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J. LELER

1. INTRODUCTION

This document represents the Final Report for the Orange County Intelligent Vehicle-
Highway Systems (IVHS Study, prepared for the Orange County Transportation Authority
(OCTA). The purpose of this report is to document the findingsof thel VHS Study and present
the proposed system programs and elements. The study will also evaluate the proposed programs
and elements in order to assess benefits to the Orange County transportation sysem.

The JHK & Associates Project Team conducted this study under the supervision of an
IVHS Interagency Advisory Committee (IAC), as well as the OCTA’s Technical Advisory
Committee (TAC) and Signal Roundtable. The IAC consisted of representatives from four cities
(Anaheim, Irvine, Santa Ana and Garden Grove), OCTA, Caltrans, FHWA and the University
of Cdifornialrvine. The TAC and Signal Roundtable represent, respectively, policy and
technical representatives from al local and regional transportation agencies and governments
within the County.

11  OVERVIEW OF THE STUDY

Intelligent Vehicle-Highway Systems (IVHS) are defined as “the application of advanced
technology to improve the operation of our highway and public transportation systems’ (per
IVHS America sStrategic Plan for Intelligent Vehicle-Highway System in the United States, May
1992). The goal of this study was to provide a 20-year Master Plan for implementation of IVHS
throughout Orange County, which would provide an opportunity for coordination between local
and regional agencies in implementing and operating 1VHS elements. Specific objectives as
defined by OCTA were to “identify and recommend IVHS, signal coordination, signa pre-
emption, arterial/freeway traffic surveillance and control, and traveler information systems
activities for Orange County”; and also to “develop a network of streets and roads appropriate
for implementation of those activities’. The Study then investigated the ingtitutional and
technical requirements of implementing the system, and assessed programs, costs and available
funding.

To cary out the Study, the Project Team first investigated the full spectrum of IVHS
technologies and the current and future “state-of-the-art” technologies, along with current
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programsin the County which are applicable to IVHS. Current programs such as the Caltrans
Traffic Operation System Master Plan and various traffic management system programsin Cities
such as Anaheim, Irvine and Santa Am will provide key elements of the infrastructure which the
County-wide IVHS network can build on and enhance, as well as expand throughout the County
where required.

As a preliminary assessment of system needs and the required scope of improvement,
traffic conditions were reviewed on a County-wide basis, then modified to represent varioustypes
of roadwaysin the IVHS network. The nature of this network isthat it isinclusive of al
freeways, major and minor arterias, and local collector streets, as well as related public
transportation facilities. As Caltrans and OCTA have previoudy focussed extensively on a
Countywidefreeway operations capability (most recently through the Caltrans Traffic Operations
System [TOS] Master Plan), much of the focus in this study is on the surface street and transit
elements.

I nterviews were conducted with al pertinent local, regional and neighboring agencies as
well as a number of private trip-generators. This was done to ascertain the institutional issues.
Additional input in this regard came from the IAC, TAC and Signa Roundtable members. This
was instrumental in formalizing the proposed IVHS architecture and Master Plan.

12 REVIEW OF IVHS AREAS OF APPLICATION

Below is asummary of the five areas of IVHSimplementationthat were addressed in this

study:

Advanced Traffic Management Systems (ATMS)
Advanced Traveler Information Systems (ATIS)
Advanced Vehicle Control Systems (AVCS)
Commercia Vehicle Operations (CVO)
Advanced Public Transportation Systems (APTS)

1.2.1 - Advanced Traffic Management Systems (ATMS)

ATMSfunctionally builds upon the work which has been done in the following aresas:

1. Introduction
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Surface Street Traffic Signal Control
Freeway Traffic Management

The purpose of ATMS is to improve mobility through the real-time management of traffic
in response torecurrent and non-recurrent congestion and in conjunction with incident and event
management strategies ATMS functions on two operational levels, local (one agency) and
corridor (multiple agency). Local-level improvements may focus on a specific areain a city
where congestion is concentrated, or may be city-wide in nature. However, as commuter traffic
in the County generally crosses jurisdictions and utilizes both surface street and freeway
components, corridor traffic management plays an increasingly important role. Importantly,
corridor traffic management considers the freeway and major surface streets as equally important
components in the corridor, and as a result, the development of traffic management strategies and
responses must involve all jurisdictions within that corridor. The development of “ Smart
Corridor” techniques as recommended in a Statewide Study performed by Caltrans in 1990,
identifi es roadway sand ATM S components within specific corridors, six of which have been
identified in Orange County.

The characterigtics of ATMS are as follows:

Use of real-time traffic flow information to define operational strategies and to
detect or confirm incidents.

Development of open interface between different agencies, alowing the sharing
of traffic data for joint analysis and development of strategies, typically using

decision support mechanisms such as expert systems.

Providing upgraded traffic responsive control including signal timings, ramp meter
rates, and routing strategies using changeable message signs, to enhance traffic
flow in the corridor.

Elements typically associated with ATMS are as follows:

Traffic Management Centers (TMC) for surface street operations

Traffic Operations Centers (TOC) for freeway operations
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Survellance and detection equipment to provide red-time traffic flow dataand
incident detection

Changesble Message Signs (CMS) for enroute advisory and routing information

Red-time respongve traffic signa control system, including priority control as
necessary for emergency vehicles or for optimized trangt vehicle movements

Incident management drategies utilizing coordinaied red-time information and
digpatching strategies

ATMSis implemented amost entirdly within the public sector or within quasi-public
activities (i.e, privatey-financed construction of toll roads). Thus, much of what is
recommended withi nthis IVHS Study will involve these types of elements.

1.2.2 - Advanced Traveler I nformation Systems (ATIS)

ATISbuilds upon the current methods of traffic information gathering and dissemination,
S0 asto provide timely, accurate information on demand, both in terms of specific routes and in
terms of different transportation modes. The nature of ATIS is that both pre-trip and en-route
information are critical to the traveler. With ATI Selements in place, the traveler can select or
be advised of an aternate route which is the least congested, or alternatively select a mode
whichreduces a travel er's dependence on single-occupancy vehicles (SOVs). Thepotentia result
of providing the above information is reduction of roadway travel delay and also, through
providing information on mode alternatives, a reduction in vehicle-trips. As with ATMS
elements,ATIS elements would comprise a major near-term component of the IVHS network.

Physical implementation of ATI Scan be separated into public sector elements and private
sector elements.  The public sector would provide the capability of roadway-based information
gathering through ATMS, then coordinating the data into a central clearinghouse (e.g., atraveler
information database) ,where it can then be disseminated in textual or graphical formto avariety
of agency, media and public users. The public sector would aso provide the capability of
trangmitting this information to vehicles traveling along its facilities. Public sector € ements may

include;
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- Dial-Up Services (e.g., Highway Advisory Telephone)

- Media Interface (Two-way)

- Bulletin Boardson PC’s (interactive)

- Interactive teamindsin public locations

- Graphical dissemination through local cable TV franchises

Inturn, the private sector can provide different means of disseminating data. These can

be separated into service-based and technology-based elements. These include:

Service-Based

- Private information services (dia-up)

. Dedicated traveler information services (e.g., hand-held units, radio data services,
slent radio)

- Trip-planning service (interactive)

Vehicle-Based

- In-Vehicle Navigation and Route Guidance Systems

. Digital traffic information receivers (i.e, radio data systems)
- In-vehicle mapping and signing displays

- In-vehicle advisory systems for weather, roadway hazards

A key role of public sector ATIS elements is to provide the information and standard
interface capabilities which can support private sector ATIS initiatives.

1.2.3 - Advanced Vehicle Control Systems (AVCS)

AVCS isintended to enhance mobility through first, improvingtraveler safety by averting
incidents, and secondly, improving capacity and traffic flow. Currently, infrastructure-based
AVCS elements (i.e., located in highways) are undergoing research. These elements, from a
public-sector standpoint, include providing dedicated lanes for automatic vehicle platooning, as
well as providing a continuous vehicle-roadway-central communications and tracking capability.
Although AVCS is considered a longer term component of IVHS, the information gathering,
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exchange and dissemination capabilities in conjunction with vehicle-based elements are an
outgrowth and extension of the capabilities required for ATMS and ATIS elements.

Much of the AVCS functionality, however, stems from autonomous (vehicle-based)
improvements developed and marketed by the automobile, electronics and communications
industries. These include the following:

- Anti-lock braking systems (now standard on many new vehicles)

- Automated braking and steering systems (for collision avoidance)

- Automated cruise control strategies, including vehicle speeds set based on locale
and conditions, as well as adaptive strategies designed to maintain headways
behind vehicles ahead)

- Automated vehicle guidance systems
AVCSin many ways is the ultimate technological development of IVHS in which real-
time information is shared between the vehicle and the roadway in a way which benefits both

safety and mobility.

1.2.4 - Commercial Vehicle Operations (CVO)

CVO technologies provide for the expediting of commercia vehicle movements so as to
reduce delays and enhance the movement of people and goods. These elements include the
automation of a number of administrative and operational activities involving commercial
vehicles, including trucks, intercity buses, and other commercial fleets. Providing travel
information to support this improved movement of people and goods is also an important
element. The issues typicaly involved in this area include interstate travel and regulation, and
thus may be beyond the purview of the agencies in Orange County. However, CVO technologies
can be utilized in conjunction with other IVHS components in order to provide improved
information and to allow tracking of vehicle locations and data. Technologies included in CVO
include:

1. Introduction 1-6



| ]
I h k & associates
-

Automatic Vehicle Identification (AVI)

Electronic Wegh-in-Mation (WIM) stations

Two-way central-vehicle communications

Automatic Vehicle Location (AVL) tracking

Automated classification and permits processing through AVI and AVL
technologies

In-vehicle navigation and information for commercia vehicle operations

The nature of CVO to date is that such improvements have been recommended as a

cooperative effort of the trucking industry and state agencies. Programs such as Help/Crescent
in 6 Western States and Advantage 1-75 in the Midwest and Southeast are examples of this

cooperative public-private partnership.

1.2.5 - Advanced Public Transportation Systems (APT

The purpose of APTS elements is to provideimproved information to the public on public
transportation operations and availability, including real-time status. The potential impact of
APTS is the increase of public transportation use and a reduction in overall vehicle-trips. This
would lead to reduced congestion, pollution and fuel consumption. APTS technologies can be
used both for public transportation vehicles and to promote the use of high-occupancy vehicle
(HOV) facilities through ridesharing and other means.

Typica activities in the area of APTS are generaly found within the public sector, and

include the following:

Static information concerning transit and other modes utilizing ATISterminalsand
interface elements

Real-time transit location information through vehicle tracking (via Advanced
Vehicle Location [AVL] systems) and schedule maintenance

Managing of fleet operations and maintenance of service based on rea-timetransit
needs (i.e.,additional buses during a period of unusually high transit use)

On-board information for passengers

Real-time displays at bus stops and transit terminals

1. Introduction
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- Automated fare collection using “Smart” card technology

APTS elements are likely to be developed in conjunction with ATIS, since much of the
information to be disseminated from APTS will benefit the ATIS user.

1.3 INSTITUTIONAL ISSUES AND MASTER PLAN DEVELOPMENT

In addition to the development of proposed IVHS activities, the Project Team performed
an exhaustive investigation of institutional issues on alocal and regional basis, involving a series
of interviews with al local, regional and neighboring agencies, as well as private sector trip
generatorsand private traffic reporting entities. Based on these interviews, a series of operational
constraints and interagency relationships were identified.

Among the issues which play a role in the development of IVHS activities are the

following:

- Definition of both individua agency roles and interdependency of agency
relationships in coordinated traffic management strategies.

Definition of traveler information requirements for traffic and transit, and the
dissemination requirements for pre-trip and during-trip travel information.

- Definition of information to be shared between agencies, and responsibilities for
obtaining and distributing specific information elements.

Asaresult of the institutional issues raised, specific attention was paid to the constraints
and requirements defined by the agencies. These in turn helped define the IVHS programs
presented in the Master Plan. The Master Plan provided a specific focus on, in addition to the
IVHS activities to be developed, the means of implementing these activities. This included
development of a technical architecture incorporating existing loca and regional elements,
definition of a dissemination and information-exchange capability between agencies and users,
and development of an agency framework for implementation of IVHSprograms.

Specific roadways and areas for implementation were defined for the programs, along with
appropriate funding sources. The IVHS Action Plan, which is presented under separate cover,
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presented under separate cover, presents a detailled, phased implementation plan for IVHS

programs in Orange County.

14  ORGANIZATION OF THE REPORT

ThisFinal Report isorganized asfollows:

INTRODUCTION. These opening remarks.
CONCEPTUAL DEVELOPMENT OF IVHS

. Goals and Objectives
. Strategies
. User Services and Techniques

ANALYSIS OF NETWORK

Roadways
. Public Transit Considerations

INSTITUTIONAL ISSUES IN IVHS IMPLEMENTATION

. Local and Regional
. Private Sector

SYSTEM ARCHITECTUR E AND RECOMMENDED ELEMENTS

. Comparison of Different Structures
Recommended Elements

THE STATE OF THE ART IN IVHS

. Functional Areas
. Technologies
. Applications

SYSTEM CONFIGURATION FOR INFORMATION SHARING AND
DISSEMINATION

. Interagency Link.

. Communication Requirements
AGENCY CONSIDERATIONS

. Agency Structure

Supervision of Program Development
Staffing Requirements
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THE MASTER PLAN
Description of Programs
SYSTEM COSTS AND FUNDING

Estimated Program Costs
Review of Potential Funding Sources and Opportunities

BENEFITS ASSESSMENT

Benefits of Element Groups
Estimate of Total System Benefits

The Final Report is accompanied by an Executive Summary, and as discusssd above, an
IVHS Action Plan.
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2. CONCEPTUAL DEVELOPMENT OF IVHS

21 INTRODUCTJION

This chapter presents the strategic approach and tool kit for development of IVHS
activities in Orange County. This approach reflectsthe overall transportation needs of the County
and considers to a great extent the existing interagency relationships and the ability of the current
transportation management structure to support, operate, and maintain the various elements of

IVHS.
The strategic approach involvesa “top-down” strategy development process, which is then

used as the basis for the IVHSelement selection and program development process in the later

chapters.
22  ORANGE COUNTY’S 2020 TRANSPORTATION VISION

Subsequent to much of the work done during this IVHS Study, OCTA has prepared a
draft long-range strategic plan entitled the “2020 Orange County Transportation Vision.” This
document serves as a policy document for development of transportation improvements.

The 2020 Vision identifies three approachesfor improvement of transportation facilities.

These are:

- Freeway and Roadway Expansion
- Increased Transit
- Transportation Management

Additionally, the 2020 Vision identifies the need to “reduce traffic congestion, improve
ar quality and revitalize the economy” through the use of IVHS, and supports the use of IVHS
and other newer technology elements (teleconferencing, electric and alternative-fuel vehicles).
The document also identifies freeway and loca street corridors in which transportation problems
are concentrated, and addresses potentia policy alternatives.
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Clearly, IVHS technologies are consistent with the 2020 Vision. The IVHS elements must
be supportive of the County’ policies, particularly as they relate to improving transit use and
supporting Transportation Demand Management (TDM) strategies.

23  GOALSAND OBJECTIVES

The “top-down” strategy development adopted for this study is driven by the
transportation needs of Orange County. The first step is the identification of the goals of the
system to be developed. These are then broken down into objectives, strategies and finally
techniques, in order to identify a broad range of means for meeting the goals, including
technological, institutional and operational, near-, mid- and long-term, and across dll
transportation modes.  This methodology ensures that the solutions are based on the needs of

Orange County rather than “throwing technology at the problem.”
Eight goals have been developed. These have been based upon the following information:

- Local and Regional Needs
- National goals as identified by IVHS America

The goals and related objectives are summarized in the following section, based on the
policy defined by the goals and the different transportation objectives which apply toward each
goal.

2.3.1 - Summary of Goals

Based on the issues and direction presented above, the following goas have been
identified for the transportation system:

- Increase efficiency (person-carrying capacity) of the Transportation System
- Decrease harmful emissions and overall energy use

- Enhance safety of Transportation System
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- Support transportation operations and planning activities
. Improve the quality of life for residents of Orange County
- Minimize costs of transportation improvements

- Allow system to evolve (accommodate growth in elements and
technologies)

- Increase robustness (ahility to adapt to real-time conditions and constraints)

Achievement of these goals rely on a combination of solutions, both policy-oriented and
technological. The development of objectives, strategies and techniques in the following sections
will bear this out.

