by an electromagnetic shutter system regulated by low voltage pulses. Upon receiving a momentary control pulse, the shutter shall rotate to open or close in front of the Fiberoptic bundles. Each shutter shall be mechanically independent and shall not require the removal of any other shutters to replace or service a single shutter. Rotation shall occur in one direction, and in one plane parallel to the front face to minimize the known effects of any dust accumulations on the shutter surfaces. The optical axis of all pixels shall be perpendicular to the front face; and, the supplier shall be able to certify that the shutters will have an average MTBF of 70 million rotations. 




33.6.1.2

In the closed position, no light leakage of any kind will be allowed under any condition or at any intensity level. Once a rotation is made, the shutters shall remain in a stable position and consume no electrical power until the next control pulse is received. To assure maximum contrast ratio and legibility to the light emitting source, each shutter mechanism shall be matte black and colorfast. And, to reduce the effects of fading from ultraviolet sun rays and reduce long-term maintenance, reflective materials will not be allowed as part of the shutter assembly.



33.6.2
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Electrical Wiring and Sign to Cabinet Connections




33.6.2.1

Terminations between the sign and the controller shall be made on screw type terminal blocks located within the sign at one location and shall be accessible for servicing via the access doors.




33.6.2.2

All connections between the character modules and the terminal blocks shall be made via positive locking, quick release connections.




33.6.2.3

Three GFCI service outlets connected on one circuit rated for 120 VAC, 15 amps shall be installed for service personnel use, in the middle, and both end sections, of the middle line housing. The GFCI shall be re-settable in the sign.




33.6.2.4

The 3 photosensors shall be mounted on the sign housing. One shall have a minimum range from 2 to 2000 lux to be used for day/night selection. The other 2 shall have a range of 2,000 to 20,000 lux for day/overbright selection.




33.6.2.5

The VMS supplier shall furnish all shutter, lamp, and photosensor control cables between the sign and VMS cabinet; all internal sign wiring; and one liquid-tight wire fitting for a 4" conduit. All other cables between the sign and cabinet, and their conduits shall be supplied by others. 


TABLE II - TYPICAL EXAMPLES OF CABLES TO BE FURNISHED

	PRIVATE 
FUNCTION
	MAXIMUM

VOLTAGE
	MAXIMUM

AMPERAGE
	MINIMUM

CABLE

	Shutters
	30 VDC
	1.0
	Mulitples of 24, 36,42, 50 or 56 pair #19 AWG TFFN

	Lamps
	55 VAC
	2.5
	Multi-Conductor #15 AWG Type TC

	Photosensors
	NEG
	NEG
	5C/#15 AWG TY TC

	Service Outlet
	120 VAC
	20
	3C/#13 AWG TY TC

	Other Optional
	Varies
	Varies
	see NEC

	Voice Communications
	NEG
	NEG
	3C/#19





33.6.2.6

The installing contractor shall install a 4 inch (minimum) conduit for the shutter, lamp control, and photo-sensor cables, and if allowed by local codes, the 120 VAC cable also.


33.7
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CONTRAST SHIELDS



The sign housing shall be completely surrounded by a flat black non-painted aluminum contrast shield to improve legibility. This shield shall be bolted to the sign and shall have rolled ends to assure rigidity in high winds. Minimum width shall be 10 inches.


33.8
SHIPPING, HANDLING, AND STORAGE REQUIREMENTS



In order to assure against damage while handling the signs, the VMS supplier shall furnish adequate bracing and/or lifting bars to move the sign housing. In addition, for testing and transportation, the VMS supplier shall furnish leg stands to hold the sign in an upright position.


33.9
ADDITIONAL SIGN EQUIPMENT



33.9.1
The following additional equipment shall be supplied for the VMS:




33.9.1.1
Phone Jacks and Headsets - Shall be a two wire voice powered system with a minimum range of one quarter mile without any distortion of sound.




33.9.1.2
Heating -  Heating strips shall be installed in the sign to melt ice and snow that could build up on the front faces of the sign. These shall operate at 120 VAC and shall be controlled by a thermostat with a 32 to 86 degree (F) range. Power consumption for heating strips shall be within 100 Watts per character group.




33.9.1.3
Beacons - These shall be 12 inches in diameter and shall utilize the same lamp as used in the signs. Lens color shall be yellow, and the beacons shall be located within the contrast shields as shown on the plans. Flashers shall be 2 circuit solid state design.


33.10
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MICRO-PROCESSOR BASED CONTROLLER



33.10.1
General Construction




33.10.1.1
The controller shall be a software driven microprocessor type with resident software stored in non-volatile memory. It shall consist of a 19 inch wide chassis, and 3U high printed circuit boards (PCB) with front panel indicators. The chassis shall house the controller power supply and inter-PCB bus to carry signals and power to all PCB's. Connections from the controller to the interfaces shall be by standard type "D" connectors mounted on the front for easy access when the cabinet door is open.




33.10.1.2
The PCB's to be used shall be of modular design. A Power Supply Module, Central Processor Module with a battery backup powered clock calendar to record power failures, Shutter Driver Module, Shutter Power Supply Monitor module (for monitoring power to the shutters), and Lamp Control Module shall be supplied in all cases.



33.10.2
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Communication Interface




The controller shall include two RS232C serial interfaces to communications, one for the Main Computer (MC), the other for a Laptop Maintenance Computer (LMC). This interface shall be capable of driving an asynchronous modem (dial-up, LDM, radio, or Fiberoptic) for communication over private, leased, or dial-up lines on point-to-point or multi-drop networks. In addition, if the communication system utilizes copper wire,  the VMS supplier shall also furnish adequate lightning protection. The MC and LMC are not included as part of this item.



33.10.3
Communications




33.10.3.1
Communications with the MC shall be asynchronous and take place in full or half-duplex mode using a multi-point character oriented protocol. Data transmission shall support the following data formats:






Number Data Bits:

7 or 8 bits






Parity:



EVEN, ODD, NONE, MARK, or SPARE






Number Stop Bits:

1 bit




33.10.3.2
Data rate transmission shall be configurable to select from 1200, 2400, 4800 or 9600 BPS (bits per second) and shall be set to the rate specified on the Item Sheet.




33.10.3.3
A transmission block shall consist of a header, which shall as a minimum contain the controller's address and a data block. A checksum character shall also be transmitted within the block to verify the block for corruption due to transmission errors.




33.10.3.4
Exchanges between the controller and MC shall only be made upon an MC request inviting the controller to send (select) or receive (poll) data.




33.10.3.5
Each sign controller shall be addressable by the MC via the communication system.



33.10.4
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Controller Functions




33.10.4.1
The controller shall continuously monitor the display of the sign, (independent of any external commands), and shall also cause the signs to display all the appropriate characters. Through the controller, the signs shall be capable of displaying a single static or a flashing message; or two alternating messages formed by two static or flashing messages.




33.10.4.2
The controller shall cause the sign to display characters and messages by turning the lamps on and off, and rotating the shutters to the correct position. In addition, it shall accumulate data about the status of the sign (to be transmitted upon request), and shall receive commands from the Master Computer (MC), Laptop Maintenance Computer (LMC), and, if required in the Item Sheet, a Local Panel.




33.10.4.3
The MC or LMC shall transmit the messages to be displayed together with the associated parameters (such as flashing, alternating, and display times) to the controller. The controller and its software shall transcribe the commands into information to control the sign, monitor its own PCB's and modules, and report to the MC/LMC any status changes, including, but not limited to: the status of any individual lamp of the sign, and out of service lamps.




33.10.4.4
Resident to the controller shall be the ability to start and download any message from the MC/LMC, and the ability to store 13 messages that can be operated from an optional local panel.




33.10.4.5
As a minimum, the following commands shall be available in the controller:






"Display" from MC or LMC - initiates a display






"Sign Status Request" - provides a report of the sign status as illuminated, blank or neutral; primary, backup, or abort operating mode; local or remote mode of displayed message; and day, night, or overbright as the light output level.






"Lamp Status Request" - provides an instantaneous indication of each primary and secondary lamp status as being operational or not operational. This request can be made regardless of whether a message is being displayed or not. 






"Brightness Level - adjusts intensity level to Night, Day, or Overbright level.






"Brightness Control" - defines the brightness output level as manual or automatic.






"Abort" - Disconnects the main power to the lamp transformer if a lamp cannot be extinguished normally.






"Sign off" - sets the sign to neutral or blankout.






"Echo" - sends back from the controller, the parameters of the message currently being displayed (i.e. text, flashing parameters, alternations, remaining display time).






Read/Set Clock Calendar






Read time of last power failure or recovery






Controller reset command






Read stored messages






Store new message






Write to non-volatile memory to change its configuration or redefine the font of a character.






Simulation Command - The controller shall have the ability to enter and exit simulation mode of operation. When the controller enters simulation mode, the sign shall be blanked (lamps off and shutters closed). All further display commands will be simulated. The controller will return the VMS status as if a message were being displayed on the sign, without activating the  lamps or shutters. When the controller exits simulation mode, it shall be possible to monitor the controller to determine whether it is in simulation mode or normal mode.




33.10.4.6
In addition to the above, the controller shall be capable of displaying the current time at any position on the sign, using its own battery protected clock calendar, and if called for on the Item Sheet, shall also display the current temperature in Celsius or Fahrenheit.



33.10.5
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Message Display Time




33.10.5.1
For each message, the operator shall be able to direct the controller to set a display time as either being unlimited or defined. If defined, it shall have a maximum of at least 64,800 minutes, or 45 days.




33.10.5.2
Upon termination of the display time for a message, the controller shall either blank the sign (no lamps lit and shutters closed), or place the sign in a neutral condition (a predefined message selected for inactive periods).




33.10.5.3
For alternating messages, the MC/LMC operator shall be able to select independent display times for each alternating segment, and the blank-out time between messages. These times shall be in 0.1 second increments from 0.3 to 25.5 seconds, for each part.




33.10.5.4
For flashing messages, the MC/LMC operator shall be able to select the flash ON and flash OFF time in 0.1 second increments from 0.3 to 1.5 seconds.



33.10.6
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Lamp Control




33.10.6.1
To eliminate the possibility of a false or momentarily incorrect message, the controller shall turn off all lamps during sign erasure or writing periods. Flashing of a message shall be controlled by turning the lamps on and off at user selected durations.



33.10.7
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Shutter Control




33.10.7.1
All changes to the shutters shall be made with the lamps off so there will be no visual effects. The writing of a message shall be made from the top left hand side of the sign as seen from the front, and shall proceed column by column (for one line at a time) across the sign, until each line is completed. The shutters for each column of each character shall change simultaneously over the column's 7 pixels.




33.10.7.2
Writing of a new message shall dictate that the previous message (if any) is erased. Erasure of a message (closing all shutters) shall take place in the same manner as writing (left to right column scan). Column scan rate shall be greater than 50 characters per second.




33.10.7.3
The controller shall automatically activate all shutters at a programmed time interval to repetitively exercise the shutters (as a preventive maintenance function).



33.10.8
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Operational Security




33.10.8.1
Lamp Tests





33.10.8.1.1
The controller shall test the status of every individual lamp in the sign at least 10 times per second. If a primary lamp is found to be not operational, the controller shall automatically select the secondary lamp. If the secondary lamp is also not operational, then the controller shall turn off the entire sign to prevent the display of an incomplete or erroneous message.





33.10.8.1.2
The controller shall also monitor the lamps to check that they extinguish upon a controller command. If they do not extinguish, the controller shall automatically terminate the power supply to all lamps. This "ABORT" function shall also be capable of being controlled manually by both the MC and LMC in case of emergencies.




33.10.8.2
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Power Line Failure





33.10.8.2.1
Power failures of less than one cycle shall have no effect on the sign. However, power failures of more than one cycle shall result in the following:







•
Extinguishing of all the sign lamps;







•
Saving of all parameters, including the current display in CMOS protected RAM ("Soft shutdown");







•
Reading the current date, and time, and the remaining display time of the current message.







Upon returning to power, the controller shall resume the current display (if there is time remaining in the display), and shall store the power failure and power recovery time and date for transferal to the MC.



33.10.9
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Communication Link Failure




33.10.9.1
Once a controller is placed in the remote mode (receiving commands from the MC), the controller shall monitor the communication channel between the controller and MC. If a predetermined time stored in the controller elapses without any communication from the MC, the controller shall be configured to perform one of the following: a) continue its current status,  b) set the sign to neutral (go to a predefined message), or c) blank the sign. Once communication is restored the MC can start any allowable message.



33.10.10
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Requirements for Local Control Panel




33.10.10.1
The Local Control Panel shall be located within the sign controller cabinet, and shall have switches for the following functions:






•
Control Mode Selection - to determine the VMS mode of operation (Remote or Local);






•
Message Selection - to select a blank message or any one of 12 messages stored in non-volatile memory of the VMS controller (when Control Mode is set to Local);






•
Test - activates a stored Test Pattern defined as the 13th message stored in the controller) when in the Local Mode.






•
Message Implementation - a push button switch to activate the selected message.

34
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ITEM 34 - RAMP METER WARNING SIGN SYSTEM SOFTWARE


34.1
SOFTWARE REQUIREMENTS



34.1.1
The master computer software shall implement a "multi-task" kernel to allow input from the user via the keyboard to occur simultaneously during communications with sign controllers. Communications with sign controllers shall include, but shall not be limited to, performing an update of sign status, starting a message to be displayed on the sign, etc.



34.1.2
Multiple commands, such as updating the status of multiple signs, and displaying messages on multiple signs shall be stored in a FIFO queue.  The communication task shall process each command as soon as it reaches the head of the queue.  Commands can be added to the queue either by the user's action (start a particular display, update the status of a particular sign), or from other tasks that automatically initiate commands (update a sign's status, start a message, etc.) based on an automatic sequence.



34.1.3
There shall be no noticeable delay of putting a command into the communications FIFO queue.  Once the data is validated, the user shall be able to continue using the software and access another function, while the command is placed in the queue.



34.1.4
User keyboard activity and communication activity, as well as any other tasks defined, shall not interfere with each other or cause the other to be delayed.



34.1.5
The master computer software shall be designed to be user friendly utilizing windows and color screens. For ease of maintenance, the software shall be written in C, or C++. Assembly language shall be limited to drivers and I/O management only, if required for processing speed.



34.1.6
The software shall be capable of the following capacities:





•
Control of up to 48 VMS sign controllers;





•
Ability to drive signs of different sizes from one to four lines of characters, with a maximum of 64 characters per any sign;





•
Access by as many as 64 users who shall be identified by a name, password, and access rights. The access rights shall be fully programmable for each user, and shall entitle or deny access to each individual function. To gain access to the system, the user must enter his/her name and password. After three failed attempts, the user's name shall be recorded in the log file;





•
Creating, modifying, and storing (on hard disk) up to 32 libraries consisting of as many as 256 displays per library. A default library shall be loaded into memory when the program starts from DOS;





•
Creating or modifying up to 64 sequences. A sequence shall allow the user, on a sign by sign basis, to select a display to be started, blank the sign, or leave the sign as is. When a sequence is activated, the MC software shall automatically send the commands to each sign as defined by the sequence. A sequence may be started  either manually from the MC keyboard, or automatically at a programmed time, and day of week, over a one week period. A sequence can be set up to start automatically, at the specified day(s) of week and time, for a set number of times, or indefinitely until the automatic sequence is turned off.



34.1.7
The software shall have the following communication requirements:





•
Support the use of at least 16, RS-232 communication ports;





•
Fully programmable communication parameters, including:






-
data transmission rates of 1200, 2400, 4800, or 9600 bps






-
stop bits (1 or 2)






-

data bits (5, 6, 7, or 8)






-
parity EVEN, ODD, NONE, MARK, or SPACE





•
Communication with the signs by Fiberoptic, RF, cellular, private, leased, dial-up lines, or any combination thereof;





•
Support the extended "Hayes" AT Command set and escape sequence with guard time for dial-up lines;





•
Ability to view the data being exchanged on any and all communication ports;





•
Ability to poll each connected sign at a programmable interval between 1 minute and 24 hours in 1 minute increments.



34.1.8
The software shall have the following recording/logging capabilities:





•
Programmable support for any type of dot matrix printer;





•
Automatic creation on the hard disk of a new monthly log file at the beginning of each month;





•
Record all events (defined as any change in the system status) in the current month's log file. Each event shall include: a successive event number, the date and time, sign or user name, and event description. In addition, if a printer is connected the event data shall also be printed;





•
Record and print any malfunction of a connected sign;





•
Display or print any log file data on the system, sorted by the user's name, sign name, or period of time;





•
Record the logging-in and logging-off of the system.



34.1.9
The software shall also contain the following functionality:





•
All functions shall have a context sensitive help screen to aid the user;





•
Selective viewing of the status and current display of all connected signs, as of the last polling cycle;





•
Selective viewing of the operational status of each lamp with the ability to graphically display its status, as a function of the lamp's location within a sign;





•
Start a pre-defined, modified, or new display on a sign, with user access rights individually defined for each function;





•
Prevent the user from selecting messages not able to fit on the selected sign;





•
Allow messages defined for smaller signs to be displayed on larger signs;





•
Ability to create a display to be stored on the hard drive of the current library. A display shall consist of:






1.
An attribute (alternating messages or not, flashing or not, alternating rate, and flash rate).






2.
A text (the message for all lines of one sign).





•
Allow a user to blank one or all signs (shutters closed and lamps off);





•
Allow the sign brightness to be set to automatic (controlled by local photocells); or manual override to either day, night, or overbright;





•
Allow the ability to turn flashers on and off independent of a message, or when putting up a message;





•
Read and display on the MC monitor, temperature sensor inputs from each of the signs;





•
Backup and restore data and log files without having to exit the software or halt automatic monitoring of the signs;





•
Automatically blank the CRT after a programmable time of keyboard inactivity (from 0 to 255 seconds in 1 second intervals) to avoid burning the phosphor screen;





•
Automatically log-off the user after a programmable time of keyboard inactivity between 0 and 60 minutes, in 1 minute increments, to avoid unauthorized access to the system;





•
Turn on or off, the printing of log events as they occur;





•
Define text justification for a message as right, left, center, or none;





•
Allow for the customizing of the software's colors to user preferences;





•
Provide a way to set the date and time of the computer clock without having to exit the software or stop the monitoring of the signs;





•
Display the current time (in 12 or 24 hour format) and date at all times on the monitor;





•
Store the start and end of daylight savings time; and, at these times, automatically update the system and sign clocks;





•
Formulate, send and decode all controller supported commands, with proper syntax, to the sign controller using on-screen help (to eliminate the need for paper documentation);





•
Ability to process all programmed controller commands;





•
Capable of starting a test pattern display for a field person to visually check the operation of each shutter on the signs;





•
Capable of starting a test pattern display for a field person to visually check the luminous intensity of each pixel on the sign;





•
Provide a clear and uncoded diagnosis of the sign.