2.3.2 - Objectives

The above goals are accompanied by specific objectives to which the transportation
system must be directed. These objectives are summarizedin Exhibit 2.1 for each goal described
above, and may or may not be related to IVHS technologies.

24 DEVELOPMENT OF STRATEGIES

To cary out the objectives presented above, a series of transportation strategies are
developed for each objective. Aswith the higher-level goals and objectives, these strategies are
independent of technology and type of improvement, and focus on the actions required for
transportation improvements on a Countywide basis. A summary of allthe strategies identified
is presented in Exhibit 22. As s clear from the list, many strategies apply to more than one
objective, or are similar in nature. These “family sets” are shown in Exhibit 2.3 and can he
combined as shown to form “global strategies.” Exhibit 2.4 provides a cross-reference between
the global strategies and the Countywide transportation goals. These strategies will serve as the
basis for the identification of IVHS and other techniques which are to be used to solve the
various transportation problems in the County.

2. Conceptual Development of IVHS 2-3



EXHIBIT 2.1

SUMMARY OF GOALS AND OBJECTIVES

Goal Objective
1. Increase Efficiency 11 Manage Demand (reduce number of vehicles in

system)

1.2 Manage Flow (direct travel away from congested
areas)

1.3 Regain Capacity Following Incident (manage
congestion upstream of an incident)

1.4 increase Capacity (alleviate system bottlenecks)

2. Decrease Emissions/ 2.1 Menage Demand (see above)

Energy Use 2.2 Encourage Fuel-Effcient, Clean Running Vehicles
2.3 Reduce Deviation in Speeds (more constant speeds
and flows reduce fuel consumption and emissions)
3. Enhance Safety 3.1 Reduce Number of Accidents
3.2 Reduce Accident Severity (includes both vehicle and
infrastructure improvements
3.3 Reduce Secondary Accidents
3.4 Speed Emergency Response
3.5 Enhance General Safety of System (facilitate
emergency access, civil defense routing)
3.6 Minimize Impacts of Construction, Maintenance,
Special Events and Incidents (reducing traffic flow
impedance reduces changes in patterns which
causeaccidents)

4. Support Transportation 4.1 Collect Data on System Performance and Usage
Operations and Planning 4.2 Facilitate Interagency Coordination (improvement
Activities of information sharing)

4.3 Increase Productivity of City and Agency Staffs
(enhance operations through decision support and
coordinated responses which reduce repetitive or
redundant activities)

5. Improve Quality of Life 51 Enhance Traveler Comfort (reduction of stress due

delays, lack of information)

5.2 Improve Traveler Convenience (providing timely,
reliable means of reaching destinations)

5.3 Provide Equity Regardless of Socio-Economic
Status, Disabilities, Etc.

54 Provide an Equitable Distribution of Costs and
Benefits

55 Enhance Economic Vitality (support of tourism,
movement of goods and services)

5.6 DecreaseNoise

5.7 Improve Reliability (improve consistency of
availability and travel times)




EXHIBIT 2.1
SUMMARY OF GOALS AND OBJECTIVES
(CONTINUED)

Goal Objective
Minimize Costs of 6.1 Minimize Non-Recurring Costs (include capital and
Transportation Improvements implementation costs)

6.2 Minimize Recurring Costs (include operations and
maintenance costs)

Allow System to Evolve 7.1 Allow Expansion to Accommodate Future Population
and Geographic Growth

7.2 Allow Expansion to Add System Capabilities

7.3 Allow Modiiis to Meet Future Political and
Social Environments

Increase Robustness 8.1 Improve Operational Flexibility (function in situations
where full system is not available or staff ability to
operate system is limited)

8.2 Provide Maintainable System

8.3 Adapt to Changing Traffic Patterns (real-time
operational flexibility)




EXHIBIT 2.2

ORANGE COUNTY
IVHS ARCHITECTURE
GOALS, OBJECTIVES & STRATEGIES

Goal Objective Strategy

1 INCREASE EFFICIENCY

1.1 Manage Demand
1.1 .| Transport&on Demand Management
1.1.2.1.2 Spread the demand (Encourage non-peak travel)
1.1.3Reduce Demand
1.2 Manage Flow
1.2.1 Decrease Turbulence
1.2.2 Manage Routing in recurring congestion
1.2.3 Manage Routing in Construction/Maintenance/Special Events
1.2.4 Provide Pre-Trip information to Traveler
1.2.5Provide Information to Motorist in Vehicle
1.3 Regain Capacity Following Incident
1.3.1 Preplan for Incidents
1.3.2 Detect Incidents
1.3.3 Identify/Verify Incidents
1.3.4 Respond to Incident
1.3.5Clearincident
1.3.6 Clear Incident-Caused Congestion
1.4 Increase Capacity
1.4.1 Add Facilities
1.4.2 Eliminate Bottlenecks

2 DECREASE EMISSIONS/ENERGY USE

2.1 Manage Demand
2.11 Restrictions on Travel when Air Pollution is High
2.1.2 Transportation Demand Management
2.1.3 Spread the demand (Encourage non-peak travel)
2.1.4 Reduce Demand
2.2 Encourage Fuel-Efficient/Clean Running Vehicles
2.2.1 Economic Incentives/Disincentives
2.2.2 Mandates
2.2.8 Funded R& D into clean energy vehicles/subsystems
2.2.4 Fines for emissions
2.2.5 Highway Speed Emissions Monitor
2.3 Maintain Steady Speeds
2.3.1 Decrease Turbulence
2.32 Manage Routing in recurring congestion
2.3.3 Manage Routing in Construction/Maintenance/Special Events

3 ENHANCE SAFETY

3.1 Reduce the Number of Accidents
3.1 1Eliminate Infrastructure Hazards
3.12 Decrease Turbulence
3.1.3 Prevent Unsafe Driving
3.2 Reduce Severity of Accidents
3.2.1 Eliminate Infrastructure Hazards
3.22 In-Vehicle Safety Measures
3.3 Avoid Secondary Accidents
3.3.1 Warn Driver
3.32Respondto Incident
3.3.3 ClearIncident
3.4 Speed Emergency Response
3.4.1 Respond to Incident
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ORANGE COUNTY
IVHS ARCHITECTURE
GOALS, OB JECTIVES & STRATEGIES

Goal Objective Strategy

3.42 Clear Incident
3.5 Enhance General Safety
3.5.1 Improve Emergency Vehicle Access
3.5.2 Support Civil Defense Plans
3.6 Minimize Impacts of Construction/Maintenance/Events/Incidents
3.6.1 Manage Routing in Construction/Maintenance/Special Events
3.62 Provide Pre-Trip Information to Traveler
3.63 Provide Information to Motorist in Vehicle
3.6.4 Preplan for Incidents
3.65 Detect Incidents
3.6.6 Identify/Verify Incidents
3.6.7 Respond to Incident
3.6.8 Clear Incident
3.6.9 Clear Incident-Caused Congestion
3.6.10 SupportRerouting

4 SUPPORT TRANSPORTATION OPERATIONS AND PLANNING

4.1 Collect data on system performance and usage
4.1 1Real-time Data Base
4.12 O-D Data based on AVI/AVLNIPS
4.1.3 Credible data analysii procedures for historical analysis
4.2 Facilitate Interagency Coordination
4.2.1 Data Base Accessible to All Agencies
4.2.2 Enhanced Interagency Communications
4.2.3 Single Facility for Interagency Activities
4.2.4 Open Architecture
4.2.5Direct Computer-to-Computer Communications
4.3 Increase Productivity of City/Agency Staffs
4.3.1Real-Timelnformatin
4.3.2Interactive/Intuitii Information Display
4.3.3 Decision Aids
5 IMPROVE QUALITY OF UFE
5.1 Traveler Comfort
5.1.1 Assist Stranded Traveler
5.1.2 Manage Routing inrecurringcongestion
5.1.3 Manage Routing in Construction/Maintenance/Special Events
5.1.4 Provide Pre-Trip Information to Traveler
5.15Provide Information to Motorist in Vehicle
5.1.6 Provide Consistent Travel Times
5.1.7 Provide Information for Tourists
5.2 Traveler Convenience
5.2.1 Transportation Alternatives
5.2.2 Mass Transit Schedules and Modes Readily Available
5.2.3 Decrease Turbulence
5.2.4 Manage Routing in recurring congestion
5.2.5 Manage Routing in Construction/Maintenance/Special Events
5.2.6 Provide Pre-Trip Information to Traveler
5.2.7 Provide Information to Motorist in Vehicle
5.3 Equity regardless of Socio-economic status, disabilities, etc.
5.3.1Intelligencein Infrastructure rather than in vehicle
5.32 Multi-lingual, both audible and visual information
5.33 Wheelchair accessibility of mass transit
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ORANGE COUNTY
IVHS ARCHITECTURE
GOALS, OBJECTIVES & STRATEGIES

Goal Objective Strategy

5.4 Equitable distribution of costs and benefits
5.5 Enhance Economic Vitality
5.6 Decrease Noise
5.6.1 Sound Barriers
5.62 Reduce Demand
5.6.3 Inspections
5.6.4 Noise Sensors Combined with AVI
5.7 Enhance Reliability of System
5.7.1 Computer-Based Training
5.72 Expert systems for Diagnostics/Maintenance
5.7.3Technology Insertion & Upgrade Program
5.7.4 Computer Simulation

6 MINIMIZE COST

6.1 Analyze Life Cycle Cost for Range of Alternatives
6.2 Minimize Non-Recurring Costs
6.2.1 Minimize Infrastructure Costs
6.2.2 Minimize Detector Costs
6.2.3 Minimize Communication Costs
6.2.4 Reduce Data Processing Costs
6.2.5 Reduce Costs of Signage and Displays
6.3 Minimize Recurring Costs
6.3.1 Reduce Maintenance Costs
6.3.2 Reduce Surveillance and Monitoring Costs
6.3.3 Reduce Info Mgmt and Dissemination Costs
6.3.4 Reduce Response Costs
6.3.5 Reduce Costs of Toll Collection
6.3.6 Reduce Costs of Regulation
7 ALLOW EVOLVABILITY
7.1 Allow Expansion to Meet Future Demand
7.1 1open Architecture
7.12 Communications Capacity
7.2 Allow Expansion to Add Capabilities as Technologies. Funding Available
7.2.1 Open Architecture
7.3 Allow Modifications to Meet Future Political and Social Environments

8 INCREASE ROBUSTNESS

8.1 Improve Operational Flexibility
8.11Fault Tolerance
8.1.2 Open Architecture
8.1.3 Redundancy
8.2 Provide Maintainable System
8.2.1 Automatic Problem Identification
8.2.2 Redundancy
6.2.3 Modularity
8.3 Adapt to Changing Traffic Patterns
8.3.1 Modularity
8.3.2 Expandability
8.3.3 Relatively Load-Insensitive Design
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ORANGE COUNTY IVHS
ARCHITECTURE

DEVELOPMENT OF GLOBAL STRATEGIES

(FAMILY SETS)

Goal/Objective/Strateqy Description

122
232
512
524

123
233
3.6.1
513
525

121
231
312
523
1.4.2
516

13.1
3.6.4
352
3.6.10
4.3.3

132
3.6.5
133
3.6.6

51.1
134
3.3.2

341
3.6.7
351

135
3.3.3
34.2
3.6.8
1.3.6
36.9
113
2.1.4
1.1.2
2.13
5.6.2
111
212
521
221

517
124
3.6.2
514
526
522

125
5.1.5
527
3.6.3
43.1

Manage Routing in Recurring congestion
Manage Routing in recurring congestion

Manage Routing in recurring congestion
Manage Routing in recurring congestion
Manage Routing in Construction/Maintenance/Special Events
Manage Routing in Construction/Maintenance/Special Events
Manage Routing in Construction/Maintenance/Special Events
Manage Routing in Construction/Maintenance/Special Events
Manage Routing in Construction/Maintenance/Special Eventg__|

Decrease Turbulence
Decrease Turbulence
Decrease Turbulence
Decrease Turbulence
Eliminate Bottlenecks
Provide Consistent Travel Times

Preplan for Incidents
Preplan for Incidents
Support Civil Defense Plans
Support Re-routing
Decision Aids

Detect Incident

Detect Incidents
Identify/Verify Incidents
Identify/Verify Incidents

Assist Stranded Traveler
Respond to Incident
Respond to Incident
Respond to Incident
Respond to Incident

Improve Emergency Vehicle Access |

Clear Incident
Clear Incident
Clear Incident
Clear Incident
Clear Incident-Caused Congestion
Clear Incident-Caused Congestion

Reduce Demand

Reduce Demand

Spread the demad (Encourage non-peak travel)
Spread the demand (Encourage non-peak travel)
Reduce Demand

Transportation Demand Management
Transportation Demand Management
Transportation Alternatives

Economic Incentives/Disincentives

Provide Information for Tourists

Provide Pre-Trip Information to Traveler
Provide Pre-Trip Information to Traveler
Provide Pre-Trip Information to Traveler
Provide Pre-Trip Information to Traveler
Mass Transit Schedules and Modes Readily Avilable pE—

Provide Information to Motorist in Vehicle
Provide Information to motorist in Vehicle
Provide Information to Motorist in Vehicle
Provide Information to Motorist in Vehicle

Real-Time Information — ]

Global Strategy

Manage Recurrent Congestion

Manage non-Recurrent
Congestion

Reduce Traffic Turbulence

Develop Decision Support and
Response Mechanisms

Enhance Incident Detection
and Verification

Enhance Incident Response

Reduce Incident Duration
Through Rapid Removal

Provide Transportation Demand
Management Tools

Provide Pre-Trip Traveler
Information

Provide En-Route Traveler
Information
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ORANGE COUNTY IVHS
ARCHITECTURE
DEVELOPMENT Of GLOBAL STRATEGIES
(FAMILY SETS)

Coal/Objective/Strateqy Description

3.31 Warn

Driver

Global Strategy

Support Technologies to Enhance

In-VehicleSafety Measures

3.1.3 Prevent Unsafe Driving

5.3.2 Multi-linguahoth audible and visual information
5.3.3 Wheelchair accessibility of mass transit

712 Communications Capacity

4.2.2 Enhanced Interagency Communications

425 Direct Computer-to-Computer Communications
8.1.3 Redundancy

8.2.2 Redundancy

4.1.3 Credible data analysisprocess for histrorical analysis
412 O-D Data based on AVI/AVL/IVIPS

432 Interactive/Intuitive Information Display

421 DataBase Accessible to All Agencies

4.1.1 Real-time Data Base

4.2.3 Facilityfor Interagency Activities

5.3.1 Intelligencein Infrastructureather then in vehicle
4.2.4 OpenArchitecture

7.1.1 Open Architecture

7.2.1 Open Architecuture

8.12 Open Architecture

832 Expandability

823 Modularity

8.3 Modularity

833 Relatively Load-Insensitive  Design

573 Technology Insertion & Upgrade Program
574 Computer Simulation

5.7.1 Computer-Based Training

5.7.2 Expert systems for Diagnostics/Maintenance
8.1.1 Fault Tolerance

5.6.3 Inspections

6.2.3 Minimize Communication Costs

6.2.2 Minimize Detector Costs

6.2.1 Minimize Infrastructur€osts

6.2.5 Reduce Costs of Signage and Displays

6.34 Reduce Response Costs

6.3.6 Reduce Costs of Regulation

6.3.5 ReduceCosts of Toll Collection

6.2.4 Reduce Data Processing Costs

6.3.3 Reduce InfoMgmt and Dissemination Costs
6.3.1 Reduce Maintenance Costs

6.3.2 Reduce Surveillance and Monitoring Costs
8.2.1 Automatic Problem Identification

2.2.3 FundedR&D into cleanenergy vehicles/sub systems
225 Highway Speed Emissions Monitor

224 Fines for emissins

2.11 Restrictions on Travel when Air Polluation is High
5.6.4 Noise SensorsCombined with AVI

5.6.1 Sound Barriers

2.2.2 Mandates

311 Eliminate Infrastructure Hazards

3.21 Eliminate Infrastructure Hazards

_

Traveler Safety

Provide Full Accessibility
to All Travelers

Provide Information and
Operational Accessibility

Develop System Featuresto
Enhance Maintainability and
Cost Effectiveness

Develop Facilities and Technologies
Reduce Emissins, Energy
Use and Noise



Exhibit 2.4
COMPARISON OF GOALS AND GLOBAL STRATEGIES

Goal

Strategy

Decrease
Increase | Emissions/
Efficiency |Energy Use

Manage Congestion
-Recurrent

-Non-Recurrent

Enhance
Safety

Support Improve
Operations |Quality of
& Planning Life

Reduce Traffic
Turbulence

Develop Decision
Support & Response
Mechanisms

L Allow Increase
Minimize | System t0| ropustness:
Costs Evolve

Ny Wl
.
AR R

Manage Incidents
- Detection/Verification

- Response

.Rapid Removal

Provide TDM Tools

Inform Travelers
- Pre-Trip

- En-Route

Support
Technologies
to Enhance Safety

Provide Full
Accessibility for All
Travelers

Provide Info &
Accessibility for All
Agencies

Develop Features
to Enhance
Maintainability &
Cost Effectiveness

Develop Facilities &
Technologies to
ReduceEmissions,
Energy Use and
Noise
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25 IDENTIFICATION OF IVHS TECHNIQUES

To define the techniques for improving the transportation system in Orange County, a
brainstorming process was utilized, which looked at al possible solutions to improving the
trangportation system, with the focus being on 1VHS-related technologies and policies which
could be support through IVHS.

In the course of this Study, the Federal Highway Administration (FHWA) has classified
in a Working Paper on IVHS User Services and Functions (September 1992) a number of “ User
Services” and "IVHS Functional Areas’. The intent of the FHWA working paper was to provide
a structured process in which the scope of operational test and overall IVHS architectures can
be defined. For the purposes of the Orange County IVHS Study, these services and functional
areas can be cross-referenced against the results of the Study Team’s brainstorming process, in
order to establish the role of IVHS in improving the Countywide transportation system.

2.5.1 - User Services

Five areas of user services have been defined; in which the users may be travelers,
drivers, transit riders, fleet operators and dispatchers, and transportation management personnel.

- Traveler Information

- Traffic Management

- Freight and Fleet Management

- Public Transport and Emergency Vehicle Management
- other Services

The descriptions of these user services essentially correspond to the definitions for the
traditional 1VHS categories presented in Chapter 1; traveler information parallels ATIS, traffic
management encompasses ATMS, freight and fleet management refers to CVO, and so forth.
The primary difference is that the IVHS user service descriptions are oriented towards system
functions and features, with little or no reference to the technologies required to achieve these
services. A summary of the IVHSuser services is provided in Exhibit 2.5. These are related
to the global transportation strategies in Exhibit 2.6. It is noted that AVCS services and

2. Conceptual Development of IVHS 2-12
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Exhibit 2.5 - IVHS USER SERVICES

TRAVELER INFORMATION

- Advisories - dynamic information on congestion, incidents, weather, and
other conditions

Service Information - non-traffic related information describing
characteristics and locations of service providers (i.e, “yellow page)

- Trip Planning - delays/travel times for roadway segments and schedule/fare
information for transit systems to aid traveller in selecting the optimum
mode and route

- Route Selection - a more advanced form of trip planning which optimum
route/mode is automatically selected based on traveller-entered parameters
(e.g., origin and destination, preference, etc.)

- Location Displays - showing the vehicle's current position relative to the
transportation network

- Route Guidance - routing instructions for the traveller to reach a desired
destination

TRAFFIC MANAGEMENT

- Incident Management - the rapid detection, verification, response, and
clearance of incidents which cause congestion.

- Traffic Network Monitoring - real-time surveillance of the transportation
network to identify traffic flow conditions

- Demand Management - strategies to encourage travel during non-peak
travel periods

. Traffic Control - strategies which alow for adaption to different traffic
pattems and response to demands as they occur (e.g., signal timing, lane
use restrictions, ramp metering rates, access control, etc.)

Construction Management - scheduling of construction/maintenance
activities and set-up of construction zones so as to minimizetheir effects on
traffic flow

Electronic Toll Collection - automatic identification of vehicles and
automatic debiting of the appropriate amount from a pre-paid account or
other billing arrangement
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Exhibit 2.5 (continued)

FREIGHT AND FLEET MANAGEMENT

- Route Planning and Scheduling - making informed routing decisions based
on real-time knowledge of roadway conditions and vehicles locations

- Vehicle and Cargo Monitoring - real-time information on shipment status
(e.g., location, delays, temperature of refrigerated cargos, other problems)

Law _Enforcement - retrieval of lost and stolen vehicles

- HAZMAT Monitoring and Tracking - coordination of routes, advance
notice to appropriate entities regarding vehicle status, and improved
emergency response

- Requlatory Support - speeding up the regulatory process and reducing the
required number of regulatory stops (e.g., paperless transactions and
recording, transparent borders, €tc.)

PUBLIC TRANSPORT AND EMERGENCY VEHICLE MANAGEMENT

- Planning and Scheduling - vehicle scheduling and dispatching in response
to passenger’s schedule needs

- Transit Vehicle Priority - strategies which reduce transit vehicle delay at
traffic control devices (e.g., signa preemption, ramp meter bypass

- Automatic Payment - automatic debiting the appropriate fare from travelers
pre-paid account, thereby providing quicker fare collection and aflexible
fare structure

- Dynamic Ride Sharing - dynamic formation of carpools, matching drivers
to travelers

- Prediction of Arrivals

ADDITIONAL SERVICES

- Traveler Safety/Security

- MAYDAY Transmissions




Exhibit 2.6

RELATION OF IVHS USERS SERVICES

TO ORANGE COUNTY TRANSPORTATION STRATEGIES

User
Service

Strategy

Information

Manage Congestion
-Recurrent

- Non-Recurrent

Reduce Traffic
Turbulence

Develop Decision
Support & Response
Mechanisms

Manage Incidents
- Detection/Verification

- Response

- Rapid Removal

Freight and Public Transport / .
Management Fleet Emergency Vehicle | Additional
anage Management Management Services
(Automated
Vehicle
Control)

Provide TDM Tools

Inform Travelers
- Pre-Trip

- En-Route

JER Y € o
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Support
Technologies
to Enhance Safety

(Automated
Vehicle
Control)

Provide Full
Accessibility for All
Travelers

Provide info &
Accessibility for All
Agencies

Develop Features
to Enhance
Maintainability &
Cost Effectiveness

Develop Facilities &
Technologies to
Reduce Emissions,
Energy Use and
Noise

(Automated
Vehicle
Control)
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technologies are not generally included in the FHWA% definitions, as these are considered to be
farther off into the future and are being treated as a separate category. In the interim,theycan

be treated as ‘Other Services”.

2.5.2 - Functional Areas and Technologies

The IVHS supporting technologies can be broken down into the following functional areas
as defined by FHWA

- Surveillance

- Communications

- Traveler Interface

- Navigation/Guidance
- Control Strategies

- In-Vehicle Sensors

- Data Processing

During the brainstorming process for the Orange County 1VHS Study, those technologies
necessary to support the required user services are identified. Exhibit 2.7 presents a summary
of various technologies included in the above functional areas. These technologies are reviewed
in further detail in Chapter 6, “The State-of-the-artin IVHS.”

2.5.3 - Relationship of Techniguesto Srategies

The IVHSuser services can be correlated with the proposed strategies as shown in Exhibit
2.8. As is apparent, most IVHSrdaed improvements benefit strategies related to congestion
management, incident management and traveler information. However, particularly for in-vehicle
sensors and other future automated vehicle technologies, the safety improvement factor will
become an increasingly noticeable benefit of IVHS.

Potential techniques to be applied for each of the strategies were developed based on the
project teams knowledge of available technologies and actions to improve transportation system
operations. These are shown in Exhibit 2.8, classified by strategy, and categorized as follows:

2. Conceptual Development of IVHS 2-16



EXHIBIT 2.7
IVHS FUNCTIONAL AREAS

Functional Areas

Frinntinne

Tunical Technionies

Surveillance

Congestion Management

Incident Location/Confirmation
Determining Device Status

Measurement of Emissions/Consumption
Data for Planning Purposes

In-Pavement Detection

Overhead Detection

Machine Vision

Automatic Vehicle Identification (AVI)
Automatic Vehicle Location (AVL)
Vehicle Probes

Weather

Closed-Circuit Television

Manual Methods (e.g., Cellular Call-In)
Smart Cards (Transit Use)

Communications

Exchange Data and Information
- Between Vehicle and Infrastructure
- Within Infrastructure (Agency-to

Ag enc?/
- Vehicle-to-Vehicle

- Between Infrastructure and the Public

Transmission Types

- Data (digital)

- Voice (analog and digital)
- Video (analog and digital)

Media Types

- Optical (fiber optics)
- Bounded Media (analog/digital)
- Twisted-Pair Cable
- Coaxial Cable
- Unbounded (wireless) media
(analog/digital)
Microwave
Satellite
Cellular
Spread Spectrum Radio

Other Radio




EXHIBIT 2.7 (Cont?tl)
IVHS FUNCTIONAL AREAS

Functional Areas

Functions

Typical Techniques

Traveler Interface

Distribute Information to Travelers

- Transit and Traffic

- Passive and Interactive Displays
- Special Events Impacting Travel
- Status of Transportation Facilities
- Tourist Information

Broadcasting (radio and television)
Changeable Message Signs

Graphic Displays (interactive)

Video Text

Broadcast Displays

Highway Advisory Radio (HAR)
Traveler Advisory Telephone (TAT)
Interactive Voice Recognition Systems
In-Vehicle Displays

Touch Screens

Control Strategies

Improve System Efficiency
Redistribute Demand
Enhance Traveler Safety

Computer- Based Signal Control Strategies
- Traffic-Responsive (pattern matching)
- Adaptive (current flow)

Freeway Ramp Metering

Freeway-to-Freeway Connector Metering

Preferential Treatments for Transit, High-
Occupancy Vehicles (HOVs)

- Metering Bypass Lanes
- Exclusive Lanes

Reversible Lane Controls

Response and Traffic Diversion Strategies

Roadway Pricing
- Toll Roads
- Congestion- Based Pricing

Incident Management
- Freeway Service Patrols
- Call Boxes
- Cellular “91T" monitoring
- Accident Investigation Sites

Integrated Freeway-Arterial Control
Strategies (“Smart Corridors”)




EXHIBIT 2.7 (Conttl)
IVHS FUNCTIONAL AREAS

Functional Areas

Functions

Typical Techniques

Navigation/Guidance

Assist Traveler in Trip Planning
Guide Along Route
Provide Directions to Destination

Location Devices

Global Positioning Satellite (GPS)
Dead- Reckoning (compass- based)

Signpost (radio transmitters on roadside
and in vehicle)

Radio Multi - Lateration (transmitter in
vehicle, receivers in fixed location)
Loran C (hyperbollic radio signals)

Displays
In-Vehicle Maps and guidance Devices

Staic Maps at Public or Private Sites
Text Information and Messages
Audio Information and Messages

Data Processing

Manage and Evaluate Data Pertaining
to System Operations
Processing of Information
- Vehicle-Devices
- Roadside- Devices
- Central-Devices

Transportation Operations Facilities

- Freeway
- Surface Street
- Integrated
Central Processing Hardware

- Processors
- Workstations
- Video Monitors
System Software and Algorithms

- Automated Incident Detection
- Diversion Algorithms
- Neural Networks (many processors,
collective computation)
User Interface

- Real-Time Graphics Display
- Graphical User Interface (GUI)




EXHIBIT 2.7 (Contd)
IVHS FUNCTIONAL AREAS

Functional Areas

Functions

Typical Techniques

Data Processing (continued)

Data Fusion

- Real-Time Data Distribution

- Database Organization

- Standardized User Interface
Environments

- Database Security

- Geographical Information Systems (GIS

- Open Systems

In -Vehicle Sensors

Manage and monitor In-Vehicle
Conditions

Warn Driver of Unsafe Conditions

Perform Corrective Actions in Vehicle

Equipment Status Sensors

Vehicle Headway Sensors

Electronic Odometers

Electronic Compass

Driver Fatigue and Performance Monitors
Anti-Lock Braking Systems




KEY

USER SERVICES

TI = Traveler Information

TM = Traffic Management

FM = Frelght and Fleet Management
PT = Public Transport and Emergency
Vehicle Management

AS = Additional Services

EXHIBIT 2.8

FUNCTIONAL AREA

S =Surveillance

C = Communications

T = Traveler Interface
CS = Control Strategies
N = Navigation/Guidance
D = Data Processing

| = In-Vehicle Sensors

"ORANGE COUNTY IVHS STUDY
IDENTIFICATION OF TECHNIQUES

_In-Vehicle Information/Navigation Systems 1

i Technigues User Functional Other
Strategies Service Area Improvement
1) Recurrent Congestion Management In-Vehicle Infromation/Navigation Systems Tl TIN
Pre-Trip Information via CATV, media, kloeks
Changeable Message Signs (CMS) TI TUT™M T TN
Trailblazer signs for pre-planned alternate routes TI/T™ TIN
On-Ramp Restrictions (e.g., closure, restricted meter rates) ™ cS
Reversible Lanes ™ cS
Signal Synchronization M CS
2) Non-Recurrent Congestion Management] Integrated freeway-arterial control (Smart Corridors) ™ cs
Signal Coordination (responsive/adaptive) ™ CsD
In-Vehicle Information/Navigation Systems Tl TN
Pre-Trlp Information CATV, media, kloeks T
Changeable Message Signs (CMS) TI TIT™ T/ICSIN
'‘Trailblazer" signs for pre-planned alternate routes TIT™ TICSIN
On-Ramp Restrictions (e.g., closure, restricted meter rates) ™ S .
Accident Investigation Sites ™ CS Physical
Upsteam ramp closures ™ S
Downstream turn-off of ramp metering ™ cs
Highway Advisory Radio (HAR) TUTM T
3) Reduce Traffic Turbulence Ramp Metering ™ S
Dynamic Speed Limits ™ cs
Signal Synchronization In response to real-time demand ™ S
Automatic Tdl Collection (ETTM) ™ cS
Commercial Vehlchb Restrictions FM S
Restricted Lane Changes TM/FM S
Weigh-In-Motion FM D
One stop vehicle inspection stations FM
Integrated freeway-arterial control (Smart Corridors) ™ DG
In-vehlcb speed advisory ™
Adaptive cruise control AS
Variable speedontrol or Influence ™ Cs/l
Monitor Traffic Speed with probesMVIP'siradar tracking A_‘”S _ﬁﬁ




EXHIBIT 2.8 (Cont.)

ORANGE COUNTY IVHS STUDY

IDENTIFICATION OF TECHNIQUES

Strategies Techniques User Functional Other
Service Area Improvemen
4) Develop Decision Support Interagency coordination ™ cs Policy
and Response Mechanism Incident Management Plan ™ cs Policy
Simulations to Develop Mitigation Measures ™ D
Expert System ™ D
Pre-Identified alternate router ™ cs Policy
"Trailblazer" signs ™ CS/TIN
Changeable Message signs (CMS) ™ CS/TIN
information collection ™ S
interagency warning procedures (civil defense) ™ cs
Mobile command sysytems (civil defense) ™ cs
Evacuation Router and Response Plans ™ cs
Advise on Availability of Public Transit Tl T
Mobile Highway Advisory Radio (HAR) TM/TI T
5) Enhance Incident Detection Call Box ™ T
and Verification Cellular 011 ™ T
Freeway Service Patrol Roving tow Trucks ™ cs
Roving CHP Vehicles ™ S
Surveillance Helicopters ™ S
Roadway Detection (ioopr, radar, microwave, wide area, etc.) TM/TI S
Vehicle-Roaddds Communications TMITI/FM/PT C
Automatic Vehicle identification (AVI) TM/FM/PI- S
Vehicle-to-intaetruoutre communlcationr link (panic button) P-r CIT
Vehicle-to-cdl box oommunlcatlonr link ™ C
In-Vehicle ‘May Day’ systems TM/PT T
Cloeed-Circuit Television (CCTV) ™ S
Expert Systems (Data Fusion for verification) ™ D




EXHIBIT 2.8 (Cont.)