34.2
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METHOD OF MEASUREMENT



This Category will be paid for at the contract unit price for "RAMP METER WARNING" for the items specified which price shall include all materials, cabling, connectors, hardware -- including that necessary for mounting, and equipment incidental thereto.


34.3
BASIS OF PAYMENT



Furnish RAMP METER WARNING SIGN, measured as provided above, will be paid for at the contract unit price each which price shall be payment in full for furnishing a Ramp Meter Warning sign System; Ramp Meter Warning Sign System Software, and for all labor, tools, equipment, transportation, and incidentals necessary to provide these items.

35
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ITEM 35. TRAINING


35.1
DESCRIPTION



Work under this item shall consist of providing qualified instructors and all materials for training Department personnel and other designated personnel in the operation and maintenance of the various equipment and components for Variable Message Signs furnished and this contract.


35.2
MATERIALS



The contractor shall develop and submit training course outlines and samples of all training aids and manuals to the engineer for approval at least forty-five (45) days prior to the proposed scheduled start of the training sessions.  Written approval of this material shall be required prior to the final scheduling of the training sessions or the final production of training materials.  Training shall not begin until after approval of the submitted training material, and a minimum of 10 working days after acceptance of the operation and maintenance manuals specified under the Item Documentation.


35.3
As part of this item, the Contractor shall provide three sets of all test equipment needed to perform the tests called for in this specification.  The Contractor shall also provide 3 sets of any and all test equipment needed to perform routine maintenance on the equipment furnished under this category of the specification. The training sessions described under this item shall include training on the use of the test equipment furnished by the Contractor.


35.4
CONSTRUCTION METHODS



All training sessions shall be conducted at locations within Salt Lake County, Utah, to be designated by the Department.  Training sessions shall not overlap unless otherwise permitted by the Department.



35.4.1
Training shall consist of formal classroom lectures as well as “hands-on” training.  "Hands-on" training shall consist of working with the actual equipment.



35.4.2
Two (2) training sessions shall be provided for each equipment category and subsystem as follows:




•
Variable Message Signs and Test Equipment

3 days



35.4.3
A "day" of training shall consist of 6 hours.  The two sessions for each equipment category/subsystem shall be identical in content.  The training sessions shall not overlap unless otherwise permitted by the Department.  The attendance of each session shall not be more than 30 people.  Each session shall provide a basic understanding of the equipment and subsystems and their operation and maintenance.  These training sessions shall include as appropriate, and as a minimum:





•
Background on concepts of equipment/subsystem, and theory of operation.





•
Functional description of subsystem equipment components.





•
Procedures for installing and setting up equipment and components.





•
Basic troubleshooting and fault determination procedures.





•
Preventive maintenance procedures and schedules.



35.4.4
The contractor shall video tape all training sessions, and provide the tapes to the Department for training new personnel in the future.


35.5
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METHOD OF MEASUREMENT



Training will be measured as a Lump Sum which shall cover all preparation of course materials and as well as the time and human resources to provide and run the course at a location to be determined by the Department.


35.6
BASIS OF PAYMENT



Training, measured as provided above, will be paid for at the contract unit price Lump Sum, which price shall be full compensation for furnishing instructors and training materials; for providing the training sessions; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

36
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ITEM 36. ENGINEERING FIELD SERVICES


36.1
DESCRIPTION



The supplier shall provide on-site services when requested by UDOT, including, but not limited to:




•
Fully program VMS controllers and for all default and user programmable settings




•
Install VMS system software on controllers and computers




•
Bench test systems to ensure proper operation of hardware and programming of coordination plans




•
Provide field services for department personnel in connection with VMS operation, system software, troubleshooting, and bench repair of equipment 




•
Provide field services for inspection of installation and fine-tuning



36.1.1
Field services shall be provided by experienced personnel familiar with use of the equipment and software. Experienced personnel shall include, but not be limited to, instructors, engineers, and field technicians.



36.1.2
Payment for on-site services will be on an 8-hour 'person-day' basis with a minimum order of two (2) full days.



36.1.3
Time required to travel from out of state to Utah shall not be eligible for payment. Travel time within Utah between UDOT sites is included in the ‘person-day’.



36.1.4
All direct costs of travel, accommodations, and meals shall be included in the unit bid price per day for on-site services. No separate payments will be made for these travel costs.



36.1.5
On-site services may be required anywhere in the state of Utah. Field services will be scheduled at least two weeks in advance.



36.1.6
No payment will be made for on-site services which are required to trouble-shoot or resolve problems caused by malfunctions or failures of equipment supplied by the vendor or for work done under warranty.


36.2

seq level2 \h \r0 
METHOD OF MEASUREMENT



Engineering Field Services will be measured as days, with each day consisting of an eight hour "person-day".


36.3
BASIS of PAYMENT



Engineering Field Services, measured as provided above, will be paid for at the contract unit price per day, which price shall be full compensation for furnishing field personnel to provide engineering services; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

37
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ITEM 37. ALLOWANCE FOR MISCELLANEOUS ITEMS


37.1
DESCRIPTION. Under this item, UDOT will purchase miscellaneous VMS equipment on an as-needed basis in small quantities. This will include spare and replacement parts.  Equipment purchased may include, but not be limited to the following:




•
Controller components (modules, connectors, etc)




•
Character Modules




•
Harnesses




•
Electronic components needed to make repairs




•
Terminal blocks




•
Communication modems



37.1.1
A price list or catalog for miscellaneous parts,  shall be included in the Price Proposal. Any discount offered shall be indicated. 


37.2

seq level2 \h \r0 
METHOD OF MEASUREMENT



This Item is measured as a Lump Sum.  The value for this item is fixed as stated in the bid sheets and must be included by all bidders in calculating the total for  their proposal.


37.3
BASIS OF PAYMENT



Payment for equipment ordered under this item shall be made according to the price list, less any discount offered.

APPENDIX A

CENTRAL CONTROL OF VARIABLE MESSAGE SIGNS
The variable message signs will be controlled by an central computer communicating with the signs using a multi-point serial connection to be provided by the communications infrastructure.  The VMS central control computer is called the VMS master.  The VMS master is responsible for carrying out the commands selected by the users of the system.  The VMS controller is the local electronics which is responsible for interpreting commands from the VMS master, displaying messages on the sign, and responding to requests for status and data from the VMS master.

This appendix is intended for the use of the sign manufacturer.  It contains detailed technical information to allow a manufacturer to design and program a VMS controller that will function correctly with the VMS central software developed by others.  All communications between the VMS and the primary control center shall be in accordance with the communications specifications in this Appendix A.  The Contractor shall immediately report in writing to the Engineer any problems, interpretive questions, or any other issue related to the Contractor's compliance with the requirements of this Appendix A.  No variance from the requirements of this Appendix A of any kind is permitted without prior approval from the Engineer.  Failure of the VMS to communicate with the VMS master in accordance with the requirements of this Appendix A shall be cause for non-acceptance of the VMS installation.


OVERVIEW OF COMMUNICATIONS BETWEEN VMS MASTER AND THE VMS


CONTROLLER

In a normally operating system, the VMS master will send commands to each controller on a regular basis.  These commands tell the controller to display a specific message, run a specific diagnostics test, blank the sign, or simply report on its status.  In addition, special commands can be sent to the controller to read and modify the configuration of the controller.


When the VMS controller receives one of these commands, it responds with a message back to the VMS master and carries out the desired function.  Usually the response to a command will report the current status of the sign.  Some special commands require the uploading of configuration data back to the VMS master for verification.


The VMS system uses a poll-response method of communications over a multi-drop channel or link.  The VMS master initiates all communications and only one VMS controller on the channel will respond to a command from the VMS master.  Each controller on a channel is given a unique drop address.  One drop address is reserved as a broadcast address.  All controllers on a channel listen to transmissions to the broadcast address, but no controllers respond, thus avoiding any conflicts on the channel.


The VMS controller shall have a means of reading its drop address, either from switches, an I/O port, or via operator input at initialization.  The drop address shall be stored in non-volatile memory, and may be changed only at the controller. 


VMS CONTROLLER BEHAVIOR

The VMS master expects the VMS controller to behave in a specific manner in response to commands from the central.  Listed below are the various areas which define the controller's behavior.



Commands





The VMS controller shall respond to five basic types of commands: blank sign, display message, report status, execute sign test, and reset.  The controller shall observe a hierarchy of command sources.  Normally, commands selected locally at the sign have the highest priority and will be carried out regardless of the remotely selected message.  If there is no locally selected command, the remotely selected command will be carried out.  However, the VMS master may change the controller's stored configuration so that remote commands override any local commands.





When the controller receives a command to display a message or blank the sign, it shall immediately attempt to display that message or blank the sign, unless a locally commanded message is being displayed.  If the message cannot be displayed due to an error, the error is recorded in the status record, and the sign is left blank.  If the sign cannot be blanked, this error is recorded as well. [Note, the intent of this specification is that the sign controller reports error conditions which exist at the sign, however, the VMS master determines whether to display a message or not - given the error state of the sign.  The sign should accept all display requests and make a “best effort” to display the message even if errors exist - unless the failure prevents the sign electronics from displaying any part of the message.  Further, if the sign controller determines that the sign may be damaged by attempting to display the message, then it may ignore the message and blank the sign.]   




When the controller receives a reset command, it shall perform a warm reset, which shall re-initialize all working memory, verify the integrity of the configuration memory, and restart the controller's program.



Tests



Sign tests are a special case of normal sign commands.  When the controller receives a test command, it shall begin executing that particular test sequence.  These test sequences shall at a minimum provide the following functions:




•
Pixel test - verify that all pixels can be turned on and off.  The number of failed pixels and modules shall be reported in the status record.  The test shall be constructed to allow easy identification of the failed pixels and/or modules by personnel viewing the sign during the test.




•
Electronics test - verify that the sign electronics have not failed.  This includes verifying the operation of the photocells and A/D converters, and checking that no fuses, power supplies or power switching components have failed.  Verify that the communications between the controller and the sign electronics are functioning properly.



If a test finds a failure, the test shall terminate and record the reason for the failure in the status record.  For tests which can record multiple failures, such as the pixel test, the test shall record the number of failed items found.  A test is normally terminated when the controller receives a command to blank the sign or display another message.  If the command is received in the middle of a test sequence, it is acceptable for the test to run to completion before terminating.  The controller should then carry out the latest command received.


Display Generation and Updates


Messages shall be stored in the form of plain ASCII text with special formatting characters embedded in the text.  These formatting characters shall execute the following special functions:





•
Turn flashing on and off.





•
Turn inverse character display on and off (dark characters on a bright background).





•
Turn on directional arrows or blank-out displays.





•
Move the cursor horizontally a specified number of pixels.





•
Move the cursor vertically a specified number of pixels (full matrix signs only).





•
Make the next character animated, and specify the number of pixels to move the character each time and the total width of the animation area.





•
Go to a new line.





•
Turn a special display element (such as drum) to a specified state.





•
Place one of four bitmaps at a specific location and specify the operation to use when transferring the bitmap to the display (Replace, OR, XOR, AND).





•
Recall another stored message for display.


Each message shall begin with a header which specifies the font number to use, how often to flash the display and move animated characters, how long to display the first phase of the display, where phase two begins in the message, and how long to display phase two. 


Flashing characters shall flash at the rate specified in the message header.  This rate is defined as an "on" time and an "off" time in tenths of seconds.  Note that specific fields (and/or characters) may be flashed as part of any message display.  For example, only a portion of a line or a segment of the sign may be flashed while the balance of the message remains static.  For 2 phase messages, each phase may contain flashing fields.  The sign shall support simultaneous flashing and animation as described below.


Any character may be animated such that it moves from right to left or left to right over a specified distance.  No other characters or graphics will be permitted in the animation area.  The user chooses how many pixels the character will move each time.  If this number is positive, the character shall move from left to right.  If it is negative, it shall move from right to left.  The time between successive moves is selected by the update rate of the message which is also specified in tenths of seconds.


A message may be too large to fit on a single display.  To accommodate long messages, the controller shall support multiple phases of message display.  The VMS operator specifies the message for each phase, the length of time each phase of the message should be displayed, and the length of time the sign should be blanked between phases.  The phases shall alternate on the sign for as long as the message is being displayed.   Note: the off (or blank) time between displays may be specified to be zero in which case the message alternates directly between presentations without a blank time. 


To display a text message on a full matrix sign, the ASCII characters in the message usually are converted to bitmaps in controller memory.  This is accomplished through the use of a font.  The font is a specific style and size of character.  As the text of a message is processed by the controller, it looks up the bitmap for each character and transfers it the buffer where the entire display's bitmap is stored.  The buffer which contains the entire display's bitmap is called the frame buffer.  In addition to character images in the font, other stored graphic images can be added to the frame buffer in exactly the same manner.


The font structure shall contain more than just the character images.  It also contains the height of the font, the ASCII codes of the first and last characters in the font, and information on the size and spacing of each character in the font.  A linefeed character is used to specify where a new line should be started.  Characters which would extend beyond the end of the line shall not be displayed or wrapped around to the next line.


In addition to graphics characters in the fonts, a second method of supporting graphics on full matrix signs shall be with special bit-mapped images.  These images shall range in size from 1 pixel by 1 pixel to the full size of the message display.  They shall be placed anywhere on the display, including off the edge of the display, so the VMS controller software shall be able to clip the image appropriately.  The graphics shall be included on any sign and message by inserting the appropriate character code into the message.  These bitmaps shall be placed over the sign image in four different ways.  The bitmap shall replace any pixels currently on the screen, the bitmap shall be logically AND'd with the screen pixels, the bitmap shall be logically OR'd with the screen pixels, or the bitmap shall be XOR'd with the screen pixels.


Any special arrow matrices, freeway shields, drums, and other blank-out displays shall be turned on by special characters embedded in the text of the message.


Configuration Download / Upload


The VMS controller shall store many pieces of information to operate correctly.  This information is downloaded from the VMS master into nonvolatile RAM in the VMS controller.  This information includes fonts, bitmaps, messages, access passwords, control parameters, and the time of day.  The VMS master also requires information from the VMS controller to determine its status and to identify failures.  This information includes the controller status, specific memory locations, and control program version information.  These blocks of information (hereafter called logical blocks) are downloaded and uploaded to and from the controller on an as-needed basis.  When the controller receives a new logical block, it shall wait until no other process is using the old logical block, and then transfer the new information into its memory data base.


Character matrix signs shall use, as a default, one font which shall be a 5 by 7 proportional font. Line matrix sign controllers shall store two fonts to be used in displaying messages.  The first font stored in the controller ROM shall be 7 pixels high (height of capital letters, not including descenders or inter-line spacing), and a variable number of pixels wide, depending upon the character.  This shall be font number one (1).  The second default font shall be a 6 by 9 proportional font.  This shall be font number two (2).  Both fonts shall have proportional spacing, and special symbols.  If a message is selected which uses a font which is not available to the controller, an error shall be generated and the message shall not be displayed.   The Contractor may provide additional characters.  Full matrix signs shall store two downloadable fonts.


Fonts shall contain special graphics characters, such as arrows or circles, which may be of any width and may be as tall as the font height.  Special non-printing characters in the text of the message can affect how and where the character images are placed in the display buffer.


The sign controller for full matrix signs shall store eight (8) different downloadable bitmaps or graphics images.  These bitmaps are created on the VMS master and downloaded to the controller.  Each bitmap shall have an unique identifying number between 1 and 255.  If a message is selected which uses a bitmap not stored in the controller, an error shall be generated and the message shall not be displayed.  See section A.4.2 for a description of the bitmap format.  The sign controller specification shall define if bitmaps shall be supported and how many shall be stored.


The sign controller shall store 32 messages plus provide storage for a temporary message.  These messages shall be downloaded from the VMS master after the controller has been initialized.  The 32 stored messages shall be capable of being recalled for display both locally and remotely.  These messages are labeled 1 - 32.  In addition to the stored messages, the VMS master may download a message for immediate display.  This message shall be accepted by the VMS controller and shall remain in the controller's memory only as long as the message is being displayed.  The immediate message is message 33.  In addition to these messages, message zero (0) shall blank the display.  See section A.4.3 for a complete description of the message format.


The sign's intensity is controlled by the VMS master.  Each sign shall have three photocells which shall provide outdoor ambient lighting levels in the range of 0 to 255.  These three photocell readings shall be uploaded by the VMS master every five minutes.  Based on these photocell readings, the VMS master shall make a determination of the appropriate sign intensity level.  This intensity level, which runs from 1 to 7, shall then be downloaded to the sign controller, where the controller shall adjust the signs brightness appropriately.  Intensity level 0 shall turn off the sign LED(s).


For signs that have a local control interface, a table of passwords is sent to the controller.  These passwords are used to limit the access to the sign.  Only authorized users shall be able to make changes to the sign display or run diagnostic tests.


The sign status record contains information on the current status of the sign, such as which message is being displayed, which source requested the message, and what the current photocell readings are.  It also contains information on any errors or failures which have occurred, and more detailed information, such as the time and reason for the last error which occurred.