ORANGE County IVHS STUDY
IDENTIFICATION OF TECHNIQUES

Strategies

6)Enhance Incldsnt Response

7) Reduce incident-Caused Congestion
‘ Through Rapid incident Removd

8) Provide Transportation Demand
Aanagsment Toole

.1
Technigues User Functional Other
Service Area Improvement

Expert Systems (Determine Response) ™ D
Freeway Service Patrol (Rodng tow trucks) ™ GS
Signal Pre-emption for Emergency Vehiciee ™ cS
Accident Investigation Sites ™ s
Paramedice ™
Hazmat Teams ™ cS
Mutual Aid agreements (emergency services) between agencies ™
Closed-Circuit Televisin (CCTV) ™ S
Portable CCTV for image transmission from incident site ™ S
Interamgency hlgh-speed communications links ™ C
AVl (Load Identification) FM S
CHP Team ™ s
Freeway Service Petrol (Roving tow trucks) ™ S
row Trucks ™ S .
Hazmat Teams ™ Cs Service
Roll Roads/Congestion Pricing ™ CS
HOV Lanes ™ cs
HOV Bypass of Ramp Meters ™ o
Park & Ride Lots ™ CS .
Demand Management Policies ™ s Pol!cy
Incentives Pol!cy
Add Publio Transit Routes PT CS Pol!cy
Increase Public Tranrlt Frequency PT CS Policy
Pro-Trip Trandt Info (Real-Time) PT TIN
Pro-Trip Planning Aide (transit) PT TIN )
Publio awareness oampign Policy
Expensive or restrictive parking Pol!cy
Subsidization of mass transit fees for empioyeer Pol!cy
increase gaeoiine taxes Policy
Inform traveler en-route of alternate modes (e.g., park-and-ride for transit) PT/TH TIN
Pre-Trip Information via CATV/Media on alternate routes PTI TIN .
Staggered or flexible work hours Pol!cy
Telecommuting PO'.'Cy
Shorter work weeks PO'.ICy
Decentrailzed/relocated employer8 (shorter commutes) Policy
In-Vehicle navigation aids T TIN
Audio/Videotext for in-home services (shopping, banking) Tl I




EXHIBIT 2.8 (Cont.)

"'ORANGE GOUNTY IVHS STUDY
IDENTIFICATION OF TECHNIQUES

Strategies Technlgues User Functional Other
service Area | Improvement
9) Provide Pro-Trip Traveler Information Videotext TI T
Cable TV (CATV) T T
Interactive Kiosks (Publio Places) TIPT TIN
Silent Radio TI T
Media Traffic Reports TI T
Did-up Telephone Services /Traveler Advisory Telephone Tl
‘lO) Provide En-Route Traveler information Hlighway Advisory Radlo (HAR) TI/T™M TTN
Changeable Message Signs (CMS) TI/TM TIN
Radio Data Systems (RDS) Tl T
In-Vehicle Information/Navigation Systems TI N/T
Ardval Time info at Transit Centers/Transfer Polnts TI/PT T
Media Traffic Reports TI T
Did-up Telephone Services /Traveler Advisory Telephone Tl T
111) Provide Traveler Safety Enhsnoement Changeable Message Signs (CMS) TI/TM T
Highway Advisory Radio (HAR) TIT™M T
Automated vehicle oontrol AS I/future
Incident Response ™ cs
Rapid Removal of Incidents ™ cs
Driver Viaibility Enhancement AS |
in-Vehicle Warning Syrtemr (fog, accident, slippery road, eto.) AS |
Detection of driver Impairments (e.g., Intoxication) AS |
Enhanoed Law Enforcement efforts Policy
Education programr (i.e.licenses, @ peed limits, drinking) Policy
Increased Public Awareness Policy
Vehicle Airbage AS |
Passive Seatbelts AS I
Anti-Lock Brakes AS |
In-Behicle Coilidon Warning (Object sensors) AS |
Automatic Braking systems AS |




EXHIBIT 2.8 (Cont.)

ORANGE COUNTY IVHS STUDY
IDENTIFICATION OF TECHNIQUES

Strategies Technigues User Functlonal Other
Se rvice Area Improvement
12) Provide Full Accessibility to All Travelers Multi-lingual, audio and visual Informalon Tl T
Wheelchair aaccessibility of public transit Tl T
13) Provide Accessitillty to  All Agencies Bdc systemintdllqwri in Infrastructure, not In vehicle TM/TI D
Red-Time Data Base Accessible to All Agencies TM/TI D
Distributed Intelligence between field componentsand agencies TM/TI D
Distributed Intelligence, functions between local and regional agencies TMITI D
Standardized Two-Way Communications Unks Between Agencies TM/TI C
Origin-Destination data through AVl and AVL for planning purposes TM/PT D
Credible Historical Analysis Procedures for system data ™ D
Direct Computer-to-Computer Communications TM/TI C
Centralized Coordination of Interagency Activities TM/I'| CS
Agencies retain autonomy over own facilities TMITI CS
Expert Systems (Diagnostics and mdntenance) TMITI D
Local Area and Wide Area Networks TM/TI D
Computer Simulation ™ D
Interactive/intuitive displays (Graphical User Interface) TM/TI D
Capacity for expansion by adding modular components TM/TI D
Flexible data access and spatial data relationships through GIS TMM D
Redundancy In Communications TM/TI C/ID
Redundancy In Data Processing TM/TI D
Smart Corridor Strategies (Interagency In nature) ™ C/s
14) Provide Maintainable and Coordinate infrastructure Installation with other pufdic works Policy
Cost Effective System ProvideCost-Effective Survelliance and Monitoring Equipment TM/TI S
Provide Cost-Effective Signags and Displays TM/TI T
Utilize elementsrequiring minimal maintenance TM/TI D/CIS
Provide Adequate System Back-UpData ™ D
Redundancy In Communications TM/TI C
Data Base supports multiple subsystems TM/TI D
User fees charged to media/3rdparties for dissemination Tl T Policy




EXHIBIT 2.8 (Cont.)

ORANGE COUNTY IVHS STUDY’
IDENTIFICATION OF TECHNIQUES

Strategies Techniques User Functional Other
Service Area Improvement

15) Support Public Policies to Reduce Highway Speed Emissions Monitor ™ S

{Emissions, Energy Use and Noise Finer for emissions Policy
Restrictions on Travel when Air Pollution is High ™ cS
Noise Sensors Combined with AVI ™ IS

Sound Barriers Physical

Mandates Policy

Inspections (i.e., mufflers, emissions, leaks) Policy

IIncrease gasoline taxes Policy
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By User Service

- By Functional Area

- If not directly IVHSrelated, classified either as “Policy”, “Service” (i.e., non-
trangportation, specific service) or “Physica” (i.e, physical infrastructure) project

The techniques shown here represent a “toolbox” of improvements from which the specific
IVHS elements are identified and the system architecture devel oped.

26  OBSERVATIONS

A careful examination of the techniques in Section 2.5 reveal several recurring themes.
These observations have important implications for development of IVHS programsin Orange
County.

2.6.1 - Public Policy isa Major Factor

Many of the goals, particularly those related to TDM, emissions, fuel consumption and
safety, are supported by incentives, disincentives or public education. These policy issues are
to some extent outside the scope of this study, but it is highly beneficia for IVHS programs to
be complemented by such policy efforts.

2.6.2 - Additional New Construction Not Essential

Adding lanes or roadways increases capacity, but is expensive. This study does not
recommend any new roadway construction beyond that currently programmed Additional
enhancements for automated highways would be a longer-term element. Research and
development efforts will identify the level of infrastructure improvement required.

2.6.3 - In-Vehicle Equipment

In-vehicle equipment, by its autonomous nature, is outside the scope of the public sector,
but the IVHS architecture developed in this study must be capable of supporting the real-time
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information needs of such equipment. In the near term, in-vehicle information and guidance
systems support many of the transportation strategies; the architecture must provide the real-time
information that such systems will require. In the longer term, automatic vehicle control, such

as automated platooning and steering, will have the potential to sharply increase roadway

capacity.
2.6.4 - Real-Time Traveler Information (Pre-Trip, En-Route) is Needed

This information can involve both traffic information and transit information, and can be
done either pre-trip or en route. This includes trip-planning aids that encompass public transit,
especialy if they take into account current or expected roadway congestion. Integration of traffic
and transit information can alow the traveler to directly compare travel times between origins
and destinations, thus allowing an informed mode choice. En-route information allows the
motorist to avoid congestion, and warns of hazards, thus decreasing congestion and increasing
safety.For transit, en-route information can assist in making proper and convenient corrections.

2.6.5 - Decreasing Traffic Turbulence will Have Several Types of Benefits

Decreasing traffic flow turbulence (stop-and-go traffic, speed differentials between
vehicles) is essential. It increases average speeds, saves fuel and prevents accidents. On
freeways, a primary technique is through ramp metering, which provides more controlled merge
characteristic s, reducing braking and forced maneuvers. On surface streets, turbulence can be
reduced through separate turn bays for both signalized and unsignalized intersections, as well as
through the appropriate signal synchronization and timing strategies.

2.6.6 - Clearing incidents More Quickly will Reduce Congestion

Incidents cause for more than half the delay on the roadways. Rapid incident removal
(as well as providing aid to stranded motorists) results in substantial delay reductions (modeling
done by Hughes estimates savings to be up to 60%) and aso saves fuel and reduces the
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pollutants caused by stopped traffic. It also reduces the risk of secondary accidents caused by
upstream traffic suddenly encountering stopped traffic.

2.6.7 - Appropriate Real-Time Traffic Response Strategies are Useful

Appropriate traffic response plans, such as re-routing upstream traffic around an incident,
is another technique for relieving incident-related congestion. Minimizing the flow into the
incident area saves delay and pollution, increases safety and shortens the duration of lingering

congestion.
2.7 RECOMMENDED EMPHASIS

A combination of increased operational efficiency, traveler information and policy
measures can have a positive impact on safety as well as reductions in emissions and fuel
consumption. There are aready a number of examples of programs that manage flow and
congestion, and incidentally enhance safety and clean air. For example, Fuel Efficient Traffic
Signa Management (FETSIM) projects sponsored by Caltrans throughout the State have
smoothed flow by traffic signal synchronization and as a result decreased fuel use by 8.6%. The
Chicago Area Expressway Surveillance and Control Project resulted in a 30% reduction in peak
period freeway congestion and an 18% reduction in accidents, according to the lllinois
Department of Transportation

Thus, the Project Team feels improvements in operationa efficiency should be
emphasized. However, amajor area in which safety must be addressed is in the area of signal
pre-emptionin support of safety (makingthe roadways more effective for emergency response).
This is a policy which the County Board has adopted. The impacts of pre-emption on traffic
operations has not been well-documented in the past, although pre-emptionis an element which,
at the federal level, is specifically addressed for funding.

In general, technologies exist to address al of the needs outside the vehicle. For example,
inductive loops are an existing technology for detecting vehicles and measured speed. However,
this is not to say that detector technology will not evolve, or that it is unnecessary to have trial
implementations of other technologies. The implications are that the architecture can be built
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now to meet current needs, but must be flexible enough to grow as technology evolves.  Another
implication, based on the agency concernsidentified in Chapter 4, is that institutional issues will
place greater constraints on the structure of the IVHSarchitecture than will the technology.
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3. ANALYSIS OF NETWORK

This chapter provides an overview of the Orange County transportation network, in light
of current and projected demand data using the County’s OCTAM-II network, aswell asareview
of the various components of the transportation network, including those identified in the
Statewide Smart Corridor Study as candidate locations for corridor-type IVHS improvements.
The Chapter concentrates upon the physical roadway network. In addition to roadways, public
transit system elements also play a key role in the IVHS network. However, as public transport
is largely roadway-based (e.g., buses, paratransit, rideshare), roadway improvements will greatly
and equally benefit both traffic and transit.

3.1  SUMMARY OF TRAVEL CHARACTERISTICS

In order to assess Orange County’s transportation needs and deficiencies for the
succeeding twenty year period, JHK & Associates analyzed year 1991 and year 2010 data
obtained from OCTAM-II, the County transportation network maintained by the Orange County
Environmental Management Agency (OCEMA) and utilized by OCTA

Total daily vehicle miles and vehicle hours traveled, and average speeds within the
County’ s network of streets, roads and freeways are presented in Exhibit 3.1 below:

EXHIBIT 3.1
1990-2010 COMPARISON OF ROADWAY TRAFFIC CONDITIONS
Vehide Miles (M) | Vehicle Hours (M) Average Speed
(MPH)
1990 | 50.23 | 1.69 | 297
2010 | 87.79 | 499 | 180
Change | 75% | 195% | -39%

Thefigures indicate a forecasted 75% increase in demand (vehicle-miles) will result in
a195% percent increase in vehicle-hours of travel time. This represents an approximate tripling
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in the average duration of atrip within the County over the next twenty years. Thisis primarily
due to the estimated 3% reduction in speed due to increased travel demand, relative to expected
growth in capacity.

As indicated by both the 1990 and 2010 OCTAM networks, aterids represent
approximately 44% of the total vehicle miles traveled and freeways represent 51%. (The
remaining 5% represents four different facility types within the OCTAM model which can be
classified as “other.”) Arterials, asrepresented by the OCTAM model, consist of both primary

and secondary arteridls.

32  CURRENT AND PLANNED CAPABILITIES

Orange County currently has 244 miles of freeways, with 36 miles of HOV lanes as of
November 1992. The Caltrans Traffic Operations System Master Plan for freeways cdls for a
TOC supported by increasing levels of freeway loop detectors, changeable message signs (CMS),
highway advisory radio (HAR), closed circuit television (CCTV), freeway service patrol (FSP),
incident response teams and fiberoptic communications. Details on the operation of the TOC are
given in the TOC Study Final Report'. There are aso three toll corridors and median toll lanes
on two freeways planned for construction. The toll corridors will have elements similar to
freeways, including ramp metering, CCTV and CMS. The local OCTA transit operation includes,
local bus routes, express bus routes, and new commuter rail facilities. In the planning stages are
afixed guideway and light-rail service.

Some, but not all freeways have good alternate routes on the surface streets. A Statewide
“Smart Corridor” Study® has identified specific freeway/arterid corridors in which balancing of
traffic flows through real-time management and information techniques is beneficial.
Approximately 271 miles of surface streetsin the County are identified as part of these Smart
Corridors. These are also discussed later in this Chapter.

For surface streets, the cities and county (in unincorporated areas and contracted cities)
have severd levels of traffic management capabilities. These range from local signal control to

1 Orange County TOC Study Final Report JHK & Associates. August 27.1991

2 Smart Corridor Satenide Sudy, JHK & Associates 1990
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arterial master control to, at the highest level, Anaheim’s Traffic Management Center, supported
by CCTV, CMS, HAR and real-time pm-trip traffic information. Some of the cities have worked
together on signal synchronization across city boundaries, one example being Katella Avenue.
Similar coordination is planned as part of the County’s Smart Street program, discussed later in
this chapter.

Projectsin Irvine and SantaAna are developing sSimilar ATMS capahilities to Anaheim,
and other cities in the County, including Newport Beach, Orange, Huntington Beach and Mission
Vigjo, are pursuing upgrades of their existing traffic control systems. OCEMA is pursuing
integrated coordination between local traffic management systems aswell.

3.3 CONSTRAINTS

Orange County differs from other metropolitan areas in severa respects. Oneisthe large
number of non-local travelers drawn by Disneyland and other attractions. Thereisalso no single,
“true” city center, but rather a number of central business districts (Santa Ana, Fullerton and
other more mature areas in the County) as well as newer “edge cities” which offer intensive
concentrations of commercial and retail activity. There are alarge number of inter-region
commuters who live and work throughout the County. This means that many areas experience
two-way reaming congestion; there are no clear “in-bound” and “out-bound” directions. The
continuing growth in Orange County is generally in the form of major developments that cause
changes in traffic patterns, particularly in the East and South County areas.

It may be ideal to predict that all IVHS elements will someday be established on a
“globa” basis. However, economically and politically speaking, this is highly impractical, and
in fact not a necessity. Many elements of 1VHS are specifically useful under particular roadway
conditions (physical and operational), and may not produce the desired benefits under other
conditions, nor may they be necessary for those other conditions.

It will thus be appropriate to define corridors and target roadways, as well as specific
global elements, to which IVHS improvements will be directed in the early deployment and
medium term periods. For the horizon year (2020) of this study, aless-detailed analysis of needs
IS more appropriate, due to the rapid advances in technology which are likely in the next several

years.
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3.4  MULTI-AGENCY SYSTEM OPERATIONS

The various cities and agencies which make up the County are making concentrated
efforts to increase the capacity and efficiency of the County’s roadways through operational
improvements. Virtualy every primary roadway within the County is equipped with a traffic
signal control system which is capable of operating signals in a coordinated manner.

There has a so been a measurable increase in the number of cooperative traffic operation
projects being undertaken by two or more adjacent jurisdictions. Several recent interagency
traffic signal coordination projects have provided the initial thrust toward increasing the number
and magnitude of interagency projects. Additionally, eleven Growth Management Areas (GMAS)
have been established in conjunction with the County’s Measure M funding process, thus
providing an additional forum for agencies to combine efforts in developing solutions to traffic
congestion.

The deficiencies within the current network lie in the ability of the various systems to
transfer and receive traffic data from neighboring systems. While data can be transferred
between systems and components of the same manufacture (e.g., Multisonics, a predominant
traffic control vendor within the County), only the newer systems and those currently under
design have the ability necessary to transfer data between different systems (including to and
from Caltrans). For example, Anaheim has expanded their user interface to capture Cadtrans data
for information purposes, and similar graphics capabilities are currently available to Irvine. The
use of “open interface” for data exchange, system control, and monitoring across different
hardware platforms is a new design element, but one which has emerged as a necessity within
the IVHS design. To a similar extent, the use of standardized communications is desirable
between central systems and different controller-types (e.g., NEMA, Type 170) and of different
manufacturers. However, with the multiplicity of agencies and controller manufacturers, this
requires a considerable effort on the part of the signal controller industry in developing complete

standardization
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35 IDENTIFICATION OF NETWORK ELEMENTS

Severa studies concerned with regional mobility within Orange County have been
performed over the last few years. The recommendations of these studies for improvement of
the transportation network have been used as a prime source of criteria for identifying an "IVHS

Network.” These studies include:

Super Streets (1984) - now known as Smart Streets
Smart Corridors (1990)

TOS Master Plan (1992)

TOC Study (1991)

In addition, numerous locally and regionally significant roadways and event areas are of
concern in development of the IVHS network. The addressing of locdized mobility problems
may still involve multiple agencies, however. Thus, the use of the existing GMAs to address
localized mobility problems and recommend appropriate IVHS strategies should be considered.

Exhibit 3.2 identifies localized mohility problems which necessitate further analysis.

3.5.1 - Smart Streets

The Smart Street (formerly Super Street) network was developed on the basis of its ability

to provide:

- freeway corridor replacements or freeway linkages
. additional capacity in freeway corridors
. high capacity arterias at regular intervals

These were prioritized based on:

existing and future daily vehicle miles of travel (VMT)
daily vehicle miles of travel per mile (VMT/mi)
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A Smart Street has been defined as a high-flow arterial which provides avariety of
measures which eliminate or reduce traffic conflicts. These include roadway geometric
improvements such as spot widening: pedestrian, intersection, and turning movement grade
separations; and traffic control elements such as signal coordination and removal of on-street
parking. Only four of the twenty-one original roadways identified as Super Streets are now
scheduled to be upgraded due to funding limitations. These roads, now termed Smart Streets,
are Beach Boulevard, Katella Avenue, Imperial Highway and the “ Street of Four Names”
(consisting of Edinger Avenue, Irvine Center Drive, Moulton Parkway, and Street of the Golden
Lantern). Additionally, a fifth road, MacArthur Boulevard, will be upgraded through a Separate
Program*

In addition to being planned as Smart Streets, portions of Reach Boulevard and Moulton
Parkway have been identified as alternate routes to freeways within Smart Corridors, as defined

in the Caltrans Smart Corridor Statewide Study (1990).

3.5.2 - Smart Corridors

To define target corridors which have been previoudly established for IVHS
improvements, the Smart Corridor Statewide Study developed for Catrans is a useful base.

Smart Corridors have been identified based on the following criteria

Presence of Freeway Congestion

Limited Freeway Capacity Relative to Demand
Altemative Parallel Routes

Accidents and Incident Rates

Part of Potentially Larger System

These projects generally include traffic-responsive signal system operations, aswell as
Closed Circuit Television (CCTV), Changeable Message Signs (CMS) and Highway Advisory
Radio (HAR). Operations of these elements on surface streets and freeways are coordinated
when necessary through the use of Expert Systems which identify appropriate response strategies.
However, most of the proposed roadways within the defined Smart Corridors are not yet

incorporated into projects.
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All Orange County freeways were reviewed for level of congestion and opportunities for

implementing Smart Corridor techniques. Reviews consisted of meetings with representatives
of regional and local agencies, capacity adequacy ratings as identified in the Caltrans Route
Segment Report, published annual congestion ratings, and additional available data.

Alternate routes to the freeways were selected in the Smart Corridor Statewide Study as
aresult of drive-through studies examining the mutes. The recommended Smart Corridors were
developed based on the above data and the corridors were prioritized by estimated benefit/cost
ratios. This priority is shown in Exhibit 3.3.

(The 1-5 prioritization takes into consderation the benefits to be gained from the current
freeway widening project within this corridor, and therefore received a lower ranking than
otherwise would have been expected)

3.5.3 - TOS Master Plan

Cdtrans District 12 has developed a Traffic Operation System (TOS) Master Plan which
details the existing, programmed (funding sources identified), and planned (no funding identified
to date) instrumentation of the County’s freeways. The defined freeway instrumentation, as well
asthe prioritization of development within the Master Plan, complements the development of the
transportation network as specified by the Smart Corridor Statewide Study. The resultant
Preliminary IVHS Network is presented in Exhibit 3.4.

In addition to the freeway segments specified as belonging to Smart Corridors, the TOS
Master Plan calls for instrumentation of the remaining freeway segments within the County
(Exhibit 3.5, Supplemental M-IS Freeway Segments).

3.5.4 - TOC Study/Tollroads

The Orange County Traffic Operations Center (TOC) Study served as a precursor to the
TOS Master Plan in identifying the required level of improvement to the freeway TOS.

In addition to addressing the freeway network, the TOC Study addresses the toll roads
planned for Orange County. The toll roads will not be explicitly identified for program
development within this study, as these facilities are currently being planned and constructed in
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3.6.2 - Causes of Delay

Delay and traffic congestion consist of two components, recurring and non-recurring
congestion.  Recurring Congestion refers to conditions which occur on a regular basis as a
function of normal daily travel patterns and transportation network constraints. Suchrecurring
congestion occurs during peak travel hours regardless of other elements which might add to the
traffic flow.

Non-recurring congestion refers to that congestion caused by elements or incidents
which do not occur on adaily basis. Many of these events are scheduled, and many including
sporting events (i.e., a Anaheim Stadium, Anaheim Arena), Construction, or seasonal traffic (e.g.,
beach traffic). However, much of the non-recurring congestion refers to unplanned incidents,
such as accidents or fuel spills. Theseincidents, particularly when they cause lane blockages,
have a significant effect on congestion. Based on a Incident Management study by
Cambridge Systematics (October, 1990), it is estimated that 52% of all delay (in vehicle-hours)
on freewaysis non-recurring. Similar data has been developed for surface streets.

Although recurring delay can be reduced through a number of “default” operations
strategies, including signal synchronization and ramp metering, non-recurring delay tendsto have
the most severe impact on the roadway network. Thus, the focus of delay reduction must
necessarily address incident-related and event-related congestion.

Clearly, most incident-related congestion occurs on the freeways. In fact, past
experiments in which a car was intentionally stalled in traffic on a surface street did not result
in significant impacts on traffic flow other than at a very localized level. Exhibit 3.7 shows a
typical distribution of reported incidents (stalls and accidents) five minutes or longer in duration.

Asillustrated in Exhibit 3.8, the roughly 20% of incidents more serious than a shoulder
disablement cause approximately 80% of all non-recurrent congestion.

Additionally, in Orange County, a number of event centers generate substantial local as
well as non-local travel. Exhibit 3.9 shows, by City, special event traffic occurring either year-
long, seasonally, or during the event duration. To summarize, the primary trip generators

include:
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concert with recent IVHS developments, and are being constructed largely with private funds
(with publicinput). However, as the toll roads are anticipated to play a mgjor role in the
County’ s mobility, they will be considered an important part of the overall M-1S network.

Exhibit 3.6 depicts the three Transportation Corridor tollways to be constructed and the additional

toll lanes to be added to SR-91. Not depicted is the toll road extension of SR-57 to 1-405 and
SR-73 (the Santa Ana River Viaduct), which is less advanced in development than are the
previously defined toll roads.

3.6  ASSESSMENT OF CONDITIONS

Traffic conditions on the roadway network and for local areas were evaluated on a global
as well as alocalized basis. For the purposes of this study, these served to reinforce the focus

of M-ISimprovements as per the strategiesidentified in Chapter 2.

3.6.1 - Quantifiable Measures of Effectiveness

Severa quantifiable measures of effectiveness (MOEs) were applied to the locations
identified above. The data reviewed included:

- Capacity adequacy asidentified in the Catrans Route Segment Report.
- Recurrent delay asidentified in the Catrans Annual Congestion Report.

- Volume, volume/capacity, and level-of-service as identified by the Orange
County Congestion Management Program (CMP).

- Volume, speed, vehicle miles traveled as identified by the OCTAM model
for 1987 and 2010.

No significant changesin the identified IVHS Network resulted from thisanalysis.

3. Analysis of Network 3-12



AR

Y
i ﬁ%nnlng

oRE
ansportation

CONGESTION MANAGEME&%QTMF?G
f




Exhibit 3.3
RECOMMENDED SMART CORRIDORS
IN ORANGE COUNTY

(From Smart Corridor Statewide Study, JHK & Associates, 1990)

FREEWAY

I ARTERIAL STREETS / ALTERNATE ROUTES

[-5 from Oso Parkway to
Euclid

Harbor Blvd., Euclid St., Bolsa Ave., Edinger Ave., Dyer Rd., Irvine Blvd.,

Red Hill Ave., Alton Pkwy., Irvine Center Dr., Moulton Pkwy., Muirlands Pkwy.,
Trabuco Rd., Marguerite ‘Pkwy., Oso Pkwy.

Route 22 from [-405 to
Route 55

Garden Grove Blvd., Westminster Blvd./I7th St., Bolsa Ave./1st St.,
Tustin Ave.. Seal Beach Blvd.. Bolsa Chica St.

Route 55 from 1-405 to
Route 91

Lincoln Ave., Tustin Ave., Red Hill Ave., MacArthur Blvd.

Route 57 from I-5 to
Route 90

State College Blvd., Imperial Highway, I-5 Freeway

Route 91 from Imperial Highway to
Beach Boulevard

Orangethorpe Ave., La Palma Ave., Lincoln Ave., Beach Blvd.,
Santa Ana Canyon Rd.

[-405 from Route 22
to I-5

Bolsa Ave./1st St., Edinger Ave., Warner Ave., Talbert Ave./MacArthur Blvd.,

Irvine Center Dr., Jeffrey Rd., University Dr., Route 22 Freeway
Route 73 Freeway
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Pacific Amphitheater - El Toro Air Station
Orange County Fairgrounds : the Pacific Ocean
Irvine Bowl (Laguna) - Disneyland

Knotts Berry Farm - Anaheim Stadium
Irvine Meadows - Anaheim Arena
UC Irvine : CSU - Fullerton
Shopping Malls

The majority of these event generators are located within identified Smart Corridors
and/or aong designated Smart Streets.

3.7 PUBLIC TRANSIT AND CARPOOLING

Alternate transportation modes (bus, rail, carpools) were explicitly considered in
conjunction with the identified M-1S Network as were bus and high occupancy vehicle(HOV)
facilities considered as stand-al one components of the network. Information regarding current
and planned transit services was gathered from OCTA publications.

The existing and planned intercounty bus routes are heavily reliant upon the identified
IVHS Network and consequently, the Orange County Transit Authority’ stransit operations center
has been identified as an information center in conjunction with the Smart Corridors.
Additionally, the commuter rail lines and HOV lanes are similarly consistent with the identified
Smart Corridors, and thus the IVHS Network.

Alternate transportation modes are discussed in greater detail in Chapter 9, “ The Master
Plan,” and in the “ Action Plan” which accompanies this document.

3. Analysis of Network 3-18



Accident, other
(6%)

Accident relocated
to shoulder
(16%)

Stall in lane
(42%)

Accident in lane
(17%)

/

Stall, other
<1 %)

Stall on shoulder (19%)

Exhibit 3.8
Typical Causes of Non-Recurrent Delay
(Incident-Related)




Jhk & associates

EXHIBIT 3.9 SPECIAL-EVENT TRAFFIC BY CITY

Duration of Heavy Special-Event Traffic

City Year-Long Summer <3 weeks per Little or No Traffic
Event Generated
Anaheim Stadium
Convention Center
Disneyland
Arena (1993)
Buena Park Knott's Berry Farm Beach
Westminster Little Saigon Tet Festival
Garden Grove Little Saigon Strawberry Festival
Shakespeare
Festival
Huntington Beach Beach 10K runs
Laguna Beach Beach Sawdust Festival
Newport Beach Beach Decorated boat
Cruising parade
Other festivals
Costa Mesa Pacific Amphitheater Orange County
Beach Fair
Christmas
shopping,
South Coast Plaza
Seal Beach Beach Volleyball
tournaments
Sandcastle contest
Dana Point Beach
Laguna Hills Christmas
shopping,
Laguna Hills Mall
Santa Ana Christmas Parades
shopping,
Main Place
Yorba Linda Nixon Library Fiesta Days
events Bicycle races
Brea -
Cypress Los Alamitos
Racetrack
Fountain Valley Mikes Square
Park events
Fullerton CSUF sports
Irvine UCI Special Events Wild Rivers El Toro Air Show -

Irvine Meadows
Amphitheater

Laguna Niguel

La Habra

La Palma

Los Alamitos

Mission Viejo

Orange

Placentia

Heritage Days Parade

San Clemente

Beach

San Juan Cap. Beach
Stanton ---
Tustin Parades, Races

Villa Park
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4. INSTITUTIONAL ISSUES IN IVHS IMPLEMENTATION

41  INTRODUCTION

This chapter identifies the institutional and operational issuesin Orange County as related
to transportation management, communications, transportation planning and overall transportation
responsibilities. The key issue is the extent to which interagency cooperation is required and the
roles which various agencies must play in thisregard. It was determined at an early stage of the
process that many of the defining characteristics of an IVHS system architecture would depend
upon thisinstitutional structure.

4.2  DISCUSSION OF ISSUES

In order to identify institutional issues relative to the deployment of M-IS, face-to-face
interviews were conducted with, and follow-up questionnaires distributed to, the following:

- 31 Local Cities(Listed in Appendix A-I)
- Region-wide Agencies within Orange County (Listed in Appendix A-2)

Caltrans District 12

OCTA

Orange County Environmental Agency (OCEMA)
Others

- Neighboring Agencies (Listed in Appendix A-3)

Caltrans Districts 7,8 and 11

Long Beach Transit

Los Angeles County Metropolitan Transportation Authority (LACMTA)
Others

- Private Sector (Listed in Appendix A-4)
Event Centers (tourism, sports, convention)

Shopping Malls
Major Employers

4, Institutional Issues in IVHS Implementation 4-|
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Consensus

- Use of a pre-emption for transit vehicles was perceived to be of little benefit, due
to the frequent stops required for transit vehicles.

It was suggested that a regiona preemption demonstration project or perhaps a computer
modeling effort, is needed to prove the effectiveness of pre- emption as atraffic management tool.

4.2.2 - Incident Management and Freeway Construction Projects

Most of the agencies raised issues of concern with respect to incident management:

Local-Level Comments

- Citieswould like to see Caltrans take the initiative in approaching the Cities in
order to accomplish joint incident management strategies.

- Cities would like improved information about both freeway construction projects
and incidents on the freeway in terms of their impact and duration.

Reqgional-L evel Comments

- Better coordination and planning between agencies and cities is necessary to
ensure that all parties understand roles and responsibilities for incident
management. Planning is also necessary to address diversion routes.

California Highway Patrol (CHP) is interested in the use of enhanced or new
technologies that will help improve incident response time. However, due to costs
and the reliability of some sources, the current policy of verifying an incident
before emergency vehicles are dispatched must prevail.

- Additiona written agreements defining procedures for incident management are
not wanted and may, in fact, lessen the ability of responding agenciesto deal with
an incident in the most responsive manner.

4. Institutional Issues in IVHS Implementation 4-3
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- Cities desire ameans to improve the interagency negotiation process with Caltrans
in agreeing to the content of CM S and HAR messages and any special permits
associated with ramp restrictions, roadway closures, or other areas of coordination.