Additional control parameters are downloaded to the sign controller to override local message selection and set the communications timeout value.  A software version string shall be up loadable from the controller to determine the current software running in the controller.


The other information which may be uploaded from the controller is any block of memory up to one kilobyte in size.  This capability is built in for diagnostic purposes only.


Error Reporting


When an error occurs in the sign controller's operation, it shall be recorded in the sign status record for later retrieval by the VMS master.  The software shall record an error number, any specific data value which caused the error, the address in the code where the error occurred, and the time and date that the error occurred.  The sign controller shall maintain a real-time clock for this purpose.  See section A.4.6 for a more detailed description of the types of errors which are to be recorded.  When the VMS master sends a command, the response message contains a byte with each bit summarizing the errors or failures which have occurred.


The error record is cleared or partially cleared in three ways.  When the status record is downloaded to the controller, the last error field, the failure counters and the error flag bits are cleared.  The data actually downloaded is ignored.  When the clear status bit in a command message is set, the error flag bits in the status record are cleared, but the last error record is not cleared.  When a time broadcast or time download is received, the power failure flag bits in the status record are cleared.


COMMUNICATIONS PROTOCOLS

Physical Protocol



Communications with the signs are asynchronous full-duplex.  The protocol may operate from 1200 bps to 19,200 bps, 8 data bits, even/odd/no parity, and 1 stop bit.  Messages between the central computer and the sign controller are framed by the ASCII character pairs DLE STX and DLE ETX.  If additional DLE characters appear in the body of the message, an extra DLE character is inserted immediately in front the DLE data character.  A controller receiving a message shall strip away the leading DLE STX characters, the trailing DLE ETX characters, and one of any pair of DLE characters.  A framing DLE STX or DLE ETX pair shall be distinguished from one in the data by the absence or presence of a single DLE.  A controller responds to a message only when it has been specifically addressed.  Each message has a checksum.  This checksum is computed on the actual message alone, after any framing or stuffed characters have been removed.  A controller shall begin transmitting its response within 100 milliseconds from the time a complete command message is received.  If errors occur while receiving a message from the central computer, such as parity, framing, overrun or checksum errors, the entire message shall be discarded and no response shall be generated.



For example, assume that a memory upload command is transmitted to drop 16, for address 0x1002 with a length of 0x1003 (this length is not allowed by the protocol, but is used to show worst case message data).  The actual data message is:  




0x10 0x06 0x10 0x02 0x10 0x03 0xC4




or




DLE  ACK  DLE  STX  DLE  ETX  ---




This message would be transmitted as:




0x10 0x02 0x10 0x10 0x06 0x10 0x10 0x02 0x10 0x10 0x03 0xC4 0x10 0x03




or




DLE  STX  DLE  DLE  ACK  DLE  DLE  STX  DLE  DLE  ETX  ---  DLE  ETX


Logical Protocol


The VMS system supports six message types.  For each type, there is a specific command and response format.  These types are:





•
Message Selection





•
Immediate Message





•
Parameter Download





•
Parameter Upload





•
Memory Upload





•
Time Broadcast


Each command then begins with one byte containing the drop number.  VMS controllers shall receive an entire message, including the DLE STX and DLE ETX framing bytes.  Then after stripping the framing bytes and any stuffed DLE characters, the checksum shall be computed and compared to the received checksum.  If any errors occur, or the checksums do not match, the entire message shall be discarded and response generated.  If the message was received correctly and the drop addresses match, the controller shall respond accordingly.  Drop 0 is the broadcast address and all controllers shall listen to messages for drop 0.



The second byte of a message designates the message type.  The message type will normally determine how many characters there are to follow in the message.  The exception to this rule is the Immediate Message type.  This command format contains the number of bytes to follow in the third byte of the message.



The last byte of a message is a checksum.  This checksum is used to ensure data integrity.  The checksum is calculated by adding all the previous bytes in the message, taking the least significant 8 bits of that sum and complementing all the bits.  If the calculated checksum does not match the transmitted checksum, the command shall be ignored and no response shall be generated.


Message Selection Format


Table 1 shows the format of the Message Selection commands and responses.  The first two bytes of the command are the drop number and the message type.  For this message, the type is 1.  The third byte is the command to be carried out immediately.  The fourth byte of the command is the checksum for the command.

	PRIVATE 
Message Selection Format
	Byte #
	Meaning
	Range
	Comments

	Command
	1
	Drop #
	1-255
	

	
	2
	Message Type
	1
	

	
	3
	Sign Command
	0
	Blank sign

	
	
	
	1-32
	Display stored message

	
	
	
	33
	Display immediate message

	
	
	
	34
	Report status

	
	
	
	35
	Reset controller

	
	
	
	36-40
	Execute diagnostic test

	
	
	
	128-168
	Clear status + execute command

	
	4
	Checksum
	0-255
	One's complement of 8-bit sum

	Response
	1
	Drop #
	1-255
	

	
	2
	Message Type
	1
	

	
	3
	Current Message
	0-40
	

	
	4
	Signs Status Bits
	Bit 0
	Battery backed ram status

	
	
	0=OK
	Bit 1
	Power failure status

	
	
	1=Exception
	Bit 2
	Serial communication status

	
	
	
	Bit 3
	Command message status

	
	
	
	Bit 4
	Display status

	
	
	
	Bit 5
	Sign hardware status

	
	
	
	Bit 6
	Local override

	
	
	
	Bit 7
	Other errors

	
	5
	Checksum
	0-255
	 



Table 1:  Message Selection Command and Response Formats

A command of 0 indicates that the sign shall be blanked.  A command of 1 to the maximum number of stored messages indicates that the corresponding stored message shall be displayed indefinitely.  If the controller stores less than 32 messages commands greater than the number of stored messages and less than or equal to 33 are not allowed and shall be flagged as a command message error, with no actual command carried out.  A command of 34 shall cause the controller only to report its current status but not change the sign display.  A command of 35 shall cause the sign controller to reset itself.  No response is expected following a reset command, and the controller will not be polled again for at least 10 seconds.  Commands of 36 to 40 are used for diagnostic tests.  The specific tests will vary with the type of sign and controller.  The sign controller provider shall document what tests are performed by each command.



The most significant bit in the command byte indicates whether the error flag bits shall be cleared.  This 'clear status' bit can be sent with any other command in this message.  When this bit is set, the seven least-significant bits shall be interpreted as a normal command, and the error flag bits listed below shall be cleared.  These bits correspond to the fields in the status record (logical block 6).





Name

Bits to be Cleared




BBRam
2, 3, 4, 5





PFSta

0, 1





SCSta

2, 3, 4, 5, 6





CMSta

0, 1, 2, 3, 4





DspSta

0, 1, 2, 3, 4





HwSta

Controller Dependent (but probably all)



The bit is normally sent by the VMS master when the user requests that a failure be repaired.



If the VMS master downloads new fonts, bitmaps or messages after it has commanded the sign controller to display a message, the controller is not required to update the display with the new information immediately.  The display shall only be updated when VMS master sends a command that is different from the currently displayed command.



The response to type 1 messages consist of the message type in the first byte.  The second byte indicates the current sign status or on-going operation.  A status of 0 indicates that the sign is blanked.  A status of 1 to 32 indicates that the corresponding message is being displayed.  A status of 33 indicates that an immediate message is being displayed.  A status of 34 is not valid.  A status of 35 indicates the controller is being reset and running any start-up tests (this response may or may not be applicable, depending on the capability of the sign controller).  A status of 36 to 40 indicates that a diagnostic test is being run on the sign.  This status shall indicate the state of the sign at the time the command was received.  Subsequent polls by the VMS master shall determine if the command has been carried out successfully.



The third byte contains status flags.  These flags summarize the error flags in the status record.  (See section 4.5 for a description of these error flags.)  A one in any of these flags indicates that an error has occurred.



Bit 0 indicates that the battery-backed or non-volatile configuration memory has been corrupted in some way.  These errors include a failure writing to the memory, the memory being corrupted due to a power failure (the checksum was not correct following a power failure), store operations not performed due to failing power, or an invalid checksum detected during normal operation.  These error correspond to bits 2, 3, 4 and 5 in the BBRam status byte.  If one of these bits are set, then Bit 0 of the status flags shall be set.



Bit 1 indicates whether there has been a power failure since the last time broadcast or time download.  If either bit 0 or bit 1 in the Power Failure status byte are set, bit 1 of the status flags shall be set.



Bit 2 indicates a serial communications error occurred, such as parity, framing, overrun or checksum errors.  It also indicates an error caused by the receive buffer being full and being unable to accept a complete message.  These errors correspond to bits 2, 3, 4, 5 and 6 of the SCSta byte of the status record.  If any of these bits are set, bit 2 of the status flags shall be set.



Bit 3 indicates that an invalid command was received.  These errors include an invalid message type received, and invalid logical block or item number received, a synchronization error, where a new message was received while the response to a previous message was being transmitted, an invalid time broadcast or time download message was received (the values were out of range), or the checksum on the downloaded data was bad, or the downloaded data was out of range.  These errors correspond to bits 0 through 4 of the CMSta byte in the status record.  If any of these bits are set, bit 3 of the status flag shall be set.



Bit 4 indicates that there was a problem displaying a message.  These errors include not having the font for a message stored in memory, not having the bitmap for a message stored in memory, an illegal character found in a message, too many animated characters in a message, or too many flashing areas in a message.  These errors correspond to the bits in the DspSta byte of the status record.  If any of the bits in this byte are set, bit 4 of the status flags shall be set.  The provider of the sign controller shall specify the meaning of these bits for incorporation into the VMS master software.



Bit 5 indicates that there is a failure of the sign hardware.  These errors are specific to the sign hardware and sign controller.  These errors correspond to the HwSta byte of the status record.  If any bits in HwSta are set, bit 5 of the status flags shall be set.  The provider of the sign controller shall specify the meaning of these bits for incorporation into the VMS master software.



Bit 6 shall be set to indicate that a locally selected command is overriding the VMS master's selection.  Bit 7 is reserved for future use.




The fifth byte of the response is the checksum.




Immediate Message Format




The immediate message format of Table 2 is used to display a message which has not been previously stored in the controller.  The command contains the message which is to be displayed.  Note that the VMS master will not send a type 1 message with a command of 33 to display this message.  Receipt of this message implies that the message shall be displayed immediately.  Bytes 1 and 2 are the usual drop and message type.  The third byte indicates the number of bytes to follow, excluding the checksum.  The next n bytes, where n is the number in the third byte of the command, are the actual message to be displayed.  The number of bytes in this field is variable, from 12 to 128, depending on the text of the message.  See section A.4.3 for a description of the message format.  The byte following the message will be the checksum.  The response to this command is the same as for a message selection command.

	PRIVATE 
Immediate Message Format
	Byte #
	Meaning
	Range
	Comments

	Command
	1
	Drop #
	1-255
	

	
	2
	Message Type
	2
	

	
	3
	# bytes in message (n)
	12-255
	The number of bytes in message to follow, excluding checksum

	
	4
	First byte of
	0-255
	

	
	n+3
	Last byte of
	0-255
	

	
	n+4
	Checksum
	0-255
	One's complement of 8-bit sum

	Response
	1
	Drop #
	1-255
	

	
	2
	Message Type
	2
	

	
	3
	Current Message
	0-42
	

	
	4
	Sign Status Bits
	Bit 0
	Battery backed RAM status

	
	
	0 = OK
	Bit 1
	Power failure status

	
	
	1 = Exception
	Bit 2
	Serial communications status

	
	
	
	Bit 3
	Command message status

	
	
	
	Bit 4
	Display status

	
	
	
	Bit 5
	Sign hardware status

	
	
	
	Bit 6
	Local override

	
	
	
	Bit 7
	Other errors

	
	5
	Checksum
	0-255
	



Table 2:  Immediate Message Command and Response Formats

Parameter Download Format


The parameter download format is shown in Table 3 and is used to store messages and configuration data in the controller.  Configuration information is broken down into logical blocks and items within those logical blocks.  A logical block corresponds to an array of structures or record types, while an item refers to a single structure or record in that logical block.  Thus the logical block for messages contains 32 items, one for each stored message.  Logical block numbers are one-based, while item numbers are zero-based (for the convenience of array indexing).

	PRIVATE 
Parameter Download Format
	Byte #
	Meaning
	Range
	Comments

	Command
	1
	Drop #
	1-255
	

	
	2
	Message Type
	3
	

	
	3
	Logical Block #
	1-6
	Logical blocks are 1-based

	
	4
	Item #
	0-31
	Item numbers are 0-based

	
	5
	First byte of item
	0-255
	

	
	n+4
	Last byte of item
	0-255
	

	
	n+5
	Checksum
	0-255
	One's complement of 8-bit sum

	Response
	1
	Drop #
	1-255
	

	
	2
	Message Type
	3
	

	
	3
	Logical Block #
	1-6
	

	
	4
	Item #
	0-31
	

	
	5
	Download Status
	1
	Unable to process download -upload only block

	
	
	
	2
	Download being processed

	
	
	
	3
	Invalid download request

	
	
	
	4
	Invalid downloaded data

	
	
	
	5
	Unable to process download -download queue exceeded

	
	
	
	6
	Unable to process download -RAM failure

	
	6
	Checksum
	0-255
	



Table 3:  Parameter Download Command and Response Formats


Note:
Fonts, bitmaps and messages are numbered starting at one (1).  Only the item number is zero based.  Thus, logical block 3, item number 0 is referring to the slot where message 1 is stored, etc.


The first two bytes of a command are again the drop and message type.  The third byte indicates the logical block number that is contained in this message.  The logical block type will determine the number of bytes to follow, since each logical block has a fixed structure.  The fourth byte indicated the item number of the data.  An item number of zero indicates the first record in the array (the array may only be of length one).  The next bytes are the actual configuration data.  This data shall be loaded into a configuration database within the controller and stored in non-volatile memory.  The last byte of the message will be the checksum.  If any errors occur in the incoming data stream or the checksum does not match, the downloaded data shall be discarded and no response will be generated.


The response to this message echoes the drop number, the message type, the logical block number and the item number.  The fifth byte is a download status byte.  The sixth byte of the response is the checksum.


A download status of 1 indicates that the downloaded block was of a type which may only be uploaded from the controller to the master.  A status of 2 indicates a normal download which shall be stored in the controller's memory.  A status of 3 indicates that the logical block number or item number was not allowed.  A status of 4 indicates that the downloaded data did not pass verification (such as being out of range).  A status of 5 indicates that the request could not be processed because too many previous downloads were still pending transfer to configuration memory.  A status of 6 indicates that there was a RAM failure, and the download could not be processed.  


During a download of logical block number 6 the data shall be ignored  When a download of the status record (logical block 6) is commanded, the error flag bits in status poll responses shall be cleared.  These bits correspond to the fields in the status record (logical block 6). The associated error location in the status record shall be reset also during this operation.



Parameter Upload Format



The parameter upload command shown in Table 4 requests that an item from a logical block be sent back to the master.  The command contains the logical block number and item number in the third and fourth bytes.



The response consists of echoing the first four bytes, then sending the desired item, followed by the checksum.  If an invalid logical block or item number is requested, the sign controller shall not send a message back, but shall set the appropriate error flag.

	PRIVATE 
Parameter Upload Format
	Byte #
	Meaning
	Range
	Comments

	Command
	1
	Drop #
	1-255
	

	
	2
	Message Type
	4
	

	
	3
	Logical Block #
	1-8
	Logical blocks are 1-based

	
	4
	Item #
	0-31
	Item numbers are 0-based

	
	5
	Checksum
	0-255
	One's complement of 8-bit sum

	Response
	1
	Drop #
	1-255
	

	
	2
	Message Type
	4
	

	
	3
	Logical Block #
	1-8
	

	
	4
	Item #
	0-31
	

	
	5
	First data byte
	0-255
	

	
	n+4
	Last data byte
	0-255
	

	
	n+5
	Checksum
	0-255
	



 Table 4:  Parameter Upload Command and Response Formats

Time Broadcast Format



The time broadcast command shown in Table 5 is used to synchronize all the controllers to the same time.  The drop address is usually the broadcast address of 0, but it may be directed to a specific controller.  The third through eighth bytes contain the current date and time.  This time shall be used to update the controller's internal software clock.  Years that are greater than 90 represent the years 1991 to 1999.  The controller shall not generate a response to this command, even if the message is specifically addressed to the controller.

	PRIVATE 
Time Broadcast Format
	Byte #
	Meaning
	Range
	Comments

	Command
	1
	Drop #
	0
	Broadcast address

	
	2
	Message Type
	5
	

	
	3
	Year
	0-99
	

	
	4
	Month
	1-12
	

	
	5
	Day of Month
	1-31
	

	
	6
	Hour
	0-23
	

	
	7
	Minute
	0-59
	

	
	8
	Second
	0-59
	

	
	9
	Checksum
	0-255
	One's complement of 8 bit sum



Table 5:  Time Broadcast Command Formats


Memory Upload Format



The memory upload command shown in Table 6 is used only for diagnostic purposes.  It allows the central computer to upload any region of RAM or ROM in the sign controller.  For instance, the central computer could upload the frame buffer to see what was being sent to the sign, or the central computer could upload a section of code to verify that the correct version of the firmware was installed.