- CMS and HAR messages are subject to two major local concerns. One is how to
structure messages for effective communication to motorists. The other is whether
messages should be used for non-traffic messages (i.e., promoting the local
economy by offering information about local commercia attractions).

Most of the regional agencies believed that special events are handled adequately, but they
did have suggestions for the resolution of the issues raised. The issues and recommendations

included the following:

Reqional-Level Concerns

- Agreements are beneficial, but not necessary as long as every affected agency is
involved in the planning of an event. A standardized notification procedure for
specia events would most likely overcome the few problems that do occur; and

- Lead agencies should be identified for all specia events. For consistency, and due
to the local nature of many events, most indicated that the cities should be the
lead agencies in the planning of special event traffic management.

HAR is a system which is plagued by poor transmission quality, poorly scripted
messages and a lack of real-time information; and

- Caltrans, while recognized as the best regional source for real-timeinformation,
is not perceived as being the best entity to operate HAR.

- OCTA may follow-up on the efforts of Calrans District 11 (San Diego area) to
privatize the real-time broadcast of HAR. The success of this effort may set a
precedent for the operation of HAR in other districts. District 12 currently is
using a private contractor to broadcast HAR messages as well, except these are
generaly not done in response to real-time congestion.

- CMS must prove its credibility by providing information when and where it is
most useful, and in a format that is easily understood;

- The public may not be open to the idea of CM S on surface streets, especially near
residential neighborhoods.

4. Institutional Issues in M-IS Implementation 4-5
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- Creation of an M-1S leadership group supported by OCTA. This would probably
need to be formed from within the existing committee structures. It would need
to draw on both technical and policy expertise and would be accountable to the
TAC. The mission of the group ought to be to take the initiative and act as a
catalyst for promoting MIS policies. The group would be responsible for taking
apro-active role in improving relationships and understanding between the cities
and Caltrans.

C. Lead Agency

D. Caltrans

- The Cities desired that Caltrans consider a means of improving communications
and understanding between staffs of Caltrans and the Cities. A proposed option
would be for them to form a small group of technical staff with good
communications skills who would begiven an extended mission of working with
the cities on a project basis. The intent would be to foster understanding on both
sides and find innovative solutions which would alow the full implementation of
the capabilities of IVHStechnologies. (Note: Caltrans has recently proposed a
liaison to work with local agencies.)

E. Discussion of Hardware

- The Cities desire an improved information flow on advancements in hardware and
software, including costs, maintenance information and interagency compatibility.
OCTA, through the Signal Roundtable, should provide the leadership role in
providing information to agencies, and assisting the Cities in providing the ability
to share traffic information (either importing or exporting data).

Reqional-Level Comments

- Regional-level concerns about exchange of traffic information vary depending on
the agency. OCEMA is supporting the development of a standard data exchange
process between traffic control systems, working with manufacturers as necessary
in development of standard data links. Caltrans supports the use of Type 170
Controllers at the local level as a means to standardize traffic control and field
communications.
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- Perception of local agencies is that providing buses with real-time data or
information for riders, as well as quipping buses with Automated Vehicle
Location (AVL) probes to ascertain location, would require monitoring and control
systems which are beyond the current capabilities of local agencies.

Reqgional-Level Comments

- OCTA expressed an interest in coordinating transit information and sharing this
information with other agencies. In turn, the OCTA transit operations center
would utilize real-time traffic operations data to assist in managing transit.

- A strong interest exists in incorporating commuter rail information, including

schedules and real-time train location, into any traveler dissemination capability
proposed.

4.2.6 - Air Quality and IVHS

In short, the South Coast Air Quality Management District (SCAQMD) will be supportive
of any measures which are going to have a positive impact on traffic flow and resulting vehicle
emissions. They will also be supportive of any public information which helps commuters
choose not only the least congested route, but more particularly information which helps
commuters select an alternative mode of transportation.

4.2.7 - Commercial Vehicles

As most commercia traffic in Orange County is related to trucks on freeways as well as
some rail freight, the perception was that commercial transportation (freight and fleet
management) could be best handled through federal and statewide programs. The only local-level
issue arising from commercial vehiclesinvolves mobility in communities bordering industrial
areas. For example, the City of Buena Park is specifically concerned about overnight truck
parking. Thisissue arises due to the lack of truck stopsin the Los Angeles/Orange County area.
Improved traveler information capabilities would be useful in this regard, particularly those
tailored to commercia vehicle operations.
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- Overadl, shopping mall management did not perceive a great need for IVHS
projects. However, they might participate in an IVHS project if it could be
demonstrated to benefit their facilities.

- The employers were interested in certain aspects of MIS, but felt that most
elements were not appropriate at the work site. One employer was concerned that
many M-1S elements discouraged ridesharing which is the opposite of their goal
for meeting the AQMD's employer traffic mitigation policy (Regulation XV).

- Comments concur on the importance of the commercia radio broadcasts.

4.3.3 - Summary of Media lIssues

A number of radio and private traffic information services were contacted, and the
interviewees expressed the following:

- The public who listen to the commercial radio stations for their traffic information
will benefit directly from any improvements that can be made to those broadcasts,
from improvements in the quality of data available to the traffic information
services. Encouraging yet further cooperation between Catrans and these agencies
working as a public private partnership would seem to be of benefit to al
concerned.

- Broadcasting traffic information effectively in an understandable and useful
manner is atask for professional broadcasters. It isatask that will become only
more challenging if route advisory information were to be added to it.

- It istoo early to evaluate some of the route advisory systems but their usefulness
in principle, seems evident.

4.4  IMPLICATIONS FOR DEVELOPMENT OF IVHS PROGRAMS

The interviews conducted by the Project Team raised several key points that have
implicationsfor the design of the overall IVHS architecture for Orange County. The following
represents a “ consensus’ with regard to the issues presented above, such that the M-IS programs
can accommodate the institutional concerns and agency structures.
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Needs and interests vary greatly city-to-city

Cities throughout the County have reported a wide range of capabilities that reflect their
varying needs. Amahem, with Disneyland, the Stadium, Arena, and convention center, manages
heavy vehicle and pedestrian traffic on an on-going basis from a centraized Traffic Management
Center (TMC). A number of other communities are primarily residential, and their only traffic
concern is reserving their streets for local traffic.

The agencies wish to maintain their autonomy

No agency in the County expressed interest in turning over all transportation management
to a single County-wide control facility, although there was general interest in exchanging
Countywide information. An example of this was the subject of signa pre-emption for
emergency vehicles. There were varying levels of interest in preemption, but an underlying
assumption is that thisis a local issue since the emergency vehicles operate locally. (The
exceptions are for those cities that contract to Orange County Fire Department for emergency
services.) The point was made repeatedly that it is neither necessary nor desirable to coordinate
the entireregion. For example, the timing of synchronized signalsis driven by the most critical
intersection in the system, which means operation in areas remote from that intersection will be
suboptimal. The Katella Avenue Coordination Project, one such interagency optimization
program, has succeeded by coordinating local systems rather than by providing overal control
of the entire length from one central facility.

A major desire in maintaining autonomy isto maintain control over selection of traffic
signal controllers and central control systems. Many cities are satisfied with the sole-source
procurement process, and felt that any sharing of control capabilities and information needs to
be done through working with the manufacturers.

44.2 - Wish Ligt

The agencies expressed interest in several types of program elements to be incorporated
into Countywide M-IS programs.
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Interjurisdictional cooperation

The success of synchronized signal projects has interested agencies in furthering
cooperation across jurisdictional lines. Many agencies are concerned about instances in which
traffic was diverted from another jurisdiction and they were not notified. They would like to see
a better integration of freeways and surface streets, with advisories (CMS, HAR, media)
presented on one roadway when problems are on another (e.g., construction on Beach Boulevard,
suggest dternate exit: accident on freeway, suggest alternate route to next on-ramp).

Local information (e.0.. portable CMS for beach parking

Severdl cities have local traffic problems that could be supported by better traffic
information dissemination capabilities. In particular, the beach communities want to be able to
direct the often heavy beach traffic to parking areas. There are also occasional special events
that could benefit from enhanced local traffic information.

4.4.3 - Constraints and Concerns

The agencies expressed concerns on limitation which could impact their ability to support
or contribute to a Countywide IVHS implementation.

Very limited staffs for operations and meetings

All of the agencies work with very limited staffs. A number of cities are fiscally
constrained from hiring additional staff. Some cities have a traffic enginesring department
consisting of only one person. A number of agencies contract their traffic engineering services
to consultants, some of which work for multiple agencies. In addition to day-to-day operations
and planning, there are many meetings of various groups. There is widespread concern that the

IVHS architecture may require the formation of yet another committee.
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4.5.2 - Decision Aids to Ease Operator Workload

The limited staffs indicate a design requirement to make the Operator’s job easier. This
means that the data must be easily interpretable, and that the system monitor itself, aert the
Operator through alarms or messages (freeing the Operator to concentrate on his other jobs), and
make recommendations utilizing a decision support apparatus such as an expert system. For
example, Caltrans TOS Master Plan states, “ One problem ramp meter operation presentsisto
have sufficient personnel with the required expertise to monitor, update and change the operation
of ramp meters.” The intent would be for this expert system to incorporate the necessary
expertise to take over much of this type of work and free up the personnel.

4.5.3 - Universal and Automated Sharing of Graphical Traffic Information

Currently, traffic information is passed on an ad hoc basis. To ensure that all interested
parties get the information they need, the system should collect all data and disseminate it
automatically. In that way, all agencieswill receive the information about, say, an accident in
an adjacent community, even if the responsible agency is too busy to notify them. It is
recommended that this information be presented in a graphical manner for ease of interpretation.

4.5.4 - Local Needs Vary and thus the System Must be Flexible

The needs of the local areas vary greatly, and the corresponding traffic centers should be
built to meet these needs. This indicates a flexible structure that accommodates major traffic
management centers as well as smple control of a small number of signals. Further, rerouting
capability makes sense only where there are aternate routes of sufficient capacity.

4.5.5 - Provision for Sharing or Remote Monitoring (off-hours or in the field)

Because of limited staff, traffic monitoring is not done 24 hours a day, or even during all
normal work hours. Traffic staff are often working out in the field. It may be mutualy
beneficial if cities could agree to trade off monitoring of each other’ s areas, possibly allowing
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mutual control, and/or notification in the field This should be supported by a means of paging
or otherwise contacting people in the field and giving them access to system information.
Furthermore, the capability to take over monitoring and/or control of other areasis important for
emergency preparedness (e.g., in case of a major earthquake).

4.5.6 - Ongoing Technical Advice and Evaluation Needs to be Included

An important part of the overall IVHS implementation will be input on technological
advances and trials of new products throughout the country. A specific person at the regional
level could be designated to make recommendations as the system evolves.

4.5.7 - The Institutional Issues Outweigh the Technical

As seen above, the technology issues for “smart roadways’ (though not yet “smart cars’)
are all solvable. While the technology will evolve, and more cost-effective solutions will become
available, reasonably priced products exist now. On the other hand, the issues of sharing
information and control are complex and the solutions are not obvious.
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Do the benefits justifv the costs?

There is concern that an M-IS architecture could be high-technology “ window-dressing”
and will not improve traffic. Money isamajor constraint and agencies are concerned about
measurabl e benefit relative to the expense. There is also concern about operational costs in terms
of training and operations, and that overly complex equipment could make response slower and
more difficult. Vandalism, maintenance, and reliability need to be taken into account.

If capacity isinsufficient, shifting it will not imrove things

In some areas, there are no viable alternate routes; either there are no parallel roadways,
or the parallel roadways are congested. In such cases, it is agreed that any attempts to reroute
traffic will only lead to motorist frustration and will not help congestion. A number of agencies
feel it is unnecessary to present information that says a roadway is congested when it is obvious
to the traveler, and there is nothing that can be done with the information. There is also concern
about providing all travelers with the same information, thus shifting all traffic onto another
roadway which is then at least as congested as the previous one.

45  IMPLICATIONS FOR ARCHITECTURE DESIGN

The institutional issues discussed above have major implications for I'VHS program
development. It is apparent, in fact, that the institutional needs have a greater impact on the
IVHS architecture than does the future direction of 1VHS technology. The following are the

major implications of these issues on the design of the architecture.

4.5.1 - Regional Control with Global Coordination

Thereison one hand a very strong interest in local control, and on the other interest in
information about and coordination with other jurisdictions. This says that the architecture should
support direct control (e.g., signa timing) at the local level, while allowing all access to county-
wide information, and supporting coordination across jurisdictional lines.
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Technical assistance and advice

Severa agencies are interested in learning more about advanced technologies and trials
of new equipment. There seemed to be an interest in developing and improving projects, but
many agencies feel they do not have the background nor the time to evaluate the options. Itis
felt that additional resources available outside the local agency (e.g., at the OCTA or Cdtrans

level) would be desirable.

Real-time notification regarding incidents that affect them

Traffic diversions on the freeway, a specia event, or major construction in a neighboring
city are examples of events that potentially impact traffic on surface streets and freeways.
Notification of al agenciesinvolved or impacted concerning these eventsis essential to providing
responsive real-time traffic management.

Improved signal control and coordination for enhanced flow

The main concern of the citiesis surface street flow. The agencies mainly enhancethis
flow through coordinated signal control, often with centralized monitoring or control facilities.
The cities are aware of the benefits accrued from coordinating across city lines and are interested
in expanding it where appropriate. There is also some interest in traffic-responsive signal control
based on real-time conditions.

System monitoring

Timely notification of equipment failures, congestion, and incidents would enhance traffic
operations. Often, agencies do not know about system failures or specific events until they are
notified by the police or mafunctions are identified in the field by maintenance staff.
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4.4.1 - Interagency Concerns

Cities can and do work together

The coordination across city linesthat will be necessary for the successful operation of
the system is already underway in several areas. A prime example is the Katella Avenue signal
synchronization project. The citiesinvolved (Anaheim, Garden Grove, Stanton, Los Alamitos,
Cypress) consider it a success and a good learning experience, and the Cities in general are
interested in more projects of this type. The major problems were in reaching agreements on
how to coordinate. While there were some instances of inter-city disputes, generally involving
funding (i.e., obtaining traffic mitigation funds from neighboring expanding communities), there
were many more success stories of shared resources and coordination.

The cities want more information/cooperation from Caltrans

Although severd of the citiesfeel they have good working relationships with Caltrans,
a number are concerned about notification from Caltrans concerning real-time diversions onto
local streets as a result of incidents. There have been reported instances in which Caltrans failed
to notify them of incidents and resultant traffic diversions, even though the Cities were ready and
able to handle traffic diverted from the freeways onto their streets if they had been notified
Some also said that it is difficult for the cities to reach the appropriate people at Caltrans. In
addition to better, more timely information flow, they would like the cities needs to be better-
addressed in Caltrans' plans, for example, the effect of restrictive ramp metering rates on city
streets. Also, the Cities have information that is useful to Caltrans (e.g., surface street
construction that is causing a backup on the freeway) that they would like to share. Thus the
need for interagency coordination on an institutional as well as real-time operations level
emerges.
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43  PRIVATE SECTOR ISSUES IN IVHS IMPLEMENTATION

In this section, the intent is to assess the role of the private sector of their needsin the
area of traffic information. Also evaluated is the extent of their need for improved information
flows aswell as the means to make real-time information more readily available at the major trip
generators.

A secondary task in the private-sector interviews was to provide information about the
potential elements of 1VHS. Representatives of, and spokespeople for, the management of a
number of major event centers in the County were contacted and interviewed. TWO local
Transportation Management Associations (TMAS) were represented as were a number of large,
geographically diverse employers. The media proved to be extremely interested in the topic of
IVHS and interviews were held with anumber of commercial radio stations and private suppliers
of traffic information.

4.3.1 - Summary of Event Center Comments:

Event centers, including Disneyland, Anaheim Stadium, and other sites were represented.
To summarize:

- The event center interviewees had an overall favorable attitude towards the use of
IVHS technologies. They seemed very cooperative and willing to work with new
ideas.

- They currently work to coordinate traffic management with the cities and with
Caltrans but are probably limited in the use that they could make of real time
information at their sites.

- As with other groups they feel that commercia radio plays an important role.