	PRIVATE 
Memory Upload Format
	Byte #
	Meaning
	Range
	Comments

	Command
	1
	Drop #
	1-255
	

	
	2
	Message Type
	6
	

	
	3
	Start Addr (MSB)
	0-255
	Most significant byte of address

	
	4
	Start Addr (LSB)
	0-255
	Least significant byte of address

	
	5
	Length (n) (MSB)
	1-255
	Most significant byte of length

	
	6
	Length (n) (LSB)
	1-255
	Least significant byte of length

	
	7
	Checksum
	0-255
	One's complement of 8-bit sum

	Response
	1
	Drop #
	1-255
	

	
	2
	Message Type
	6
	

	
	3
	Start Addr (MSB)
	0-255
	

	
	4
	Start Addr (LSB)
	0-255
	

	
	5
	Length (n) (MSB)
	1-255
	

	
	6
	Length (n) (LSB)
	1-255
	

	
	7
	First byte of data
	0-255
	

	
	n+6
	Last byte of data
	0-255
	

	
	n+7
	Checksum
	0-255
	



Table 6:  Memory Upload Command and Response Formats


The command contains the starting address and the length of the data to be returned.  The starting address and length are 16-bit quantities, with the most-significant byte first and the least-significant byte second (big-endian).



The response consists of echoing the first six bytes, followed by up to 1024 bytes of data and a checksum.  The amount of data requested is limited to 1024 bytes to prevent the communications times from getting excessively long.  If the sign controller contains more than 64K of data memory, this message may be extended to support 24 or 32 bit addresses.


LOGICAL BLOCK DESCRIPTIONS

The VMS controller shall contain up to eight logical blocks.  Seven of these logical blocks shall be capable of being downloaded to the controller or uploaded from the controller.  The remaining one shall only be uploaded from the controller.  The selection of logical blocks to be implemented in the sign controller depends on the sign type and controller configuration and software capabilities.  Full matrix signs shall support all nine logical blocks.  Line and character matrix signs shall only support logical blocks three through eight.



Logical Block 1 - Fonts



There shall be 2 fonts stored in the full matrix VMS controller.  Each set of font header structure and font character data represents one item.  There is a maximum of 128 printable characters per font.  Fonts shall be both downloaded to the controller and uploaded from the controller by the VMS master.  Table 7 shows the structure of a font.

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	FontID
	1
	byte
	Font name

	LoChar
	1
	byte
	ASCII code for first character in font

	HiChar
	1
	byte
	ASCII code for last character in font

	Modulo
	1
	byte
	Width in bytes of font bitmap

	Ysize
	1
	byte
	height of fonts

	CharBits
	1408
	bytes
	font bitmap data

	CharLoc
	128
	1 word +

1 byte
	Character location pairs: 1 word for offset + 1 byte for width



Table 7:  Font Structure

The FontID field represents the global ID for the font.  Each font in the system shall have a unique ID number.  This number is assigned by the VMS master when the font is created.



The LoChar field is the ASCII code for the first character represented in the font.  Normally, this would be the code 32, for the space character.



The HiChar field is the ASCII code of the last character in the font.  For normal 7 bit ASCII this might be 127.  For extended character sets, it could be higher.



The Modulo field relates to the array used to store the actual character bitmaps.  This parameter is the number of bytes in one line of the character bitmap.  See the description of the CharBits field below for more information.



The Ysize field is the number of lines in, or height of, the character bitmap and thus it is also the spacing between lines of text.



The CharBits array is the actual bitmap containing the bitmaps for all the characters.  These character bitmaps are all packed next to each other to minimize the space requirements.  For example, a small section of the bitmap which contains the characters ABCDEF might look like:




011100111100011100111100111110111110




100010100010100010100010100000100000




100010100010100000100010100000100000




100010111100100000100010111100111100




111110100010100000100010100000100000




100010100010100010100010100000100000




100010111100011100111100111110100000




000000000000000000000000000000000000



If this were the complete font, the Modulo would be 5 since there are 36 pixels in a line.  The Ysize is 8.  The LoChar is 65 and the HiChar is 70.



Bitmaps are ordered such that the first byte represents the top leftmost eight pixels in the bitmap.  The bytes are ordered in scan line fashion, proceeding from left to right, and then from top to bottom.  Within each byte, the most significant bit represents the leftmost pixel, and the least significant bit represents the right-most pixel.  This is true for both the character bitmaps, and graphics bitmaps, which are discussed in the next section.



The CharLoc array is actually an array of structures.  Each structure represents the offset and width of the character in bits.  So the offset for the character E above is 24, while the width is 6.  These values are used to locate the character data in the CharBits array and transfer it to the sign.  The height of all characters is equal to the height of the font.  The offset values shall be stored either with least-significant byte first or most-significant byte first.  This ordering shall be included in the sign controller specification.


Logical Block 2 - Bitmaps


Eight (8) bitmaps shall be stored in the VMS controller.  Each bitmap represents one item.  A bitmap shall be any size up to the full size of the sign.  The number of data bytes in the bitmap structure shall be as specified below in Table 8.  The actual image shall begin at the top, left-hand corner.  The system supports up to 255 bitmaps, each with a unique ID.  Bitmaps shall be both downloaded to the controller and uploaded from the controller by the VMS master.  Table 8 shows the structure of a bitmap.

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	BMapID
	1
	byte
	Bitmap name

	ImageX
	1
	byte
	Width of image

	ImageY
	1
	byte
	Height of image

	Width
	1
	byte
	Width of bitmap in bytes

	Reserved
	1
	byte
	Reserved for future use

	PxData
	392
	bytes
	Bitmap data



Table 8:  Bitmap Structure


The BMapID field uniquely identifies the bitmap image within the system.  It's number is assigned by the VMS master when the image is created.



The ImageX field specifies how wide the image is in bits.  The origin of the image is at the top left-most corner.



The ImageY field is the height of the image in lines.



The Width field is the width of the bitmap data in bytes.  For a 105 x 28 bitmap, this value would be 14.



The PxData is the actual bitmap.  It is an array of bytes where each 'Width' bytes represent one line of data.  The most significant bit of a byte is the left most pixel within that byte.  This field is sized to handle a sign that is up to 112 pixels wide and 28 pixels high.



As an example, the following bitmap draws a crude car on the display:




00000000000111111110000000000000




00000000001000010001000000000000




01111111110000010000111111000000




01000000001111111111000001000000




01000010000000000000100001000000




11000101000000000001010001100000




11111000111111111110001111100000




00000101000000000001010000000000




00000010000000000000100000000000



For this bitmap, the ImageX field is 27, the ImageY field is 9, the Width field is 4, and the Height field is 9.  The bitmap data is: 0x00, 0x1F, 0xE0, 0x00, 0x00, 0x21, 0x10, 0x00, 0x7F, 0xC1, 0x0F, 0xC0, 0x40, 0x3F, 0xF0, 0x40, 0x42, 0x00, 0x08, 0x40, 0xC5, 0x00, 0x14, 0x60, 0xF8, 0xFF, 0xE3, 0xE0, 0x05, 0x00, 0x14, 0x00, 0x02, 0x00, 0x08, 0x00.  If the bitmap is not as large as the full sign, the unused portion of the data area shall be ignored.


Logical Block 3 - Messages



The VMS controller shall store up to 32 messages.  Each message is one item.  A message consists of header information and message text.  Each message shall consist of one or two phases.  If the offset to phase 2 is non-zero, then it is the index of the first character of the second phase to be displayed.  Table 9 shows the structure of a message.

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	FontID
	1
	byte
	Font number to use -- 1 to 255 

	Update
	1
	byte
	Animation update rate in 1/10 seconds

	FlashOn
	1
	byte
	Flash ON time in 1/10 seconds

	FlashOff
	1
	byte
	Flash OFF time in 1/10 seconds

	Ph1Clr
	1
	byte
	Reserved

	Ph1On
	1
	byte
	Phase 1 On time in tenths of seconds

	Ph1Off
	1
	byte
	Phase 1 OFF time in tenths of seconds

	Ph2Idx
	1
	byte
	Index of first character of phase 2

	Ph2Clr
	1
	byte
	Reserved

	Ph2On
	1
	byte
	Phase 2 ON time

	Ph2Off
	1
	byte
	Phase 2 OFF time

	MsgTxt
	244
	bytes
	Message text and control codes - see below



Table 9:  Message Structure


The FontID field specifies which font is to be used.  If that font is not present in the controller, the message cannot be displayed, and a message display error shall be generated.  If the controller does not support or require multiple or downloadable fonts, this field shall be set to 1.



The Update parameter is used to calculate the animation rate.  It is actually the number of tenths of a second to wait between display updates.  For example, if the Update parameter were 5, then every 5/10 or 1/2 second, the display would be updated (within the limits of the sign type used at that location).  The sign controller provider shall specify the minimum allowable time for this field.



The FlashOn and FlashOff parameters control the flash rate.  FlashOn is the number of tenths of a second that a flash character is displayed.  FlashOff is the number of tenths of a second that a flashing character is blanked out.  For example, if FlashOn = 7 and FlashOff = 3, this would result in a flash rate of 1 Hz (0.7 seconds on, 0.3 second off).  The minimum Update, FlashOn and FlashOff value is 2.  A value of 0 means that the display is static.



The Ph1On, Ph1Off, Ph2On, and Ph2Off parameters control the rate at which the two phases of the message are displayed.  Each parameter is given in tenths of a second.  Ph1On and Ph2On specify how long to display each phase of a two phase message.  Ph1Off and Ph2Off specify how long to blank the display after displaying the phase and before displaying the next phase.  These parameters are ignored for a single phase display.



Ph2Idx is the offset or index to the first character of the second phase of the message. Messages with only one phase set this parameter to 0.  A value of 1 means that the first character of the second phase is the second character in the message text array (offsets start at 0).



The MsgTxt array contains ASCII text characters 32 through 127, and may contain special characters whose ASCII codes are greater than 127.  Characters less than 32 shall be interpreted as control.  Some control characters work in pairs to define the attributes of the text between the pair.  Other control characters have additional characters associated with them which are the parameters for the function to be performed.  The end of the message is marked by a null (0) byte.  The control character definitions are summarized in Table 10 and are described below.

	PRIVATE 
Function
	Code
	Parameters

	Flash On
	1 (CTRL-A)
	

	Flash Off
	2 (CTRL-B)
	

	Inverse On
	3 (CTRL-C)
	

	Inverse Off
	4 (CTRL-D)
	

	Animate Character
	5 (CTRL-E)
	character, increment, total width

	Display Time
	7 (CTRL-G)
	format

	Display Date
	8 (CTRL-H)
	format

	Horizontal Tab
	9 (CTRL-I)
	pixels to tab right

	Newline
	10 (CTRL-J)
	

	Vertical Tab
	11 (CTRL-K)
	pixels to tab down

	Display Temperature
	12 (CTRL-L)
	format

	Set Special Display
	14 (CTRL-N)
	element, state

	Set Sign Display
	15 (CTRL-O)
	sign, element, state

	Replace Bitmap
	17 (CTRL-Q)
	bitmap #, x, y

	OR Bitmap
	18 (CTRL-R)
	bitmap #, x, y

	XOR Bitmap
	19 (CTRL-S)
	bitmap #, x, y

	AND Bitmap
	20 (CTRL-T)
	bitmap #, x, y

	Recall Stored Message
	21 (CTRL-U)
	message #, on time, off time

	End of Message
	0 (CTRL-@)
	



Table 10:  Message Control Codes


Flashing Characters - The text between the flash on and flash off codes shall be flashed at the rate specified in the FlashOn and FlashOff fields of the message header.  Flashed text shall alternate between on and off (as opposed to normal and inverse).  Other control codes are not permitted in a flash area.  Flashing regions of text shall not span lines.  If two or more lines are to be flashed, each line shall have separate flash on and flash off codes.  If a newline is encountered after a flash on code and before a flash off code, the flashing region shall be terminated.  If the flash attribute is not set when the flash off code is encountered, the flash off code shall be ignored.  Each phase of a message shall not contain more than six flashing regions.



Inverse Characters - The text between the inverse on and inverse off codes shall be displayed as dark letters on a bright background.  The only control codes permitted while the inverse attribute is on are horizontal tab and newline.  Other codes shall be ignored.  If the inverse attribute is not set when the inverse off code is encountered, the inverse off code shall be ignored.



Animate Character - The animate character code shall animate only one character.  The three bytes following the code are: the character to animate, the number of pixels to move the character each time, and the total width of the animation area.  No other characters are permitted in the animation area, and the animation area cannot extend beyond the end of the line.  The number of pixels to move the character is a signed quantity.  If it is positive, the character shall begin on the left side of the animation area and move from left to right.  When the character reaches or would go beyond the right side of the animation area, it returns to the left side and repeats its motion to the right.  If the number of pixels to move the character is negative, the character begins on the right side of the animation area and moves to the left.  When it reaches the left side of the area, it returns to the right side and repeats the motion.  Animated characters shall not be flashed or displayed in inverse.  A single phase of a message shall not contain more than six animated characters.



Display Time - The display time code shall cause the sign controller to display the text for the current time, as stored in the controller, in the form defined by the format code following the display line code.  The format codes and their corresponding text format are shown below.

	PRIVATE 
Code
	
	Format
	
	Comment

	1

2

3

4
	
	HH:MM xM

HH:MM

HH:MM:SS xM

HH:MM:SS
	
	12 hour (x = A or P as appropriate)

24 hour

12 hour (x = A or P as appropriate)

24 hour





As the time within the controller changes, the time displayed on the sign shall be updated automatically.



Display Date - The display date code shall cause the controller to display the text for the current date at the current cursor position.  The format of the date text shall be defined by the format code which follows the display date code.  These codes are defined below.

	PRIVATE 
Code
	
	Format
	
	Comment

	1

2
	
	MM/DD/YY

mmm dd, yyyy
	
	




Horizontal Tab - The horizontal tab code shall move the cursor (or point where the next character shall be drawn) a specified number of pixels to the right.  The number of pixels to move is specified by the byte following the horizontal tab code.



Newline - The newline code shall be used to return the cursor to the left side of the sign and to move it down one line.  The line height is equal to the height of the font being used.



Vertical Tab - The vertical tab code shall move the cursor down the specified number of pixels.  The number of pixels to move shall be specified by the byte following the vertical tab code.



Display Temperature - Display external ambient air temperature from temperature sensor mounted at the air-intake stream or outside the sign.



Set Special Display - The set special display code shall turn on special non-text displays, such as arrows, shields, bars, etc.  The first byte following the code shall specify which display element to control.  The second byte following the code shall specify the state that element shall be set to.  For instance, an arrow display may have three states, left, up and right pointing arrows.  The absence of a special display code for a particular element shall mean that the element is turned off for the message.  The sign specification shall define the identifying number for each special display element, and the codes representing the different states of that element.  

	PRIVATE 
Code
	
	Format
	
	Comment

	1
	
	+FFF
	
	Temperature in Degrees F

	2
	
	+CC
	
	Temperature in Degrees C

	3
	 
	+FFF/+CC
	
	Temperature in both F and C with a ‘/’




Set Sign Display - The set sign display code is similar to the set special display, except that it includes the sign number where the display element is located.  This code is primarily intended for trailblazers or drum signs with multiple signs connected to a single controller.  The first byte following the code is the sign number relative to the controller.  Thus, the first sign connected to the controller is sign number 1, the second sign is sign number 2, etc.  The second byte following the code is the display element or drum to be controlled.  The third number following the code shall be the state or face to display.  The absence of a control code for a particular element shall mean that the element is turned off or displays a blank face.  The sign specification shall define the identifying number for each display element or drum and the codes representing the different states or faces for that element.



Bitmap Display - There are four codes which cause a bitmap to be displayed.  For each of these codes, the three bytes that follow define the bitmap to be displayed, the x coordinate of the upper left-hand corner of the bitmap, and the y coordinate of the upper left-hand corner of the bitmap respectively.  The bitmap number shall range from 1 to 255, and corresponds to the system-wide bitmap name, not the index of the locally stored bitmaps.  The x and y coordinated are one-based, with coordinate (1,1) being the upper left-hand corner of the sign.  The four codes indicate the bitwise operation to be performed when displaying the bitmap on the sign.  The replace code completely overwrites any data already on the sign or in the frame buffer.  The OR code performs a logical OR of the bits in the bitmap with the bits on the sign or in the frame buffer.  The XOR code performs an exclusive-OR of the bits in the bitmap with the bits on the sign or in the frame buffer.  The AND code performs a logical and of the bits in the bitmap with the bits on the sign or in the frame buffer.



If the bitmap to be displayed is not stored in the controller, a message display error shall be flagged, and the message shall not be displayed.



Recall Stored Message - The recall stored message code is used to create and display messages with more than two phases.  This code requires three additional parameters: the stored message to display, the amount of time to display the message in tenths of seconds, and the amount of time to blank the sign before displaying the next phase in tenths of seconds.  A message which uses these codes shall contain only these codes, and not any additional text or control codes.  The Ph1On, Ph1Off, Ph2On, Ph2Off and Ph2Idx values shall all be zero.  A message which contains one or more 'displayed stored message' codes cannot contain additional text to be displayed.  If the message does contain text, an error shall be generated, and the message(s) shall not be displayed.



Only the first phase of any stored messages which is recalled shall be displayed, and the on and off times specified after the control code shall override the on and off times in the recalled message.  Recalled messages shall not contain any "recall stored message" codes.


Logical Block 4 - Passwords


The VMS controller shall maintain a downloadable list of 6 digit passwords and access level for access through the front panel.  The array of 16 passwords and access codes constitute one item.  A user shall enter a valid password to change the operation of the controller.  Table 11 shows the structure of the passwords table.

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	AccCod
	16
	6 bytes + 1 byte
	Six digit password + authorization level for that password



Table 11:  Passwords Structure

The six digits of the passwords shall be in the range of 0 to 15 (hexidecimal 0 - F), unless the local control interface of the sign does not permit entry of hexadecimal numbers A through F, in which case the range shall be from 0 to 9.  These digits shall not be encoded as ASCII.  The authorization level shall be between 0 and 3.  An authorization level of 0 means that no password is assigned to that slot.  An authorization level of 1 shall allow the operator at the sign controller to change the drop address, the time of day in the controller, clear the status bits, and run diagnostic tests.  Level 2 authorization shall allow all the level 1 functions, plus the ability to display messages, modify the photocell tables and modify the control parameters.  Level 3 authorization shall allow full access to all functions of the controller.