4.3.2 - Summary of Commuter and Retail Traffic Issues

Managers of retail centers and employer transportation coordinators were interviewed, and
expressed the following:
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- Agreements are needed for specific agency roles and responsibilities in traffic
management, especially along corridors where diversion routes are not easily
identified and incidents affect multiple jurisdictions. This is in contrast to
regional-level comments on incident management in which there was a desire to
minimize the paperwork.

- Agencies are concerned with the costs and liabilities associated with assisting in
traffic management and incident response outside of their jurisdictions.

- Cdltrans prefers to work with groups of agencies rather than individual agencies,
in terms of developing interagency traffic management strategies.

- CHP and Caltrans were considered to be best suited to serve as lead agencies due
to their regional authority and access to real-time traffic information.

- It was felt a principal contact person within each agency would benefit

interagency cooperation. It is noted that Caltrans has prepared such aliaison to
work with local agencies.

4.25 - Transt and IVHS

With the exception of the Central County area (Santa Ana, Anaheim, etc.), transit
ridership isrelatively low throughout the County. However, new services are being devel oped
that will enhance transit availability and service frequency.

I ssues discussed with regard to public transit and M-IS are presented below:

Local-Level Comments

- Real-time schedule information will be useful where transit is responsive to local
needs. It would only by when sufficient service is provided relative to travel
demand that agencies felt it would be feasible to present transit information on a
widespread basis.

The schedules and operations of carriers originating outside Orange County (e.g.,
LACMTA, Riverside Transit, Long Reach Transit) should be coordinated with
OCTA operations, both at destinations within Orange County and at transfer points
between lines. Thisalso would require, if transit information is disseminated, that
asimilar level of relative information be available from the neighboring transit
agencies.
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4.2.4 - Interagency Traffic Management

The topic of interagency cooperation raised a great many issues. Most importantly it
identified variousneeds of city staff as well as focusing on questions of |eadership and means
of improving interagency communication. Most comments in this regard came from local-level
agencies.

The following identifies the most important elements identified by the agencieswhich
would help promote efforts to improve traffic management through IVHS and which would
strengthen interagency cooperation.

L ocal-Level Comments

A Information Needs

- There is much interest in the results of evaluations and monitoring of signal
coordination projectsincluding costs and benefits over short and long run. This
should include not only green wave progressions but also area based timing
strategies.

- City staff desire to be kept up to date on evaluation results of IVHStest and pilot
programs (e.g., CMS, booths and kiosks, transit vehicles as probes, etc.)

- A valuable resource would be to develop and maintain a data base on IVHS
hardware and software applications to include information on both purchase and

maintenance costs, compatibility with other systems with notes on any constraints
or limitations.

B. Staff Support

- Assistance to city staffs through technical support with regard to IVHS
technologies including preparing grant applications.
- Technical assistance to city staffs which will promote coordination with Caltrans.

- Availability of portable changeable message signs to cities for specia events and
seasonal congestion problems.
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In general, it was felt that the focus should be on cities where freeway construction is
occurring, and also that have the staff and equipment to enact appropriate incident response
strategies.

4.2.3 - Special Event Traffic Management

Orange County is home to many events during very heavy traffic. As was summarized
in Exhibit 3.9 (Chapter 3), events range from regularly scheduled sporting events to annual
events, with tourism and recreationa travel accounting for seasonal surges in traffic flows,
particularly on weekends. Largely, however, specia event traffic tends to be concentrated in
specific areas (e.g., Anaheim, Costa Mesa/Newport Beach area, approach routes to the Ocean),
and not uniformly throughout the County.

Local-level and regional-level comments focused on both interagency traffic management
aswell as use of specific devices. These are discussed below:

Loca-Level Comments

- Local agencies greatly prefer autonomy over selection of traffic signal controller
manufacturers and systems, based on local needs. Nineteen cities currently use
Multisonics VMS central equipment and Multisonics controllers. Agreed that
exchange of traffic information at system level is essential but does not require a
single county-wide standard for signal controllers.

- Use of fixed, permanent Changeable Message Signs (CMS) to direct traffic, such
as those being utilized in Anaheim near Disneyland and the Convention Center,
are most appropriate for locations with heavy specia-event traffic through the
year. For more seasonal or infrequent events, the use of portable CMS's may be
more practical. A pool of portable CMS sfor use by the different citieswould
be useful for specia-event traffic management. At issue is who would fund,
acquire and maintain the equipment.

- Increased use of Highway Advisory Radio (HAR) is restricting the availability of
frequencies (e.g., Caltrans, Anaheim and Santa Anahave or will soon have HAR
stations). There needs to be some control on allocation of the frequencies.
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The results of the interviews were assessed by type of respondent, and complete results
developed for local and regional concerns, with additional input from neighboring and private
sector entities.

Based on these discussions, a summary of each of the institutional issues is presented in
the following sections, in terms of concerns, overall constraintsand “ wish lists” for consideration
in the County-Wide IVHS architecture.

4.2.1 - Signal Pre-Emption for Emergency and Transit VVehicles

Many of the agencies interviewed commented that signal pre-emption is not anew idea
or what they would consider IVHS technology. However, upon further discussion, they indicated
aneed for thisissue to be addressed since traffic signal operations and equipment are an integral
part of the overall traffic management system. Based on the interviews, the following
summarizes the key areas of concern on the part of the agencies interviewed:

L ocd-Levd Comments

- Citiesas awhole do not support a county-wide signal preemption policy.
- Pre-emption can be disruptive to signal coordination

Regiond-Level Comments

- The benefits and costs of signal pre-emption are not proven and, before it is used
on a larger scae, the effects must be evaluated.

- Pre-emption should be evaluated on a regional or corridor basis and approached
as a cooperative effort of al affected agencies/jurisdictions. The superstreets were
suggested asideal corridors for the use of pre-emption.
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5. SYSTEM ARCHITECTURE AND RECOMMENDED ELEMENTS

5.1 INTRODUCTION

To carry out the required global transportation strategies, in light of the institutional and
technical constraints identified in Chapters 2 through 4, this Chapter reviews a number of
candidate solutions and system configurationsin light of the overall system goals and objectives,
and recommends an overall architecture for Countywide IVHS implementation.

52  DISCUSSION OF CONSTRAINTS

Chapter 4 provided an in-depth discussion of the implications of institutional issuesin the
development of the system architecture. The conclusions reached were:

Local Traffic Management Autonomy is desired, with two-way communications
added to allow coordinated operations.

- Limited staffing at local level means the IVHS architecture must provide the
capability to develop strategies, monitor itself, and provide local agency staff with
al the information needed to make a transportation operations decision readily.

- Automated sharing of traffic information between agencies is desired.

- IVHS Architecture should accommodate both large centralized system operations
and smaller systems.

- Sharing of Central or Remote Operations may be desirable given limited staffing,
provided the appropriate agreements and responsibilities are defined.

- These needs to be support at the regional level on advancements in technology as
well as maintenance issues.

Other issuesrelated to travel er information and user-orientation are as follows:

- Traveler information needs to be made readily available to the public. This
information should include real-time in nature, and specifically include rea-time
trangit location, including rail arrival times, estimated bus arrivals (where
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possible).

- The system should provide maximum flexibility for responding to events,
including providing real-time information to travelers on apre-trip and en-route
basis, through either infrastructure-based (i.e., sgnage) or vehicle-oriented (e.g.,
in-vehicle devices, Highway Advisory Radio (HAR) broadcasts, other means)
methods.

- To accomplish the above, the system will require a flexible communications
network that provides agency-to-agency, agency-to-roadway, and vehicle-to-
roadway communications capabilities at the minimum.

- The primary focus of the IVHS architecture needs to be on implementation of
near-term elements, such that flexibility for expansion of the system to
accommodate more advanced technologies can be implemented at an early stage.
Although general guidelines can be developed for a 20-year horizon, it is difficult
to ascertain the specific technologies that will be in place or when they will be
devel oped.

53 MEASURES OF MERIT (MOMSs)

MOM s represent quantities which can evaluate how well an IVHS architecture is working.
Although Chapter 11 provides a more detailed evaluation of the recommended architecture,
MOMs are shown here to provide the basis used for selecting various elements for inclusion into
the IVHS architecture, particularly with regard to near-term programs. Those solutions with the
greatest potential effectiveness represent major elements of the IVHS programs.

The following MOMs were selected based on their ability to be measured, and are
presented below:

- Travel times/average speeds for representative origin destination pairs The most
basic measure of movement of people and goods.

- Vehicle-Hours of Delay (Recurrent and Non-recurrent Congestion). Measurement
of successin determining benefits, since costs can be associated with a vehicle-
hour of delay. Delay here is defined as the additional time required for a single
vehicle to travel due to recurrent stoppages (i.e., signal operations or capacity
constraints) or due to an incident (non-recurrent congestion).

- System Life-Cvcle Costs.  Include capital expenditures, engineering costs,
installation, operation and maintenance.
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- Accident Totals and Severity. Information on accidents is readily available.
Estimated reductions based on evaluation of more widely-used elements such as
ramp metering. Accident reductions due to in-vehicle sensors and other warning
and correcting devices are not yet known due to their relatively narrow
applications to date.

- Mode Split. Useful for evaluating policy decisions to increase use of public
transit and High-Occupancy Vehicles (HOV). Difficult to predict since it assumes
acertain level of flexibility for Orange County travelers in selecting aternate
modes.

- Reduction in Emissions and Fuel Consumption. These measures are direct
measures which impact quality of life considerations. They can be calculated as
afunction of reductions in vehicle-hours of delay as well as based on vehicle-
miles traveled.

54  ARCHITECTURE EVALUATION

This section presents an evaluation of three alternative organizational structures for a
Countywide IVHS architecture. The structures are evaluated in terms of specific criteria
representative of the system goals and objectives as well as various system constraints. The
recommended structure is then selected, and serves as the basis for organization of the system
elements identified later in this Chapter.

5.4.1 - Alternative Structures

With the overall focus being driven by institutional issues and the need for multi-agency
coordination and dissemination, an organization-based architecture was identified. Three
candidates were selected for evaluation, and are illustrated in Exhibit 5.1.

Centralized architecture. This concept treats the county as a single multi-agency “Smart
Corridor.” Thereisacentral Traffic Operations Center (TOC) that collects data, analyzes it, and
controls all aspects, including signs, ramp meters, and surface street signals. It has the advantage

of an economy of scale and the avoidance of delays or m& communications due to poor
coordination.
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Comparison of IVHS Organizational Structures
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Decentralized architecture. This is essentially the structure currently in place. Multiple

agency or city Traffic Management Centers (TMCs) monitor and control roadways under their

jurisdiction with a Traffic Operations Center (TOC) handling freeways. These centers are fairly
autonomous, and communications between them are generally ad hoc using voice telephone, with
a handful of agency interties for graphical traffic information. This has the advantage of
flexibility, responsiveness to local needs, compatibility with organizational structures, and ease
of transition.

Hybrid architecture. This structure has both the local Traffic Management Center (TMC),
for local monitoring and control, a freeway Traffic Operations Center (TOC), and a county-wide
multi-agency Traveler Information Center (TIC) for fusion of status data, major incident
management, and control at a county level as appropriate. Thisis al tied together using
automated data sharing. This has the advantage that information is shared globally without
sacrificing the current local capabilities.

5.4.2 - Criteria for Comparison _of Alternatives

To provide amore specific basis for comparing the three aternatives than possible
through assessment of global goals, transportationobjectives and strategies, criteria were selected
which address functional and institutional requirements of the IVHS architecture as well as the
goals.

The criteria are as follows, and relate to the global transportation strategies as illustrated
in Exhibit 5.2:

Interagency Relationships
Dissemination to Public

Information Sharing Between Agencies
Smart Corridor Strategies

Local Traffic Strategies
Expandability/Flexibility

The criteria above provide an equitable, but by no means perfect means of summarizing
the requirements of the strategies. It is apparent that some strategies (notably Congestion
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Exhibit 5.2
CRITERIA FOR IVHS ARCHITECTURE STRUCTURE SELECTION
BASED ON ORANGE COUNTY TRANSPORTATION STRATEGIES

Criteria

Strategy

Interagency
Relationships

Dissemination
to Public

Information
Sharing
Between
Agencies

Smart
Corridor
Strategies

Local
Traffic

Strategies

Expendability /
Flexibility

Manage Congestion
- Recurrent

- Non-Recurrent

Reduce Traffic
Turbulence

Develop Decision
Support & Response
Mechanisms

Manage Incidents
- Detection/Verification

- Response

- Rapid Removal

Provide TDM Tools

Inform Travelers
- Pre-Trip

- En-Route

P .
vo R#

Support
Technologies
to Enhance Safety

Provide Full
Accessibility for All
Travelers

Provide Info &
Accessibility for All
Agencies

Develop Features
to Enhance
Maintainability &
Cost Effectiveness

Develop Facilities &
Technologies to
Reduce Emissions,
Energy Use and
Noise
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Management, Incident Management, and Traveler Information) are easier to satisfy through an
IVHS architecture than other strategies.

The criteria above were thus utilized as the basis for an architecture trade-off comparison
in the following section.

5.4.3 - Trade-Off Analysis

Trade-offs between the three architecture structures were evaluated and are presented in
Exhibit 5.3. These are further summarized below:

- Centralized Architecture. This alternative has the advantage of enacting control
and information strategies from one locale, which negates various institutional
issues associated with traffic operations. However, it requires replacement and
standardization of all local control equipment and the devel opment of an extensive
and costly countywide communications capability that is focused on a central
Traffic Management Center (TMC) for freeway, surface street and transit
operations and information. The system by nature is not as responsive to local
traffic issues (due to its remote location and autonomy separate from the local
agency). Hence, it is not ingtitutionally acceptable. Furthermore, there would be
no sharing of information, nor sharing of communications capabilities between
more that one facility. Therefore, a magjor system or power failure or incident at
the facility could potentially impact all Countywide transportation operations, due
to lack of redundancy.

- Decentralized Architecture. As discussed above, this closely corresponds to
existing operations in Orange County. The current situation protects the autonomy
of local agenciesin control and management of their traffic operations, with
agreements between agencies based on joint project interests and as required due
to specific construction projects or events. Such a structure by nature is not
consistent throughout the County, and is heavily dependent on existing working
relationships. The existing systems provide the potential for different information
sources to be available, but do not provide a capability for a consistent source of
travel information Countywide for dissemination to the traveler. Furthermore, the
ability for joint agency responses to a rea-time traffic condition is constrained by
current system capabilities as well as the status of the agency relationships.

- Hybrid Architecture, The hybrid provides the capability for agencies to retain
autonomy over current responsibilities, yet provides an infrastructure in which the
systems can communicate appropriate traffic or transit information and decision
support information. The heart of this architecture is a“Traveler Information
Database” (TID) which is capable of receiving information from all freeways,
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EXHIBIT 5.3
IVHS ARCHITECTURE

TRADE - OFF COMPARISON

Criteria Centralized Decentralized Hybrid
Interagency Not a Factor. Full agency autonomy. Local control, but

Relationships

All control centralized

Agreements between
agencies as desired.

dedicated interagency
communications and
relationships

Dissemination
to public

One source.

Many sources.

One source.

Information sharing
between agencies

Not needed for
central control.

Done as desired.

Automated, global
availablity of traffic
information, decision
support

Smart Corridor
Strategies

Implemented at single
control site.

Implemented for agencies
which have agreed working
relationships (not consistent
throughout County).

Implemented through
dedicated cooperative
effort between agencies.

Local traffic
strategies

Difficult to implement

(remote from local agency).

Easy to implement

Easy to implement

Expandability /
Flexibility

One facility only. Not as
responsive to local
requirements.

Expansion of agency
operations, may not benefit
other agencies if not linked
into_netwaork.

Expansion of local of
regional capabilities
enhances overallsystem,
provides redundancy.




L]
I h k & associates

surface streets and transit facilities and outputting this information to the
appropriate audiences through the appropriate information servers. An
intermediate “decision support” function is utilized for agencies which are within
Smart Corridors as identified in Chapter 3, such that coordinated traffic response
strategies can be developed as necessary, and approved by the agencies for
implementation. The architecture requires development of communication
capabilities between all traffic control systems, the development of
dedicatedinteragency relationships, plus the devel opment of centralized traveler
information and regional decision support capabilities.