Logical Block 5 - Control Parameters


These parameters control the general operation of the sign.  These parameters, or their equivalent, shall also be accessible from the local control interface of the sign controller.  Table 12 shows the structure of the control parameters table.

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	CommTO
	1
	1 byte
	Communications Timeout in minutes

	RemotOvr
	1
	1 byte
	Central override of local control

	Spare
	1
	1 byte
	Reserved for future use

	Spare
	1
	1 byte
	Reserved for future use

	SignInt
	1
	1 byte
	Sign intensity level



Table 12:  Control Parameters Structure

The CommTO parameter sets the number of minutes the controller shall display a message without receiving further communications from the VMS master.  If a period longer than CommTO elapses without any communications to the controller, the controller shall drop to "backup" mode of operation, but shall continue to listen for properly addressed messages.  When proper communication is re-established, the controller shall return to "remote" mode of operation.  This does not apply if the sign is being locally commanded to display a message.  The default value for this parameter shall be 10 minutes.


If the RemoteOvr parameter is non-zero, then central commands will override any commands given locally at the sign.  This shall be used as a fail-safe if there is no one present at the sign to remove a locally selected message which was displayed and possibly forgotten.  This parameter would normally be zero.


The SignInt parameter sets the intensity level the sign shall use.  This is a number between 1 and 7 which shall be used to select an intensity setting.  A setting of 7 corresponds to maximum intensity or brightness.  These intensity settings shall be adjustable at the controller, either under computer control or manually.  This parameter will be updated by the VMS master every 5 minutes based upon uploaded photocell readings.  A setting of 0 shall cause the controller to reduce the sign intensity to completely off.


Logical Block 6 - Status Record


The VMS controller's status structure contains information on the current sign being displayed, error logs, message history and system hardware status.  Each of the fields are described below.  All 16-bit (word) fields shall be sent most significant byte first.  This table shall be uploaded and downloaded, but the download of this table has a special, non-standard meaning as explained a the end of this section.  It is one item configured as shown below in Table 13.

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	CurMsg
	1
	byte
	Current message being displayed

	CtrlSrc
	1
	byte
	Control source (0=remote, 1=local, 2=sign)

	PCFront
	1
	byte
	Front photocell reading

	PCTop
	1
	byte
	Top photocell reading

	PCBack
	1
	byte
	Back photocell reading

	ExTemp
	1
	byte
	External temperature in degrees F above -50F

	InTemp
	1
	byte
	Internal temperature in degrees F above -50F

	LstErr
	1
	byte
	Last Error Type

	ErrVal
	1
	byte
	Value which caused error (if applicable)

	ErrLoc
	1
	word
	Address of Error

	LErTim
	1
	6 bytes
	Time of last error (year, month, day, hour, minute, second)

	PixOnFail
	1
	word
	# of pixels not turning on

	PixOffFail
	1
	word
	# of pixels not turning off

	ModFail
	1
	word
	# of failed modules

	IllAcc
	1
	byte
	Illegal Access Flag

	BBRam
	1
	byte
	Battery Backed RAM status

	PFSta
	1
	byte
	Power Fail Status

	SCSta
	1
	byte
	Serial Communications Status

	CMSta
	1
	byte
	Command Message Status

	DspSta
	1
	byte
	Message Display Status

	HdwSta
	1
	byte
	Sign hardware status



Table 13:  Status Record Structure

The CurMsg parameter is the number of the currently displayed message or on-going test.  This parameter is also returned as part of the normal status report.  The CtrlSrc parameter specifies where the current command originated.  If the sign is executing a command from the central computer, this value is zero.  If the command came from someone at the controller, the value is one.  If it came from switches or buttons on the sign itself, this value is two.  If there are other possible control sources, their ID and meaning shall be specified by the sign controller provider.



The PCFront, PCTop and PCBack parameters are the latest photocell readings from the three photocells located on the sign.  The VMS master will upload these readings every five minutes.  The sign controller provider shall specify the range of valid values these readings may have, and the meanings of these readings (is a low number very bright or very dark?).



The InTemp and ExTemp parameters are the latest temperature readings from the internal and external ambient air temperature sensors.  Both are single byte values in positive integer in degrees F above -50F.  Temperature shall be measured within +1 degree F over the range of -50F to +200F.



The LstErr parameter specifies the type of the last error that occurred at the controller.  These error types and codes are listed in Table 14.  Additional error codes which are sign and controller specific may be added to this list and shall be specified by the sign controller provider.



The ErrVal parameter is used for any data which may be helpful in determining the source or cause of the error.  Its meaning is dependent on the type of error.  The sign controller provider shall specify which errors fill in this field, and what this field represents for each type of error.



The ErrLoc parameter is the address in controller memory where the error occurred.  This will only be used for debugging and troubleshooting purposes.



The LErTim is a structure which contains the date and time that the error occurred.



The PixOnFail parameter is set after a test which shall tell if any pixels or pixel drivers have failed.  It counts the number of pixels which did not turn on when they were supposed to.  The PixOffFail parameter reports the opposite condition.  It counts the number of pixels which will not turn off.  The ModFail parameter reports the number of modules which have failed due to fuse, power transistor or electronics failures.



The IllAcc byte shall be set to indicate that there have been at least three consecutive access attempts which failed.



The BBRam status byte contains bit flags indicating the status of the non-volatile configuration memory.  These bits are:




•
Bit 0 -
Write operation in progress.  Indicates that the NVRAM is currently being written to, and cannot be read or modified.




•
Bit 1 -
Write request(s) pending.  Indicates that one or more logical blocks need to be written to NVRAM.




•
Bit 2 -
Write failure.  Indicates that a write operation to NVRAM failed and the database is not correct.




•
Bit 3 -
Corrupted due to power failure.  Indicates that a write operation could not complete due to a power failure and the database is not correct.




•
Bit 4 -
Operations not performed due to failing power.  Indicates that write requests were not performed because controller power was failing and the database is not correct.




•
Bit 5 -
Invalid checksum.  Indicates that the database checksum was invalid and that NVRAM is corrupted.



The PFSta status flags indicate whether there has been a power failure.  These bits shall be cleared when a time broadcast or time download is received.  The bits are:




•
Bit 0 -
Controller power failure since last time broadcast.  Indicates there has been at least one power failure since the last time the controller's time was updated from the VMS master.




•
Bit 1 -
Timer overrun.  Indicates that any timekeeping device which operates when power is off has overrun or failed.  This implies that the controller does not have the correct time.


The SCSta status flags indicate the status of the serial communications.  The bits are:




•
Bit 0 -
Transmit operation in progress.  Indicates that the controller is currently transmitting information to the VMS master.




•
Bit 1 -
Carrier detect status.  Indicates that the sign controller is receiving the carrier detect signal from the modem.




•
Bit 2 -
Receiver overrun error history.  Indicates a serial data overrun has occurred since the last time this record was cleared.




•
Bit 3 -
Receiver framing error history.  Indicates a serial data framing error has occurred since the last time this record was cleared.




•
Bit 4 -
Receiver parity error history.  Indicates a serial data parity error has occurred since the last time this record was cleared.




•
Bit 5 -
Receiver checksum error history.  Indicates a serial data checksum error has occurred since the last time this record was cleared.




•
Bit 6 -
Receiver buffer full history.  Indicates that the serial receive buffer was full and one or more messages were not processed correctly since the last time this record was cleared.


The CMSta status flags indicate the command message history.  The bits are:




•
Bit 0 -
Invalid message type history.  Indicates that a message was received with a message type that is not allowed since the last time this record was cleared.




•
Bit 1 -
Invalid logical block number/item number.  Indicates that a message was received with an invalid logical block or item number since the last time this record was cleared.




•
Bit 2 -
Communications synchronization error.  Indicates that a new message was completely received while still transmitting a response to a previous message since the last time this record was cleared.




•
Bit 3 -
Invalid time synchronization.  Indicates that a time broadcast or time download was received with invalid fields since the last time this record was cleared.




•
Bit 4 -
Invalid downloaded data.  Indicates that one or more downloaded items contained invalid data since the last time this record was cleared.



The DspSta status flags indicate the status of the display.  The meanings of the bits are: 




•
Bit 0 -
Font not available.  Indicates that the font for the last commanded message is not stored in the controller and the message cannot be displayed.




•
Bit 1 -
Bitmap not available.  Indicates that a bitmap specified in the last commanded message is not stored in the controller and the message cannot be displayed.




•
Bit 2 -
Illegal character in message.  Indicates that the last commanded message contains one or more illegal characters.




•
Bit 3 -
Number of animated characters exceeded for message.  Indicates that at least one frame of the last commanded message contained more than six animated characters, and some animated character were not displayed.




•
Bit 4 -
Number of flashing areas exceeded for message.  Indicates that at least one phase of the last commanded message contained more than six flashing areas, and some flashing areas were not displayed.



The HdwSta status flags indicate the status of the sign and controller hardware.  The meanings of these bits are dependent on the sign hardware used.  The sign controller provider shall specify the meanings of these bits.



Bits which are not specifically mentioned here may be used to record other types of errors.  If these bits are used, they shall be documented by the sign controller provider.



Logical block 6, the status record, may be downloaded to the controller, but upon receiving a download of this logical block, the controller shall respond in a special manner.  A download of this block shall mean that the error codes, counters, flags and bits shall be cleared.  The contents of the downloaded logical block shall be ignored.  Upon receiving a download of logical block 7, the controller shall:




(a)
Clear the LstErr, ErrVal, ErrLoc, LErTim, PixOnFail, PixOffFail, ModFail and IllAcc fields, and




(b)
Clear bits 2 - 5 in BBRam, bits 0,1 in PFSta, bits 2 - 6 in SCSta, bits 0 - 4 in CMSta, bits 0 - 4 in DspSta, and any other appropriate bits defined by the sign controller provider, and





•
Respond to the download with a download status of 2, download status normal.

	PRIVATE 
Error Code
	Name
	Explanation

	1
	Font error
	The font or character specified for the commanded message is not available to user.  An empty message shall also give this error.

	3
	Illegal character in message
	A character in the message was not recognized by the message drawing routine.  It was ignored and the rest of the message was displayed.

	4
	Illegal control character in message
	A character less than code 32 was found in the message which could not be interpreted as a valid control code by the message display routine.

	5
	Too many animated character in message
	The message contained more than 6 animated characters per phase.

	6
	Too many flash areas in message
	The message contained more than 6 flashing regions or lines in a single phase.

	32
	Pixel driver failure
	A pixel driver output did not verify correctly while the sign was being blanked or during a test.

	33
	A/D converter failure
	The A/D converter did not function properly during the electronics test.

	255
	Bad EPROM check sum
	The EPROM check sum failed, meaning the program code has potentially been corrupted.  EPROM must be replaced.



Table 14:  Error Codes and Types

Logical Block 7 - Time


The VMS controller maintains the current time to time stamp events and display the time on the sign if that capability is built into the sign controller.  A download of this block shall be interpreted in the same manner as a time broadcast.  Table 15 shows the structure of the time record.

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	Year
	1
	byte
	Year

	Month
	1
	byte
	Month

	Day
	1
	byte
	Day of month

	Hour
	1
	byte
	Hour of day

	Minute
	1
	byte
	Minute of hour

	Second
	1
	byte
	Second of minute



Table 15:  Time Record Structure

Logical Block 8 - Software Identification


The VMS controllers current software version number shall be uploaded to verify that the correct software is loaded in the controller.  This shall be a null-terminated string.  The content of the string is up to the manufacturer, but shall include information such as the name of the software program, the manufacturer's name, the date, the version number of the software, and the type and size of the sign.  This block shall only be uploaded.  If the sign controller receives a download of this block, it shall respond with a download status code of 1, indicating an upload only block, and discard the downloaded data.  Table 16 shows the structure of logical block 8

	PRIVATE 
Name
	# of Elements
	Components
	Comments

	VerNm
	80
	byte
	Software name and version string



Table 16:  Software Version String Structure

6.  VIDEO SURVEILLANCE SYSTEM (CCTV) 
38
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ITEM 38. CAMERA ASSEMBLY


38.1
DESCRIPTION



Items to be provided under this category should consist of furnishing components for a CCTV camera assembly.  Components shall include a color camera, zoom lens, environmental pan and tilt unit, and camera cable junction box.


38.2
MATERIALS



Camera Assembly, including color camera & lens, environmental enclosure, pan and tilt unit, and camera cable junction box.



38.2.1
Solid-State Charged-Coupled Device (CCD) Color Camera - The color camera units shall be of solid-state design, and shall meet or exceed the following requirements:




-Color system


NTSC Standard




-Image sensor


1/2-inch format, blemish free, charge coupled device (CCD) color image sensor




-Active picture elements
760(H) X 480(V) pixels




-Scan



NTSC; 2:1 interlace




-Resolution


350 lines vertical, minimum 460 lines horizontal, minimum




-Contrast variation

5 percent overall, or less




-Sensitivity with 3200K
Full video at 1.3 fc faceplate illumination; illumination usable picture at 0.11 fc faceplate illumination




-Automatic gain control
Selectable, 0-20 Db range (peak-average adjustable)




-Automatic color balance
Reference white areas of scene through lens




-Gamma correction

0.5




-Electronic shutter

Selectable 1/60 second to 1/10,000 second, in 8 steps




-Operating Temperature
-40 to 50 o C (-40 to 122 o F) with heater




-Humidity


Up to 100%




-Altitude


Sea level to 3,000 m (10,000 ft)




-Acoustic Noise

Capable of continuously withstanding 150 dB for 30 minutes.




-Shock (less lens)

MIL-E-5400T, paragraph 3.2.24.6




-Air Contaminants

MIL-E-5400T, paragraphs 3.2.24.7 through 3.2.24.9




-Explosion


MIL-E-5400T, paragraph 3.2.24.10




-Signal to noise ratio

Greater than 48 dB




-Lens mount


C-mount




-Power



115 VAC power or 12 VDC supplied from the control receiver; 6 watts maximum.  Power input circuits isolated from other circuits in camera




38.2.1.1
The camera shall be specifically designed to operate under low light conditions and shall function satisfactorily over a wide range of dynamic lighting conditions ranging from low light to full sunlight.  The camera shall be fully compatible with all other CCTV components. 




38.2.1.2
The camera shall provide alarm reporting capability.  Alarms reported shall include, but not be limited to, low wiper fluid level, and high or low temperature warning.




38.2.1.3
Motorized Zoom Lens - Each camera shall be provided with a motorized 10:1 zoom lens with automatic iris (including manual over-ride) and neutral density spot filter.  All lens motors shall be clutch protected to prevent damage due to overload.  The lenses shall be fully compatible with all other CCTV components and shall meet the following minimum specifications:





-Focal length


16 to 160 mm (10x)





-Aperture Range

f/1.2 to F22





-Min. focusing distance
1.3 meter





-Preset position points

10





-Manual iris control override





-Mounting


C or CS type lens mount





-Format


1/2-inch



38.2.2
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Environmental Enclosure




38.2.2.1
Environmental Enclosure including pan/tilt/unit, mounting hardware, and cable shall meet or exceed the following requirements:






-Heater


Internal heater with window defroster and defogger






-Window wiper and washer
Separate fluid reservoir (filled) with peristaltic pump






-Sunshield


Mounted in such a fashion to allow air to pass over the external surface while keeping direct sun off the housing.  Front portion of the shield shall protrude 4" over the housing viewing window.




38.2.2.2
The Environmental enclosure shall be provided with a mounting assembly for attachment to the pan and tilt assembly.  The enclosure shall be fabricated from corrosion resistant Type 5052H32 aluminum and finished in a beige color of weather resistant enamel.  The enclosure shall utilize a two piece body, consisting of a top (lid) and a lower body.  The lid shall be hinged to the lower body.  Opening assistance and support of the lid when open shall be accomplished through the use of gas charged struts.  The lid shall be such that it extends over the front of the enclosure producing a visor effect over the window of the enclosure and shall latch closed utilizing four twist cam style latches having padlock eyelets.  The lid shall be provided with a capped vent to allow heated air to ventilate from the enclosure.




38.2.2.3
The lower body shall have a clear viewing window constructed of optically clear, 0.250" thick plate glass, having a minimum viewing area of 5.5" (H) x 7" (W).




38.2.2.4
Camera cable/wiring shall enter the enclosure through two adjustable glands mounted on a removable plate located on the bottom of the enclosure.  The cable plate shall be located so that it is fully accessible when the enclosure is attached to the pan\tilt unit.




38.2.2.5
The enclosure shall be designed for outside use and capable of withstanding temperatures up to 120O F (48.89o C).




38.2.2.6
The enclosure shall be furnished with a factory installed, thermostatically controlled blower.  The blower shall provide an air flow of 90 CFM nominal through a replaceable filter and wired to be on at 100o F and off at 70o F.  The blower shall operate on 120 VAC 50/60 Hz with nominal consumption of no more than 15 watts.




38.2.2.7
The enclosure shall be furnished with a factory installed, thermostatically controlled heater.  The heater shall activate on at -40o F and off at 60o F.  The heater shall operate on 120 VAC 50/60 Hz and have a nominal power consumption of 160 watts.




38.2.2.8
The enclosure shall be furnished with a window defroster that works in conjunction with the heater.  The defroster shall operate on 120 VAC 50/60 Hz and have a nominal power consumption of 80 watts.




38.2.2.9
The enclosure shall be furnished with a window wiper and washer.  The wiper shall operate on 120 VAC, 50/60 Hz and have a nominal power consumption of 90 watts.  The washer shall utilize a 12 volt PC pump powered by a transformer incorporated into the design.  The enclosure shall be provided with a 2 quart reservoir for washer fluid.




38.2.2.10
The mounting base shall be designed for the camera, lens, and enclosure.




38.2.2.11
The pan and tilt unit shall employ a cable guard to prevent cable entanglement during combined pan and tilt operations.




38.2.2.12
The housing shall be cast aluminum.  All internal parts shall be corrosion protected.  The pan and tilt units shall have a white enamel, UV protected, exterior finish.  The finish shall match the camera enclosure in color.




38.2.2.13
The total weight of the camera assembly shall not exceed 80 pounds.



38.2.3
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PAN AND TILT UNIT; The pan and tilt units shall be designed for use in outdoor applications and shall be constructed to allow maintenance of the unit without removal from the installed site.  The units shall be compatible with all other CCTV surveillance system components furnished under this contract.  The pan and tilt unit shall be installed with camera stop positions as directed by the Department.  Position feedback shall be provided to allow presets.




38.2.3.1
The pan and tilt units provided shall meet or exceed the following specifications:






-Pan


0-355o +/-1.0o, 6o/sec, 10 ft.lbs.






-Tilt


+/-90o +/- 0.5o, 3o/sec, 20 ft.lbs.






-Load rating

80 lbs.






-Preset position points
10






-Input Voltage

120 VAC 50/60 Hz (from camera controller)






-Motors

Two phase induction type, continuous duty, instantaneous reversing with dynamic breaking






-Limit switches
Pan - 5 Amp, 10 million cycle rating 









Tilt - 5 Amp, 10 million cycle rating









(External adjustment for both pan and tilt)



38.2.4
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CAMERA CABLE JUNCTION BOX. A junction box shall be provided for each camera assembly.  The junction boxes shall meet or exceed the following specifications:





-Enclosure rating:
NEMA 4





-Dimensions:

10 inches (L) x 8 inches (W) x 4 inches (D) Hinged Cover





-Terminals:

Rail-mounted, feed through, screw clamp terminals 3/8” and ¼ “ mounted on pan to fit enclosure


38.3
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METHOD OF MEASUREMENT



The camera assembly will be measured as a unit each which shall include all materials cabling, connectors, hardware (including that hardware necessary for mounting), and equipment incidental thereto.


38.4
BASIS OF PAYMENT



The camera assembly, measured as provided above, will be paid for at the contract unit price each which price shall be payment in full for furnishing a color camera, zoom lens, environmental enclosure, pan and tilt unit, cable junction box, and for all labor, equipment, transportation, and incidentals necessary to provide these items.

39
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ITEM 39. CAMERA CONTROLLER ASSEMBLY


39.1
DESCRIPTION



Items to be provided shall consist of furnishing components for a camera controller assembly.  Components shall include camera control hardware and associated appurtenances in accordance with the following specifications.


39.2
CAMERA CONTROLLER ASSEMBLY, INCLUDING CONTROL RECEIVER AND SURGE PROTECTORS.



39.2.1
The camera control receiver supplied under this contract shall be fully and completely compatible with the camera control hardware camera assemblies, and provide the functions specified below.  The Contractor shall identify in the material submissions how compatibility with the existing CCTV system will be achieved.



39.2.2
The control receiver shall receive data from the existing central camera control unit, decode the command data, perform error checking, and drive the pan/tilt unit, camera controls, and motorized zoom lens.  As a minimum, the control receivers shall provide the following functions:





-
Zoom In/Out





-
Focus Near/Far





-
Tilt Up/Down





-
Camera Power On/Off





-
Manual Iris Open/Close





-
Pan Right/Left





-
Washer/Wiper Control





-
Preset Position Control





-
Speed Fast/Slow



39.2.3
The control receiver shall have an interface (1200-9600 bps) for remote camera control, and NTSC video interface for connection to external communication circuits.



39.2.4
All cabling, connectors and other miscellaneous appurtenances necessary to connect the camera to the controller assembly shall be included and considered a part of this item.



39.2.5
Each control receiver shall have a unique address which is changeable by changing connector harness, switch settings, or plug-in modules.  The control receiver shall respond to a central command only if it is addressed.



39.2.6
The control receiver shall provide for the full local control of the above functions.  These controls shall be accessible from a 19-inch, rack mounted panel assembly.  This may be accomplished via one of the following methods:





-
Toggle switches on the control receiver chassis.  Switches shall be labeled as to their function.





-
Toggle switches on a panel within the field equipment cabinet.  A separate switch panel shall be provided for each control receiver within the cabinet.  Switches shall be labeled as to their function.





-
Portable control panel, packaged in a durable carrying case, which connects to the control receiver and to the local 115 VAC source within the cabinet.  A total of two (2) control panels (including all connecting cables) shall be furnished under this option.



39.2.7
The control receiver shall operate from a 105-130 VAC, 50/60 Hz source, and shall distribute the necessary power to the camera and pan and tilt unit.



39.2.8
75 ohm isolated baseband video surge protector capable of surge handling of 18 kA, 8/20 waveform, 110 Joules.  The insertion loss shall be less than 0.3 dB over a frequency range of dc to 15 MHz.


39.3
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METHOD OF MEASUREMENT



The camera controller assembly will be measured as a unit each which shall include all materials, cabling, connectors, hardware -- including that necessary for mounting, and equipment incidental thereto.


39.4
BASIS OF PAYMENT



Camera controller assemblies measured as provided above, will be paid for at the contract unit price each which price shall be payment in full for furnishing a Camera Assembly; Environmental Enclosure, Camera Controller Assembly, and for all labor, equipment, transportation, and incidentals necessary to provide these items.

40
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ITEM 40. TRAINING


40.1
DESCRIPTION



Work under this item shall consist of providing qualified instructors and all materials for training Department personnel and other designated personnel in the operation and maintenance of the various Video Surveillance CCTV System equipment and components furnished under this contract.


40.2
MATERIALS



The contractor shall develop and submit training course outlines and samples of all training aids and manuals to the engineer for approval at least forty-five (45) days prior to the proposed scheduled start of the training sessions.  Written approval of this material shall be required prior to the final scheduling of the training sessions or the final production of training materials.  Training shall not begin until after approval of the submitted training material, and a minimum of 10 working days after acceptance of the operation and maintenance manuals specified under the Item Documentation.


40.3
As part of this item, the Contractor shall provide three sets of all test equipment needed to perform the tests called for in this specification.  The Contractor shall also provide 3 sets of any and all test equipment needed to perform routine maintenance on the equipment furnished under this category of the specification. The training sessions described under this item shall include training on the use of the test equipment furnished by the Contractor.


40.4
CONSTRUCTION METHODS



All training sessions shall be conducted at locations within Salt Lake County, Utah as designated by the Department.  Training sessions shall not overlap unless otherwise permitted by the Department.



40.4.1
Training shall consist of formal classroom lectures as well as “hands-on” training.  "Hands-on" training shall consist of working with the actual equipment.



40.4.2
Two (2) training sessions shall be provided for each equipment category and subsystem as follows:




•
CCTV subsystem (including, but not

3 days





limited to, camera assemblies, control





receivers, camera controllers, recording 





monitoring and communications





equipment, and Test Equipment)



40.4.3
A "day" of training shall consist of 6 hours.  The two sessions for each equipment category/subsystem shall be identical in content.  The training sessions shall not overlap unless otherwise permitted by the engineer.  The attendance of each session shall not be more than 30 people.  Each session shall provide a basic understanding of the equipment and subsystems and their operation and maintenance.  These training sessions shall include as appropriate, and as a minimum:




•
Background on concepts of equipment/subsystem, and theory of operation.




•
Functional description of subsystem equipment components.




•
Procedures for installing and setting up equipment and components.




•
Basic troubleshooting and fault determination procedures.




•
Preventive maintenance procedures and schedules.



40.4.4
The contractor shall video tape all training sessions, and provide the tapes to the Department for training new personnel in the future.


40.5

seq level2 \h \r0 
METHOD OF MEASUREMENT



Training will be measured as a Lump Sum which shall cover all preparation of course materials and as well as the time and human resources to provide and run the course at a location to be determined by the Department.


40.6
BASIS OF PAYMENT



Training, measured as provided above, will be paid for at the contract unit price Lump Sum, which price shall be full compensation for furnishing instructors and training materials; for providing the training sessions; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

41
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ITEM 41. ENGINEERING FIELD SERVICES


41.1
DESCRIPTION



The supplier shall provide on-site services when requested by UDOT, including, but not limited to:




•
Field connections




•
Fine tuning video surveillance system signals




•
System integration



41.1.1
Field services shall be provided by experienced personnel familiar with use of the equipment and software. Experienced personnel shall include, but not be limited to, instructors, engineers, and field technicians.



41.1.2
Payment for on-site services will be on an 8-hour "person-day" basis with a minimum order of two (2) full days.



41.1.3
Time required to travel from out of state to Utah shall not be eligible for payment. Travel time within Utah between UDOT sites is included in the person-day.



41.1.4
All direct costs of travel, accommodations, and meals shall be included in the unit bid price per day for on-site services. No separate payments will be made for these travel costs.



41.1.5
On-site services may be required anywhere in the state of Utah. Field services will be scheduled at least two weeks in advance.



41.1.6
No payment will be made for on-site services which are required to trouble-shoot or resolve problems caused by malfunctions or failures of the vendor’s equipment or for work done under warranty.


41.2
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METHOD of MEASUREMENT



Engineering Field Services will be measured as days which shall be the number of training days as defined herein.


41.3
BASIS of PAYMENT



Engineering Field Services, measured as provided above, will be paid for at the contract unit price per day, which price shall be full compensation for furnishing field personnel to provide engineering services; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

42

seq level1 \h \r0 
ITEM 42. ALLOWANCE FOR MISCELLANEOUS ITEMS


42.1
DESCRIPTION



Under this item, UDOT will purchase miscellaneous ATMS video surveillance equipment on an as-needed basis in small quantities. This will include spare and replacement parts.  Equipment purchased may include, but not be limited to the following:




•
Camera and controller components (modules, connectors, etc)




•
Miscellaneous (mounting hardware, cable, etc.)



42.1.1
A price list or catalog for miscellaneous traffic control parts,  shall be included in the proposal. Any discount offered shall be indicated. 


42.2
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METHOD of MEASUREMENT



This Item is measured as a Lump Sum.  The value for this item is fixed as stated in the bid sheets and must be included by all bidders in calculating the total for  their proposal.


42.3
BASIS of PAYMENT



Payment for equipment ordered under this item shall be made according to the price list, less any discount offered.


7.  OTHER EQUIPMENT
43
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ITEM 43. SPREAD SPECTRUM RADIO: 902 - 928 Mhz


43.1
SCOPE



43.1.1
This specification establishes the performance, design, and test requirements for a direct sequence, spread spectrum, digital microwave radio capable of two-way, clear channel communications at 64 kilobits per second meeting or exceeding the following requirements.


43.2
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DEVICE SPECIFICATIONS



43.2.1
The following subsections describe the mounting, electrical, environmental, and configuration characteristics for the candidate device.  



43.2.2
The candidate device shall be capable of being mounted on a EIA 19 inch rack mount inside the controller cabinet.  Shelf mounting is acceptable.



43.2.3
Electrical:




43.2.3.1
Power Consumption






The candidate device's power consumption shall not exceed 25 Watts.




43.2.3.2
Voltage Requirement






The candidate device shall operate from an alternating current external power supply.  The AC external power supply shall supply all necessary voltages to the candidate radio.  It shall be capable of operating within an input range of 100 to 250 VAC at 50/60 Hz, 0.3-0.7 A.



43.2.4
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Environmental Conditions:




43.2.4.1
The candidate device shall maintain all of its defined functions and performance levels when the ambient temperature and humidity are within the specified limits of this specification.




43.2.4.2
Operating Ambient Temperature and Humidity





43.2.4.2.1
The operating ambient temperature is the external environmental temperature.








Minimum:
-34 degrees C








Maximum:
+74 degrees C








Humidity:
0 to 95% non-condensing



43.2.5
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Configuration:





The following subsection describes the user configuration interface for the candidate device.




43.2.5.1
Configuration Interface






The candidate radio shall support the capability to select and/or change , the following parameters:






1
RF Channel;






2
Transmit output power;






3
Internal or External Burst Timing;






4
Transmit Clock Source;






5
Asynchronous, Synchronous, Test






6
PN Code;






7
Data Rate;






8
RTS Internal or External






9
Radio Loopback or Normal






10
Master or Slave.



43.2.6

seq level3 \h \r0 
Interfaces





The following subsection describes the communication interfaces for the candidate device.




43.2.6.1
EIA/TIA RS-232 Interface






Transmission Line Rate
1.2 - 64 kbps full-duplex 






Byte Length


8-Bit, 10-Bit, 9-Bit, 11-Bit switch selectable






Data Flow


Continuous 1.2 - 64 kbps 






Protocol


Transparent






Control Lines


RTS/CTS 






Operation Mode

RTS Internal Asserted, RTS External Asserted






Connector Type

DB25 Female




43.2.6.2
Radio Interface






Frequency Band

902-928 MHz at Radio Connector






Occupied Bandwidth

5.1 MHz






Number of Channels

5 Non- overlapping 






Operating Protocol

Time Division Duplexing






Modulation Type

BPSK






Spreading Method

Direct Sequence






Spreading Code

8 sets of 32 bit PN Codes






Processing Gain

12dB






Transmission Distance

Up to 15 miles






System Gain 


124 dB (not including antenna gain)






RF Connector


N Type Female




43.2.6.3
Burst Timing Synchronization






The candidate device shall support synchronized transmission and reception when two or more radio device pairs are to be used in a hub configuration or in a repeater configuration to maximize Co-Channel isolation without the use of microwave diplexers. 





43.2.6.3.1
Burst Timing Synchronization Interface:







BNC Female Connector




43.2.6.4
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Signal Quality Indicator






Interface


2 single-pin jacks




43.2.6.5
Microwave Transmitter






Output Power


800 mW (29dBm) maximum,  switch configurable






Dynamic Range

29 dB






Carrier Frequency Stability
+/- 2.0 ppm






Frequency Source

Synthesized






Load Impedance

50 Ohm nominal






RF Port Protection

Short circuit protected




43.2.6.6
Microwave Receiver






Sensitivity


-95 dBm @ BER of 10-6





Input Impedance

50 ohm nominal






Receive Overload Threshold
> -10 dBm  






C/I Tolerance


0 dB






Noise Figure


5.0 dB maximum






RSQ Detector Range

0 - 10




43.2.6.7
Diagnostic Tools






The candidate radio shall provide the following test modes:






Internal Test Pattern






Radio Loop Back






Digital Loop Back






Signal Quality Test Jacks


43.3
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RELIABILITY, MAINTAINABILITY AND PRODUCT WARRANTY



43.3.1
EMI, RFI Susceptibility




43.3.1.1
Operation of the candidate device shall not be impaired or degraded when subjected to normal radiated or conducted interference.  Cellular phones,  VSAT ground stations, and other sources of "normal" interference (outside the operating band) shall not cause the device to degrade in operation or performance.




43.3.1.2
A highpass RF filter shall be installed in line with the radio to provide RF rejection and protection from frequencies below the operating frequency, if required.



43.3.2
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Shock and Vibration





During Transport:  The candidate device's original shipping carton shall protect the device from physical or mechanical damage while being shipped using standard postal carriers for both air and surface modes.  The candidate device shall be compliant with NSTA Project 2A.



43.3.3
Reliability





Mean-time-between-failure (MTBF):  Submission of certified test data reflecting the candidate device's reliability shall be submitted upon request.



43.3.4
Maintainability




43.3.4.1
All pertinent maintenance information shall be included in the supplied documentation.  The candidate device's operating instructions shall include troubleshooting techniques.




43.3.4.2
Mean-time-to-Replace In-field (MTTR):  1 Hour Maximum.



43.3.5
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Product Warranty





The manufacturer shall repair or replace, at no charge,  any defective components for a period of not less than 12 months.  A copy of the warranty statement is to be provided with the device. 



43.3.6
Product Licensing





The candidate device shall comply with FCC Regulation 15.247 as relating to spread spectrum wireless communications using direct sequence.


43.4
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ANTENNA REQUIREMENTS:



Type:



Directional Yagi



Frequency Range:

902-928 MHz



Gain:



15 dBi



Beamwidth (3 dB):

35 degrees E-plane



Polarization:


Horizontal & Vertical mounting



Impedance:


50 Ohms



Connector Type:

N-type, Female on pigtail



Weight:


3 lbs



Wind Load:


125 mph



Dimensions:


55 x 2 x 8 inches



Mast Mounting:

2.125 inches O.D.


43.5
METHOD OF MEASUREMENT




Spread Spectrum Radio (902 - 928 Mhz) Assembly shall be measured as unit each. 


43.6
BASIS OF PAYMENT



Spread  Spectrum Radio (902 - 928 Mhz) Assembly, measured as provided above, will be paid for at the contract unit price each, which price shall be payment in full for furnishing and installing antenna cable and making necessary connections; for testing; and for all labor, tools, equipment, transportation, and incidentals necessary to complete this item of work.

44
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ITEM 44. SPREAD SPECTRUM RADIO (2.4 - 2.483 Ghz) ASSEMBLY


44.1
SCOPE



44.1.1
This specification establishes the performance, design, and test requirements for a direct sequence, spread spectrum, digital microwave radio capable of two-way, clear channel communications at 64 kilobits per second meeting or exceeding the following requirements.


44.2
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DEVICE SPECIFICATIONS



44.2.1
The following subsections describe the mounting, electrical, environmental, and 
configuration characteristics for the candidate device.  



44.2.2
The candidate device shall be capable of being mounted on a EIA 19 inch rack mount inside the controller cabinet.  Shelf mounting is acceptable.



44.2.3
Electrical:




44.2.3.1
Power Consumption







The candidate device's power consumption shall not exceed 25 Watts.




44.2.3.2
Voltage Requirement





44.2.3.2.1
The candidate device shall operate from an alternating current external power supply. 





44.2.3.2.2
The AC external power supply shall supply all necessary voltages to the candidate radio. 





44.2.3.2.3
It shall be capable of operating within an input range of 100 to 250 VAC at 50/60 Hz, 0.3-0.7 A.



44.2.4
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Environmental Conditions:




44.2.4.1
The candidate device shall maintain all of its defined functions and performance levels when the ambient temperature and humidity are within the specified limits of this specification.




44.2.4.2
Operating Ambient Temperature and Humidity





44.2.4.2.1
The operating ambient temperature is the external environmental temperature.








Minimum: 32 degrees F








Maximum: 122 degrees F








Humidity: 0 to 95% non-condensing



44.2.5
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Configuration





The following subsection describes the user configuration interface for the candidate device.




44.2.5.1
Configuration Interface






The candidate radio shall support the capability to select and/or change , the following parameters:






1.
RF Channel;






2.
Transmit output power;






3.
Internal or External Burst Timing;






4.
Transmit Clock Source;






5.
Asynchronous, Synchronous, Test






6.
PN Code;






7.
Data Rate;






8.
RTS Internal or External






9.
Radio Loopback or Normal






10.
Master or Slave.



44.2.6
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Interfaces





The following subsection describes the communication interfaces for the candidate device.




44.2.6.1
EIA/TIA RS-232 Interface






Transmission Line Rate
1.2 - 64 kbps full-duplex 






Byte Length


8-Bit, 10-Bit, 9-Bit, 11-Bit switch selectable






Data Flow


Continuous 1.2 - 64 kbps 






Protocol


Transparent






Control Lines


RTS/CTS 






Operation Mode

RTS Internal Asserted, RTS External Asserted






Connector Type

DB25 Female




44.2.6.2
Radio Interface






Frequency Band

2.400 - 2.4835 GHz at Radio Connector






Occupied Bandwidth

5.1 MHz






Number of Channels

15 Non- overlapping 






Operating Protocol

Time Division Duplexing






Modulation Type

BPSK






Spreading Method

Direct Sequence






Spreading Code

8 sets of 32 bit PN Codes






Processing Gain

12dB






Transmission Distance

Up to 15 miles






System Gain


124 dB (not including antenna gain)






RF Connector


N Type Female




44.2.6.3
Burst Timing Synchronization 






The candidate device shall support synchronized transmission and reception when two or more radio device pairs are to be used in a hub configuration or in a repeater configuration to maximize Co-Channel isolation without the use of microwave diplexers. 





44.2.6.3.1
Burst Timing Synchronization Interface:







BNC Female Connector




44.2.6.4
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Signal Quality Indicator






Interface

2 single-pin jacks




44.2.6.5
Microwave Transmitter






Output Power


650 mW (28dBm) maximum,  switch configurable






Dynamic Range

28 dB






Carrier Frequency Stability 
+/- 10 ppm






Frequency Source

Synthesized






Load Impedance

50 Ohm nominal






RF Port Protection

Short circuit protected




44.2.6.6
Microwave Receiver






Sensitivity


-95 dBm @ BER of 10-6





Input Impedance

50 ohm nominal






Receive Overload Threshold
> -10 dBm  






C/I Tolerance


0 dB






Noise Figure


5.0 dB maximum






RSQ Detector


Range
0 - 10




44.2.6.7
Diagnostic Tools






The candidate radio shall provide the following test modes:






Internal Test Pattern






Radio Loop Back






Digital Loop Back






Signal Quality Test Jacks


44.3
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RELIABILITY, MAINTAINABILITY AND PRODUCT WARRANTY



44.3.1
EMI, RFI Susceptibility




44.3.1.1
Operation of the candidate device shall not be impaired or degraded when subjected to normal radiated or conducted interference.  Cellular phones,  VSAT ground stations, and other sources of "normal" interference (outside the operating band) shall not cause the device to degrade in operation or performance.   




44.3.1.2
A highpass RF filter shall be installed in line with the radio to provide RF rejection and protection from frequencies below the operating frequency, if required.



44.3.2
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Shock and Vibration





During Transport:  The candidate device's original shipping carton shall protect the device from physical or mechanical damage while being shipped using standard postal carriers for both air and surface modes.  The candidate device shall be compliant with NSTA Project 2A.



44.3.3
Reliability





Mean-time-between-failure (MTBF):  Submission of certified test data reflecting the candidate device's reliability shall be submitted upon request.



44.3.4
Maintainability





All pertinent maintenance information shall be included in the supplied documentation.  The candidate device's operating instructions shall include troubleshooting techniques.





Mean-time-to-Replace In-field (MTTR):  1 Hour Maximum.



44.3.5
Product Warranty





The manufacturer shall repair or replace, at no charge,  any defective components for a period of not less than 12 months.  A copy of the warranty statement is to be provided with the device. 



44.3.6
Product Licensing





The candidate device shall comply with FCC Regulation 15.247 as relating to spread spectrum wireless communications using direct sequence.


44.4
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ANTENNA REQUIREMENTS:



Type:


15 Element Yagi



Frequency:

2400-2500 MHz



Gain:


15 dBi



Beamwidth ( 3 dB):
30 degrees E-plane



Weight:

1 lb



Mast Mounting:
2.125 inches O.D.



Radome:

Included


44.5
METHOD OF MEASUREMENT



Spread Spectrum Radio (2.4 - 2.483 Ghz) Assembly will be measured as a unit each. 


44.6
BASIS OF PAYMENT



Spread Spectrum Radio (2.4 - 2.483 Ghz) Assembly, measured as provided above, will be paid for at the contract price each, which price shall be payment in full for furnishing the spread-spectrum radio, antenna, lightning surge protector, and drop cables; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

45
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ITEM 45. SPREAD SPECTRUM RADIO (T-1, 1.544 Mbps) ASSEMBLY


45.1
SCOPE



This specification establishes the performance, design, and test requirements for a C-
Band DS1 ( 1.544 Megabits per second),  direct sequence, spread spectrum, digital microwave radio.


45.2
DEVICE SPECIFICATIONS



The following subsections describe the mounting, electrical, environmental, and configuration characteristics for the candidate device.  The candidate device shall be available in either an outdoor ruggedized configuration or an indoor rack mount configuration for optimum system performance and installation flexibility.



45.2.1
Mounting




45.2.1.1
Ruggedized Outdoor Device Configuration






The outdoor device shall be fully self contained in a NEMA 4 weatherproof housing and capable of being mounted on a 1.25" to 4.0" diameter mast or pole.  Shelf or rack mounting is acceptable for all external power supplies and/or interface equipment.




45.2.1.2
Indoor Rack Mount Device Configuration






The indoor device dimensions shall allow it to fit inside an EIA 19" or 23" electrical 
equipment rack no more than 2 units high. 



45.2.2
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Electrical:




45.2.2.1
Power Consumption






The candidate device's power consumption shall not exceed 25 Watts.




45.2.2.2
Voltage Requirement






The candidate device shall operate from a +/-21 to +/-56 VDC power source.  Any 
optional  AC power conversion equipment needed shall be vendor supplied. 



45.2.3
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Environmental Conditions:




45.2.3.1
The candidate device shall maintain all of its defined functions and performance levels when the ambient temperature and humidity are within the specified limits of this specification.




45.2.3.2
Operating Ambient Temperature and Humidity






The operating ambient temperature is the external environmental temperature.





45.2.3.2.1
Ruggedized Outdoor Device Configuration






Minimum: -22 F (-30 C)







Maximum: +140 F (+60 C)







Humidity: 10% to 90% non-condensing. 





45.2.3.2.2
Indoor Rack Mount Device Configuration






Minimum: +32 F (0 C)







Maximum: +122 F (50 C)







Humidity: 10% to 90% non-condensing.



45.2.4
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Configuration





The following subsection describes the user configuration interface for the candidate device.




45.2.4.1
ASCII Terminal Interface





45.2.4.1.1
The candidate device shall support an ASCII terminal user interface conforming to EIA/TIA RS-232 interface specifications allowing a terminal device or personal computer to configure, control and monitor the radio at either end of the link.  The interface shall also support a direct connection  (device to port),  or an indirect connection (modem to port) for dial-up operation.  At a minimum the following configuration settings shall be supported:




•
Output Power

•
Transmit Power Level




•
Line Coding

•
Receive Power Level




•
Line Equalization
•
Error Seconds Threshold




•
PN Code

•
Test



45.2.5
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Interfaces





The following subsection describes the communication interfaces for the candidate device.




45.2.5.1
T1 DSX-1 Interface




Transmission Line Rate
1 x 1.544 Mbps, ANSI T1.102-1987 Compliant




Line Coding


AMI or B8ZS 




Jitter



Bellcore TR-TSY-000499 Compliant or AT&T Publication 62411




DSX Line Equalization
User-selectable from: 0 - 655 feet




Connector Type:





Ruggedized Outdoor Device Configuration
41 Pin Weatherproof





Indoor Rack Mount Device Configuration
6 Position Terminal Block




45.2.5.2
Radio Interface






Frequency Band

5.725 to 5.850 GHz






Occupied Bandwidth

95 MHz






Number of Channels

1 for TX and RX






Operating Protocol

Time Division Multiplex






Modulation Type

MSK






Spreading Method

Direct Sequence






Spreading Code

8 sets of 32 bit PN Codes






Processing Gain

>10dB






Transmission Distance

Up to 24 miles






RF Connector


N Type Female




45.2.5.3
Burst Timing Synchronization 






The candidate device shall support synchronized transmission and reception when two or more radio device pairs are to be used in a hub configuration or in a repeater configuration to maximize Co-Channel isolation without the use of microwave diplexers.





45.2.5.3.1
Burst Timing Synchronization Interface:







6 Position Terminal Block




45.2.5.4
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Order Wire






The candidate device shall provide an auxiliary end-to-end voice communication channel that is carried over the radio channel on a separate channel outside of the T1 channel and does not affect the user's data.





45.2.5.4.1
Order Wire Interface





Terminating Impedance

600 Ohms +/- 5%






Coding Method


64 kbps PCM






Battery Feed Voltage


24 VDC






Interface



RJ-11, 2 wire 




45.2.5.5
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Terminal Ports






Signaling



EIA/TIA RS-232






Number of Ports


2






Interface



RJ-11 Modular Jack




45.2.5.6
Network Management Port






Signaling


EIA/TIA RS-232






Interface


9-Pin Male Subminiature




45.2.5.7
Microwave Transmitter






Output Power


100 mW (20dBm) maximum,  software configurable






Software Level Control
-4 to 20 dBm in 1 dB steps, digitally controlled attenuator






Output Level Detector

Generates an alarm when the output falls below a user defined setting of 6 dB +/- 2 dB 






Load Impedance

50 Ohm nominal






RF Port Protection

Short circuit protected




45.2.5.8
Microwave Receiver






Sensitivity


-80 dBm @ BER of 10-6





Input Impedance

50 ohm nominal






RF Input Protection

+10 dBm continuous 






RF Output Protection

short circuit






Maximum Operating Level
-25 dBm






Receiver Dynamic Range
> 40 dB






Noise Figure


5.5 dB maximum, measured from the antenna port






RSQ Detector


Range
0 - 10


45.3

seq level2 \h \r0 

seq level3 \h \r0 
OPERATIONS, ADMINISTRATION, & MANAGEMENT



45.3.1
Alarm Notification




The following subsection describes the alarm notification characteristics for the candidate device.




45.3.1.1
Alarm Indicators





45.3.1.1.1
 Ruggedized Outdoor Device Configuration






Receive Signal Strength









Transmit Power











Test Active







Power







Radio Synchronization







Synthesizer Lock







Loss of Signal





45.3.1.1.2
Indoor Rack Mount Device Configuration 






Power







Major Alarm







Minor Alarm







Synchronization Source







T1 Signal Loss



45.3.2
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Alarm Outputs




Transmit Power Below Threshold




Synthesizer Loss of Lock




Transmitter Failure




Receive Power Below Threshold




T1 Signal Input Loss




Radio Signal Sync Loss



45.3.3
Alarm Notification Reporting




45.3.3.1
The candidate device shall signal through LED's and store the above listed fault and alarm messages with a date/time/event in internal memory which may be accessed locally via the RS232 terminal ports from either end of the link or by remotely dialing in to the RS232 network management port or both at the same time.  




45.3.3.2
The candidate device shall also provide provisions for automatic alarm dial out notification.  The candidate device will automatically dial out up to two pre-defined phone numbers an alarm notification when there is a condition at or below the user defined minimum alarm threshold.



45.3.4
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Alarm Event Queue





In addition to signalling alarms through LEDs, the candidate device must also maintain an alarm event queue accessible to the user through a terminal or modem connected to the RS232 network management port.  The event queue must maintain a chronological list of up to 256 events.



45.3.5
Alarm Relay Contacts





The candidate device shall provide a SPDT relay contact closure.



45.3.6
Diagnostic Tools





The following subsection describes the diagnostic tools required for troubleshooting the candidate device.



45.3.7
Quasi-Random Sequence Generator Testing (QRSS)





The candidate device must support an internal QRSS test pattern initiated through the terminal user interface from either end of the link.  The QRSS signal must meet ANSI Standard T1.403-1989.  


45.4
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LOOP-BACK TESTS



45.4.1
The candidate device must provide the following loop-back tests initiated through the terminal interface from either end of the link:





•
Local Loopback Test





•
Remote Loopback Test



45.4.2
The loop back tests must be able to pass any industry standard test patterns available on T1 test equipment without the use of any external manually inserted loopback/test modules.  


45.5
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PERFORMANCE MONITORING INFORMATION



The following subsection describes the integrated network management  performance monitoring capability requirements for the candidate device. 


45.6
ADMINISTRATIVE CHANNEL



The candidate device must constantly monitor the quality of the wireless link by supporting an out of band administrative channel in overhead bits without disturbing the T1 payload.


45.7
PERFORMANCE INFORMATION



The candidate device must maintain an internal database of status and performance information that is stored in a 24 HR event queue and available to the user through the RS232 terminal port.  The performance information categories include the following required items:



•
Errored Second Counts ( 1-hour and 24- hour)



•
Unavailable Second Counts ( 1-hour and 24-hour)



•
Receive Signal Quality



•
QRSS Bit Error Rate


45.8
CYCLIC REDUNDANCY CHECK ERROR-CHECKING SYSTEM



The candidate device must use a 16-bit CRC sequence appended to the end of the T1 payload for deriving link error performance information.  Whether errored or not, the CRC-16 sequence is removed and the payload is passed through to the DSX-1 interface.


45.9
RELIABILITY, MAINTAINABILITY AND PRODUCT WARRANTY



45.9.1
EMI, RFI Susceptibility





Operation of the candidate device shall not be impaired or degraded when subjected to normal radiated or conducted interference.  Cellular phones,  VSAT ground stations, and other sources of "normal" interference (outside the operating band) shall not cause the device to degrade in operation or performance.



45.9.2
Shock and Vibration





During Transport:  The candidate device's original shipping carton shall protect the device from physical or mechanical damage while being shipped using standard postal carriers for both air and surface modes.  The candidate device shall be compliant with NSTA Project 2A.



45.9.3
Reliability





Mean-time-between-failure (MTBF):  Submission of certified test data reflecting the candidate device's reliability shall be submitted upon request.



45.9.4
Maintainability





All pertinent maintenance information shall be included in the supplied documentation.  The candidate device's operating instructions shall include troubleshooting techniques.





Mean-time-to-Replace In-field (MTTR):  1 Hour Maximum.



45.9.5
Product Warranty




The manufacturer shall repair or replace, at no charge,  any defective components for a period of not less than 12 months.  A copy of the warranty statement is to be provided with the device.


45.10
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PRODUCT LICENSING




The candidate device shall comply with FCC Regulation 15.247 as relating to spread spectrum wireless communications using direct sequence.


45.11
ANTENNA PHYSICAL CHARACTERISTICS



45.11.1
Antenna Type





The candidate antenna type shall be that of a solid parabolic dish with optional radome.



45.11.2
Antenna Size





The candidate antenna shall be available in 2.0 and 4.0 feet diameter.



45.11.3
Antenna Weight and Mounting Hardware





2.0 ' Antenna


33 lbs.





2.0' Antenna & Radome
40 lbs.





4.0' Antenna


110 lbs.





4.0' Antenna & Radome
127 lbs.



45.11.4
Antenna Performance





Gain (midband, dBi)

2.0' Antenna
29.0









4.0' Antenna
33.0





Front to Back Ratio (dBi)
2.0' Antenna
39.0









4.0' Antenna
41.0





VSWR



1.3





Polarization


Linear, Horizontal or Vertical





Cross Polarization Loss
30 dB minimum





Termination


N-type Female





Impedance


50 Ohms





Mast Mounting

4.5 inch O.D. pipe



45.11.5
Antenna Wind Loading (lbs.  @ 125 mph axial)




Antenna without radome (lbs.)
2.0' Antenna
196










4.0' Antenna
786




Antenna with radome (lbs.)
2.0' Antenna
112










4.0' Antenna
442



45.11.6
Radome Specifications





Loss



0.4 dB





Material


Fiberglass





Finish



Smooth Gelcoat





Color



Dark Gray


45.12
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METHOD OF MEASUREMENT



Spread Spectrum Radio (T-1, 1.544 Mbps) Assembly will be measured as a unit each.


45.13
BASIS OF PAYMENT



Spread-Spectrum Radio (T-1, 1.544 Mbps) Assembly, measured as provided above, will be paid for at the contract price each, which price shall be payment in full for furnishing the spread-spectrum radio, antenna, lightning surge protector, and drop cables; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

46
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ITEM 46. TRAINING


46.1
DESCRIPTION



Work under this item shall consist of providing qualified instructors and all materials for training Department personnel and other designated personnel in the operation and maintenance of the various spread spectrum equipment and  components furnished under this contract.


46.2
MATERIALS



The contractor shall develop and submit training course outlines and samples of all training aids and manuals to the engineer for approval at least forty-five (45) days prior to the proposed scheduled start of the training sessions.  Written approval of this material shall be required prior to the final scheduling of the training sessions or the final production of training materials.  Training shall not begin until after approval of the submitted training material, and a minimum of 10 working days after acceptance of the operation and maintenance manuals specified under the Item Documentation.


46.3
As part of this item, the Contractor shall provide three sets of all test equipment needed to perform the tests called for in this specification.  The Contractor shall also provide 3 sets of any and all test equipment needed to perform routine maintenance on the equipment furnished under this category of the specification. The training sessions described under this item shall include training on the use of the test equipment furnished by the Contractor.


46.4
CONSTRUCTION METHODS



All training sessions shall be conducted at locations within Salt Lake County as designated by the Department.  Training sessions shall not overlap unless otherwise permitted by the DEPARTMENT.



46.4.1
Training shall consist of formal classroom lectures as well as “hands-on” training.  "Hands-on" training shall consist of working with the actual equipment.



46.4.2
Three (3) training sessions shall be provided for each equipment category and subsystem as follows:





•
Spread-spectrum radio assemblies
2 days






(Including Test Equipment)



46.4.3
A "day" of training shall consist of 6 hours.  The two sessions for each equipment category/subsystem shall be identical in content.  The training sessions shall not overlap unless otherwise permitted by the engineer.  The attendance of each session shall not be more than 30 people.  Each session shall provide a basic understanding of the equipment and subsystems and their operation and maintenance.  These training sessions shall include as appropriate, and as a minimum:





•
Background on concepts of equipment/subsystem, and theory of operation.





•
Functional description of subsystem equipment components.





•
Procedures for installing and setting up equipment and components.





•
Basic troubleshooting and fault determination procedures.





•
Preventive maintenance procedures and schedules.



46.4.4
The contractor shall video tape all training sessions, and provide the tapes to the Department for training new personnel in the future.


46.5
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METHOD OF MEASUREMENT



Training will be measured as a Lump Sum which shall cover all preparation of course materials and as well as the time and human resources to provide and run the course at a location to be determined by the ENGINEER.


46.6
BASIS OF PAYMENT



Training, measured as provided above, will be paid for at the contract unit price Lump Sum, which price shall be full compensation for furnishing instructors and training materials; for providing the training sessions; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

47
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ITEM 47. ENGINEERING FIELD SERVICES


47.1
DESCRIPTION



The supplier shall provide on-site services when requested by UDOT.



47.1.1
Field services shall be provided by experienced personnel familiar with use of the equipment and software.  Experienced personnel shall include, but not be limited to, instructors, engineers, and field technicians.



47.1.2
Payment for on-site services will be on an 8-hour "person-day" basis with a minimum order of two (2) full days.



47.1.3
Time required to travel from out of state to Utah shall not be eligible for payment. Travel time within Utah between UDOT sites is included in the "person-day".



47.1.4
All direct costs of travel, accommodations, and meals shall be included in the unit bid price per day for on-site services. No separate payments will be made for these travel costs.



47.1.5
On-site services may be required anywhere in the state of Utah. Field services will be scheduled at least two weeks in advance.



47.1.6
No payment will be made for on-site services which are required to trouble-shoot or resolve problems caused by malfunctions or failures of equipment supplied by the vendor or for work done under warranty.


47.2
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METHOD OF MEASUREMENT



Engineering Field Services will be measured as days as defined herein.


47.3
BASIS OF PAYMENT



Engineering Field Services, measured as provided above, will be paid for at the contract unit price per day, which price shall be full compensation for furnishing field personnel to provide engineering services; and for all labor, equipment, transportation, and incidentals necessary to complete this item of work.

48
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ITEM 48. ALLOWANCE FOR MISCELLANEOUS ITEMS


48.1
DESCRIPTION



Under this item, UDOT will purchase miscellaneous ATMS equipment on an as-needed basis in small quantities. This will include spare and replacement parts.  Equipment purchased may include, but not be limited to the following:



•
Antenna



•
Radios



•
Maintenance equipment



•
Miscellaneous (mounting hardware, cabling, brackets, etc.)



48.1.1
A price list or catalog for miscellaneous traffic control parts,  shall be included in the proposal. Any discount offered shall be indicated. 


48.2
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METHOD OF MEASUREMENT



This Item is measured as a Lump Sum.  The value for this item is fixed as stated in the bid sheets and must be included by all bidders in calculating the total for  their proposal.


48.3
BASIS OF PAYMENT



Payment for equipment ordered under this item shall be made according to the price list, less any discount offered.

8.
BID SHEETS
8.1
Proposal Declaration Sheet



This sheet is the Proposal Declaration Sheet.  Listed in the table below are all the equipment categories described in the appendices of these special provisions.  Fill in the table by marking an "X" under the "PROPOSAL SUBMITTED FOR" column to identify the ATMS equipment category, or categories, for which the proposal is being submitted.  The Proposal Declaration Sheet must be completed and turned in by all bidders as part of the proposal package



Bidders are reminded that all Items under a category are required to have a bid price for each item in that category in order for the proposal to be accepted. The only exception to the requirement to bid all items in a category is for Category 5 - Variable Message Signs.  In this category only Bidders may bid selectively on individual equipment items without the requirement to bid all equipment items in that category. This exception applies only to the VMS equipment items of category 5. All Bidders for category 5 must still bid the items for Training, Engineering Field Services, and Allowance for Miscellaneous Items under that category.


All bidders must include the fixed price for Allowance of Miscellaneous Items under any category for which a proposal is submitted. The fixed price for Allowance of Miscellaneous Items and its inclusion in calculating bids is required by the State as set forth under Section II, paragraph Q, above.  The value set in each category is the same for all bidders of the category and therefore constitutes no contribution to differences in proposals.

PROPOSAL DECLARATION SHEET
	PRIVATE 
 ATMS EQUIPMENT CATEGORIES 
	PROPOSAL SUBMITTED FOR:

	
	

	1. Vehicle Detection
	

	
	

	2.  Traffic Signal Equipment
	

	
	

	3.  ATMS Controllers and Cabinets
	

	
	

	4.  2070 Controllers
	

	
	

	5.  Variable Message Signs
	

	
	

	6.  Closed Circuit TV
	

	
	

	7.  Other ATMS Equipment
	


8.2
Bid Sheets for ATMS Equipment Categories

Category 1.  Vehicle Detection
	PRIVATE 
ITEM
	DESCRIPTION
	QUANTITY
	UNIT
	BID PRICE
	TOTAL

	
	
	
	
	
	

	1
	Video Detection Assembly
	110
	EACH
	
	

	
	
	
	
	
	

	2
	Video Detection Controller
	55
	EACH
	
	

	
	
	
	
	
	

	3
	2 Channel Detector Unit
	2000
	EACH
	
	

	
	
	
	
	
	

	4
	4 Channel Detector Unit
	1500
	EACH
	
	

	
	
	
	
	
	

	5
	Other Detection
	100
	EACH
	
	

	
	
	
	
	
	

	6
	Training 
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	7
	Engineering  Field Services
	30
	DAY
	
	

	
	
	
	
	
	

	8
	Allowance for Miscellaneous Items
	1
	LUMP SUM
	
	
$ 272,000

	
	
	
	
	
	

	TOTAL BID FOR CATEGORY
	



PERCENT DISCOUNT OFFERED FROM RETAIL LIST PRICE  ____________________

Category 2.  Traffic Signal Equipment

	PRIVATE 
ITEM
	DESCRIPTION
	QUANTITY
	UNIT
	BID PRICE
	TOTAL

	
	
	
	
	
	

	9
	Master Controller
	10
	EACH
	
	

	
	
	
	
	
	

	10
	System Software
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	11
	NEMA TS2 Controller - Type A1,
	475
	EACH
	
	

	
	
	
	
	
	

	12
	NEMA TS2 Controller - Type A2,
	350
	EACH
	
	

	
	
	
	
	
	

	13
	NEMA TS2 Type 1 Cabinet

Size 5 - Configuration 3
	200
	EACH
	
	

	
	
	
	
	
	

	14
	NEMA TS2 Type 1 Cabinet

Size 6 - Configuration 4
	150
	EACH
	
	

	
	
	
	
	
	

	15
	NEMA TS2 Type 2 Cabinet

Size 5 - Configuration 3
	75
	EACH
	
	

	
	
	
	
	
	

	16
	NEMA TS2 Type 2 Cabinet

Size 6 - Configuration 4
	50
	EACH
	
	

	
	
	
	
	
	

	17
	Training 
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	18
	Engineering Field Services
	30
	DAY
	
	

	
	
	
	
	
	

	19
	Allowance for Miscellaneous Items
	1
	LUMP SUM
	
	
$ 295,000

	
	
	
	
	
	

	TOTAL BID FOR CATEGORY
	



PERCENT DISCOUNT OFFERED FROM RETAIL LIST PRICE  ____________________


Category 3.  ATMS Controllers & Cabinets


(Revised 8/20/96)

	PRIVATE 
ITEM
	DESCRIPTION
	QUANTITY
	UNIT
	BID PRICE
	TOTAL

	
	
	
	
	
	

	20
	170E Controller
	100
	EACH
	
	

	
	
	
	
	
	

	21
	334 Cabinet
	300
	EACH
	
	

	
	
	
	
	
	

	22
	Equipment Cabinet
	100
	EACH
	
	

	
	
	
	
	
	

	23
	Training
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	24
	Engineering Field Services
	30
	DAY
	
	

	
	
	
	
	
	

	25
	Allowance for Miscellaneous Items
	1
	LUMP SUM
	
	
$ 127,000

	
	
	
	
	
	

	TOTAL BID FOR CATEGORY
	



PERCENT DISCOUNT OFFERED FROM RETAIL LIST PRICE  ____________________

Category 4.  2070 Controller

	PRIVATE 
ITEM
	DESCRIPTION
	QUANTITY
	UNIT
	BID PRICE
	TOTAL

	
	
	
	
	
	

	26
	2070 Controller
	200
	EACH
	
	

	
	
	
	
	
	

	27
	Training
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	28
	Engineering Field Services
	30
	DAY
	
	

	
	
	
	
	
	

	29
	Allowance for Miscellaneous Items
	1
	LUMP SUM
	
	
$ 70,000

	
	
	
	
	
	

	TOTAL BID FOR CATEGORY
	



PERCENT DISCOUNT OFFERED FROM RETAIL LIST PRICE  ____________________

Category 5.  Variable Message Signs


(Revised 8/20/96)

	PRIVATE 
ITEM
	DESCRIPTION
	QUANTITY
	UNIT
	BID PRICE
	TOTAL

	
	
	
	
	
	

	30
	Fiber Optic VMS Assembly,

Type 1 - Freeway
	40
	EACH
	
	

	
	
	
	
	
	

	31
	Fiber Optic VMS Assembly,

Type 2 - Surface Street
	25
	EACH
	
	

	
	
	
	
	
	

	32
	Drum Type Variable Message Sign
	10
	EACH
	
	

	
	
	
	
	
	

	33
	Ramp Metering Warning Sign
	10
	EACH
	
	

	
	
	
	
	
	

	34
	Ramp Metering Warning Sign Software
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	35
	Training 
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	36
	Engineering Field Services
	30
	DAY
	
	

	
	
	
	
	
	

	37
	Allowance for Miscellaneous Items
	1
	LUMP SUM
	
	
$ 815,000

	
	
	
	
	
	

	TOTAL BID FOR CATEGORY
	



PERCENT DISCOUNT OFFERED FROM RETAIL LIST PRICE  ____________________

Category 6.  Closed Circuit TV

	PRIVATE 
ITEM
	DESCRIPTION
	QUANTITY
	UNIT
	BID PRICE
	TOTAL

	
	
	
	
	
	

	38
	CCTV Camera Assembly
	270
	EACH
	
	

	
	
	
	
	
	

	39
	CCTV Camera Controller Assembly
	270
	EACH
	
	

	
	
	
	
	
	

	40
	Training
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	41
	Engineering Field Services
	30
	DAY
	
	

	
	
	
	
	
	

	42
	Allowance for Miscellaneous Items
	1
	LUMP SUM
	
	
$ 265,500

	
	
	
	
	
	

	TOTAL BID FOR CATEGORY
	



PERCENT DISCOUNT OFFERED FROM RETAIL LIST PRICE  ____________________

Category 7.  Other ATMS Equipment
	PRIVATE 
ITEM
	DESCRIPTION
	QUANTITY
	UNIT
	BID PRICE
	TOTAL

	
	
	
	
	
	

	43
	Spread-Spectrum Radio:

902 - 928 MHz
	30
	EACH
	
	

	
	
	
	
	
	

	44
	Spread-Spectrum Radio:

2.4 - 2.483 GHz
	50
	EACH
	
	

	
	
	
	
	
	

	45
	Spread-Spectrum Radio:

T1, 1.544 Mbps
	10
	EACH
	
	

	
	
	
	
	
	

	46
	Training 
	1
	LUMP SUM
	
	

	
	
	
	
	
	

	47
	Engineering Field Services
	30
	DAY
	
	

	
	
	
	
	
	

	48
	Allowance for Miscellaneous Items
	1
	LUMP SUM
	
	
$ 39,500

	
	
	
	
	
	

	TOTAL BID FOR CATEGORY
	



PERCENT DISCOUNT OFFERED FROM RETAIL LIST PRICE  ____________________

Appendix B

City of Bellevue, WA Technical Specifications and Contract for 
Central Signal Control System Upgrade


Summary Points – Operational Needs Identification





You must have an intimate understanding of how your own transportation network operates, 24 hours per day, 7 days a week. As one of those interviewed for this project noted: “If you just don’t know what timing plan/coordination plan is needed – you are probably right!” 


Use public input.


If you don’t have the staff time, use consultants to help identify what is needed.


Use all the resources you can get a hold of. Go to ITE, ITSA, talk to peers, visit peer agencies, ask consultants, university staff – any resource you can access.











Functional and Equipment Needs Contrasted With Functional Requirements or Specifications


At this point, it is important to clarify that we are outlining processes that help identify top-level needs, as opposed to detailed functional requirements and/or specifications. Developing detailed functional requirements and/or specifications is addressed under Section IV –Communicating Needs In The Procurement.








Summary Points – Functional and Equipment Needs Identification





Bring together all the “right people” and have a working meeting. Include operations, engineering, telecommunications, and field technicians in the meeting. Use outside contractors to fill gaps in the required resources.


Bring the “right people” together Meeting more than once a year is preferred. 


Once again, use all the resources you can get a hold of. Go to ITE, ITSA, talk to peers, visit peer agencies, ask consultants, and  university staff – any resource you can access.


Review the latest in vendor products, keep on top of new developments.


 before the meeting. 





Why Must I Define My Operational and Functional Needs?


The above two tasksitems above may seem trivial for items such as traffic signal controllers.  After all, the operational and functional needs addressed by controllers are obvious. However, consider the introduction of the first NTCIP-compliant traffic signal controller at your agency. In addition to the operational and functional needs already addressed by your existing equipment, you must identify the operational and functional needs being addresses by implementing NTCIP. Simply stating you want NTCIP compliance, or saying that it isit’s  required by the FedsFHWA is inadequate to address procurement needs. 


Operationally, you need to ask yourself:do you want the capability to communicate with more diverse types of controllers, perhaps at intersections owned by another agency?  Functionally, the NTCIP protocols address only a “base” level of functionality, and controllers will be interchangeable at this base level of functionality. Vendors are free to add functionality, but are also free to do so in a proprietary protocol. NTCIP specifically allows this by settings aside room in the protocol for “optional” functions. NTCIP-compliant controllers will be interchangeable at the base level of functionality. 


The functionality your agency has defined for controllers may exceed the base. You mustneed to  determine if any of the optional functionality provided by vendors is required to achieve the operations your agency needs. You must, then, specify the needed optional functionality in your NTCIP-compliant specification in your procurement. 








Build Versus Buy


At this point, if you have been considering developing a new system, or procuring an integrated central software system, you should take a look at the ranked requirements. Can you get all or most of yourthe  “must haves” from off-the-shelf systems? If so, you should strongly consider going off-the-shelf. Do you really need to operate all your devices in an integrated environment, or could you operate each device using its it’s own software and a Windows-based operating system?  








Requirements Must Be Clear


The City of Chicago noted that their most successful procurements have been for closed loop signal systems. They attribute their success to clearly stated requirements.





”The key is to have a good relationship with the vendor /contractor where you are able to call them at any time and get answers. You need to be able to establish trust.”





Procuring Traffic Signal Control Systems Using a Task Order Contract at the City of Portland, OR


In their current system replacement project, which will integrate multiple jurisdiction’s’ signals, the City has followed the following process:


First, they developed a regional Advisory Committee comprised of all traffic signal operating agencies in the Portland area.


The first task was to develop a list of functional requirements.


A series of vendor/product demonstrations followed.


The functional requirements are being reviewed, based on what was learned from the demonstrations.


An RFP for a systems manager contract, which will allow the City and contractor to work together to modify/enhance the requirements, will be issued.





What is a “successful procurement”?


For the purposes of this report, a successful procurement is defined as one where the delivered product functionally and operationally meets  anthe agency’iess needs. This  reportproject does not directly focus on schedule or cost, except as they relate to the ability to procure systems that meet an agency’s needs. 








Define Your Operational Needs





Define Your Functional Needs





Define Your Technical Requirements/�Specifications





Consider a Best Value Procurement





Translate These Needs To A Set Of System Requirements





Define Your Technical Requirements/�Specifications





Define Your Functional Needs





Define Your Operational Needs





Rank The Requirements





Clearly List The Requirements In The RFP/IFB





Additional Considerations In  The Selection Process





Contract Negotiations





Consider A Task Order Contract





Define Your Acceptance Tests





Don’t Negotiate Away Your Contingency Budget. 


Be sure to have set aside budget to address contingencies. When was the last time a project went exactly as planned? We always encounter unknowns. Be prepared to address them with your budget.  








To access an electronic version of this publication, visit our FHWA Web site:


� HYPERLINK "http://www.fhwa.dot.gov" ��http://www.fhwa.dot.gov�





Publication No. FHWA-OP-02-032
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