55 IVHSINFRASTRUCTURE REQUIREMENTS - AGENCY AND CENTRAL

Within the hybrid structure just selected, the architecture can be further refined as it
relates to the infrastructure.  An infrastructure-based architecture calls for al elementsto bein
fixed locations or for mobile resources, such as Freeway Service Patrols, to utilize dedicated
beats. An aternate approach is for the architecture to be supported by resource management that
coordinates elements on-call, that is, based on specific needs. This IVHS Study, through
evauation of the technical and institutional issues and constraints, recommends an infrastructure-
based architecture with the addition of selected mobile or on-call elements.

5.5.1 - Operations Centers

Exhibit 5.4 diagrams the overall hybrid architecture and system functions indigenous to
the different Operations Centers. These are further described below in terms of operational
characteristics and features:

Traveler Information Center (TIC) - Responsible for collection and dissemination of
Countywide transportation information to the media, the public, and the in-vehicle user
(except information presented via Changeable Message Signs [CMS] and Highway
Advisory Radio [HAR]).

Cdltrans Traffic Operations Center (TOC) - Responsible for traffic management on

freeways and Toll Roads, and information dissemination through freeway CMS and HAR.
Also manages traffic signals along state highways.
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- Responsible for traffic
management on surface Streets, and dissemination through surface street CMS and HAR.

Transit Operations Center - Responsible for management and tracking of transit service,

providing in-vehicle information to buses, exporting schedule and real-time service
information to TIC for dissemination to the public.

5.5.1.1 - Operations

The system centers around the collection, evaluation, and dissemination of data. The local
TMCs and TOCs receive data from the detection devices or other resources within their
jurisdiction (e.g., loop detectors, CCTV, police reports). Thisis used to monitor the traffic in
the jurisdiction. It isalso passed automatically to the TIC, where it is merged with data from
throughout the County to provide the county-wide status. This status can then be called up by
any TMC or by the Caltrans TOC using the means discussed later in this section. Furthermore,
the use of Smart Corridor and related decision support (Expert System) elements will allow a
faster detection of incidents or events to which the various centers should respond, and advise
action. For example, amajor accident on afreeway will cause one or more TMCsto be notified
and asked to approve multi-jurisdictiona diversion plans as proposed by the Expert System.

Such response plans, whether stored or dynamically developed, are a key element of this
system. Asdiscussed earlier, rapid response is a key strategy to reducing congestion and
associated delay, safety and air pollution problems. Such plans by nature require substantial data
and knowledge, therefore, it is recommended that the knowledge is codified in one or more
Expert Systems that can assess the situation, find the appropriate response, and notify the various
parties. The parties then accept or modify the plan as needed, and it is then implemented.

While theinformation is distributed and available to all, control resides with the TMCs
and TOC. Such control is coordinated between the centers where appropriate, in particular for
signal synchronization.

Institutional considerations may also permit one agency (e.g., Caltrans) to operate or
monitor traffic operations for another agency if that agency has limited resources. Such an
arrangement could be developed through the use of Memorandums of Understanding in order to
identify and resolve potential liability issues as well as technical issues.
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55.1.2 - Data Base

Countywide real-time transportation datawould be maintained at the TIC in acommon
Traveler Information Database (TID). It is recommended that this be ultimately a geographic
information system (GIS) as described in Chapter 6. This would provide a common reference
for the large volume of position-specific data. It would alow multiple centers to exchange
information, and also to correlate position-related information from various sources (e.g.,
inductive loops and motorist reports keyed to mile markers). It would also facilitate development

of dynamic routing algorithms.

5.5.1.3 - Operator Displays and Decision Support

User-selectable map or text displays through a Graphical User Interface (GUI) will present
information to a TMC or TOC workstation in a clear manner that is tailored to the user’s needs.
This will be supported by audible or visual alerts, as appropriate, to alow the Operators to
monitor the system while carrying on their other tasks. For traffic engineers that spend much
time in the field, aerts can be sent to a pager, and the displays will be available in their vehicles.

Expert Systems at the local and regional levels (TMC, TOC, possibly TIC) will codify
standard traffic monitoring proceduresin Smart Corridor areas and el sewhere in the County to
form the aerts and messages. Specificaly, the system will continuously look for anomalies in
the detected data that might indicate a problem, recommend response strategies and submit the
candidate actions to operations at Catrans and local agency levels. The Knowledge-Based Expert
System will include all baseline response policies and procedures, including recommended actions
to be taken and the centers to be notified. Response Plan development would be dynamicin
nature; where baseline response plans will be automatically tailored to real-time conditions and
updated over the duration of the condition.

The Central TIC will contain analysis toolsto provide areal-time assessment of overall
system status. Also provided will be historical summaries and evaluations. Such ongoing
assessments will be essential to cost-effective system expansion, since it will provide a basis for
comparison of different strategies.

Any workstation in the system will be capable of selecting any combination of the
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following for map display. The user will have complete control over map feature selection.
Such a display may also be “zoomed” into specific areas.

Freeways and tollroads in Orange County and surrounding counties
Smart Streets and Smart Corridor routes in Orange County

Transit routes in Orange and Los Angeles Counties

Other streets in Orange County

In addition, any of the following real-time data may be superimposed on the map display,
with colors indicating status or level and user-selectable text notations. By prior agreement, and
intertie with neighboring agencies, this may include areas outside Orange County.

- Traffic congestion (graphical data - freeway and surface street)
: Incidents and status

Ongoing and planned diversions and construction

Transit schedules

Weather in Orange County and surrounding counties

Special events and related status

John Wayne Airport - parking, travel delays

The TMCs and TOC would have access through GUI workstations to al of the above,
plus the following loca real-time data.

Equipment status

Timing (local agency plus other jurisdictive)

Current time (county-wide standard, using WWV time-base)

Current messages on CMS, HAR

Sensor data

Alerts (congestion, incident, diversion, malfunction)

CCTV (full motion or compressed depending on communication capacity)

Expert System interface to gain access to response plans and traffic management
functions below

Expert Systems will be included to perform at least the following.

Incident detection, correlation, and confirmation
Response plans
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Alertsto agency staff not at TMC or TOC
Flow balancing

Multimodal route planning

Information dissemination

55.1.4 - Communications (Center-to-Center)

Communications will be done using the lowest cost medium for the location and the
application needs. This should be determined on a case-by-case basis depending on existing
infrastructure, geographic location, and available resources. The major requirement is
interoperability. The system will provide voice and digital data between the TMCs and TOC
through the T1C and between adjacent or otherwise coordinating TMCs.

5.5.1.5 - Communications (Center-to-Roadway)

There will be two-way, full-duplex communications between the roadway and the
responsible center. The responding system will, as appropriate, formulate strategies or messages
and send them to the right agencies or equipment, based on previously agreed policies and
procedures.

5.5.1.6 - Traffic Control and Multi-Agency Coordination (Center-to-Roadway)

Signals and ramp meters will be controlled from TMCs and TOCs based on adaptive
timing and predetermined rules. For example, ramp metering will be responsive to flow on the
freeway and demand on the ramp, but will also be remotely modifiable from the center to quickly
restrict flow upstream from an incident and increase flow downstream from it, or to relieve a
backup onto surface streets. The controllers do not need to be the same, but must be able to
coordinate with each other, through central-tocentral communicationslinks aswell as through
a common time base such as WWYV. Smart Corridor-based Expert Systems are to have the
capability of integrating specific freeway and arteriadl elements and producing specific response
plans.
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56 FREEWAY ELEMENTS

The architecture elements used in the freeway portion of the architecture are illusrated
in Exhibit 5.5, and the elements’ function and selection criteria are shown in Exhibit 5.6. A
number of these are currently being implemented under the Caltrans TOS Master Plan, and are
described as such In addition to these elements, others are assumed to be in place as a result
of ongoing congestion management programs or initiatives pursued by the traveler. These
include Motorist Aid/call boxes along freeways and rural routes and Cellular Phone-based
(“ Celular 911”) incident reporting by motorists. Both of these elements are existing. Though
they are not specifically identified within the architectures, their effects will be enhanced by some
of the communications elements identified below. These include better communication and
control processors at the centers and direct computer-to-computer interties with local police and
CHP computer-aided dispatch (CAD), fire departments, ambulance services, and hazardous
material teams.

5.6.1 - Roadway Detection

To detect traffic flows (volumes, occupancy, speeds, potential incidents), the Caltrans TOS
Master Plan recommends the use of electronic loop detection embedded in the pavement for all
freeways and toll roads. The loops are connected to roadside Type 170 controllers for processing
and transmitting data to the TOC's Central Computer. Loop detection is currently located on
approximately 110 miles of Caltrans freeway. Based on studies done by JHK & Associates for
Caltrans District 4 regarding spacing of freeway detection, this IVHS Study recommends a
maximum spacing of 1/2 mile between surveillance stations. This allows system incident
detection algorithms to perform without excessive “ false darms' as well as providing a more
precise representation of where congestion is occurring along the freeway. Spacing of less than
[/2 mile is common when ramps are located more closely together. Mainline surveillance
stations are required in conjunction with ramp metering to allow performance of local traffic-
responsive metering as well as more extensive corridor-wide strategies.

Future technologies in detection should be considered wherever they have the potential
for reduced cost, greater reliability, and improved accuracy. Some of these newer technologies
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EXHIBIT 5.6 Orange County IVHS Architecture

NEAR-TERM ELEMENTS Near-Term

(FREEWAY) Function Location
Criteria*

Accident Investigation Sites

Remove Incidents from view of traffic

15 ml spacing

Traffic Operations Center (TOC)

Manage Freeway traffic operations

Changeable Message Signs (CMS)

Provide traveler Information/route guidance

2 m | ahead of m ajor fwy-fwy interchanges

Closed-Circuit Television (CCTV)

Incident Detection/Confirmation, Congestion Management

0.75 ml spacing

Call Boxes

Reduce Incident Detection time

025 ml spacing each diection

Freeway Service Patrol (Roving tow trucks w/AVL mobile data Terminals)

Reduce Incident detection, response, clearance times

2 trucks/5 ml beat

Highway Advisory Radio (HAR)--Low Power

Provide traveler Information--roadway-specific

1/4 ml spacing in Smart Corrldors

Ramp Metering

Increase speed & safety on fwy/divert traffic

256 metered ramps

Roadway Detection (loops, radar, microwave, wide area)

Incident/congestion detection, data collection

050 ml spacing

Video Image Processing Systems (VIPS) or VIDS

Congestion detection/Fwy Incident detection/conformation

25% of CCTV locations

Electronic Toll & Traffic Management

Reduce recurring congestion on toll roads

On all toll facilities

*  Location Criteria as per the Following:

Smart Corridor Statewide Study, 1990

District 4 Traffic Operations System, Operational Procedure8 and Strategies Conceptual Design Report, 1992

Proposed District 12 Traffic Operations System Master Plan. 1992
Orange County TOC Study, 1991
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include microwave, infrared, acoustic detection, as well as video image processing.
The Near-Term IVHS Architecture utilizes 1.58 freeway surveillance stations (non-tamp
metering), along with 122 stations associated with ramp meters.

5.6.2 - Closed-Circuit Television (CCTV)

The TOS Master Plan calls for 75 CCTV cameras on the freeway system, providing 1/2
mile coverage in each direction along a freeway, particularly including freeway-to-freeway
interchanges and critical intermediate interchanges. CCTV provides the capability to confirm
congestion or incidents in advance of CHP or other mobile response resources, thus providing
for a more rapid dispatch of FSP or emergency vehicles, as well as more rapid implementation
of traffic management strategies.

Currently 5 CCTV cameras have been installed, with 26 cameras programmed for future
installation and 44 proposed cameras which have not bean funded The District 4 study has
recommended spacings of 3/4 mile between cameras, so as to allow for complete coverage of the
system, including some overlap. If this design is followed in District 12, a total of 183 cameras
would be reguired to provide this full coverage. Such coverage can be afforded through use of
some lower-cost camera technologies, including digitized “slow-scan” video, which provides a
lower level of functionality in less critical areas, yet provides the ability to confirm an incident
location and the status of traffic.

The proposed Near-Term | VHS Architecture utilizes 75 CCTV camerasfor freeways, with
183 cameras for the Mid-Term system.

5.6.3 - Accident Investigation Sites (AIS)

While not an IVHS element per se, AlS has the potential to support IVHS-related
strategies to reduce non-recurrent congestion by providing a facility out of the sight line of the
freeway mainline, typically off afreeway ramp and shaded by shrubs or trees. The AlSallows
an accident to be towed directly from the freeway mainline to this off-site facility. Typical
requirements for an AlS include on-off access to the freeway (thisis typicaly achieved by
locating the AIS off a freeway off-ramp). Also necessary in this regard is adequate right-of-way
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for the AIS A number of demonstration AlS locations are being developed as part of the Santa
Monica Smart Corridor project in a cooperative effort between Caltrans and CHP.

5.6.4 - Changeable Message Sign (CMS)

The CMSisthe most visible method of providing rea-time traffic advisory and route
guidance information on the roadway. The TOS Master Plan proposes CMS on freeway
approaches in advance of one local interchange before a freeway-@freeway connection. This
will alow the possibility for diversion strategies involving major surface streets if appropriate.
The Project Team recommends the use of full-matrix CMS for freeway use. Full-matrix CMSs
provide maximum flexibility in letter size and accommodates the use of standard symbology
when necessary to convey specific messages. Other CM S locations can be in areas where
weather-related or event-related congestion occurs with some regularity. Caltrans has proposed
atotal of 42 signs, with 6 currently operational, 24 programmed, and 12 proposed but not funded.

The proposed Near-Term IVHS Architecture includes a total of 42 freeway CMS.

5.6.5 - Highway Advisory Radio (HAR)

Cdltrans currently operates two lo-watt HAR stations, with one additional lo-watt station
currently operated by the City of Anaheim. HAR can provide important real-time traffic
information in more detail than possibly utilizing CM S alone. Use of Mobile HAR is being
proposed by the TOS Master Plan, and six more HAR stations are currently being proposed.
However, HAR, in combination with appropriate automation and voice digitization, can provide
more specific and relevant real-time information by being oriented in linear low-power broadcast
zones along freeways. Such aschemeis being implemented for the Santa Monica Freeway in
Los Angelesin conjunction with the first Smart Corridor project. The most recent low-power
technologies utilize 0.1 watt of power for each transmitter with an approximate 1/2 mile
transmission radius. Overlap between zones and resultant hetrodyning (interference) is mitigated
through the use of synchronization techniques.

The Near-Term IVHS Architecture thus departs from the Catrans TOS Master Plan in
recommending low-power HAR transmitters located along Smart Corridor segments. Spacings
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of 1/4 mile are to be considered based on initial test bed resultsin Los Angeles. In addition, the
longer term architectures would include a number of newer broadcast technologies, including the
use of Radio Data Systems and Traffic Message Channels which provide both text and audio

Messages.

5.6.6 - Freeway Ramp Metering

Ramp Metering, the primary means of controlling congestion at on-ramp/mainline
junctions, isused at 231 on-ramps, with 25 additional meters programmed for installation. The
Near-Term Architecture assumes a total of 256 metered ramps, with 94 of these currently having
an HOV bypass lane.

5.6.7 - Video Image Processors (VIPS)

VIPS are recommended for high priority incident management corridors and at major
interchanges and locations near major trip generators. VIPS alows the use of video imaging and
a user-definable graphical overlay that is developed using dedicated PC software. The full range
of traffic data (e.g., count, speed, occupancy) can be detected even if the Operator is monitoring
another site, and algorithms can be utilized which can detect the presence of a potential incident.
Upon an aarm or warning, the Operator can actively monitor the video image to verify incident
presence.

The IVHS Advanced Testbed Project sponsored by the Federal Highway Administration,
Cdtrans, UCI, and the Cities of Anaheim and Irvine will install 21 VIPS locations on the
freeway system. With lower costs and improvements in the technology becomes more common,
itispossible that VIPS will be possible for all CCTV cameras in the network. Thus, athough
the Near-Term Architecture includes only 21 VIPS locations on freeways, it is proposed that the
Mid-Term architecture provide 183 VIPS locations (same as the number of future CCTV
locations).
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5.6.8 - Freeway Service Patrol (FSP)

OCTA, Cdltrans, and CHP in a cooperative effort have implemented FSP service along
approximately 45 centerline miles of freeway in Orange County using 15 trucks. FSPis designed
to reduce non-recurent congestion through rapid removal of incidents from the freeway. FSP has
the capability of removing stalls, performing minor repairs, or providing fuel as necessary to
alow stalled vehicles to move out under their own power. For accidents, FSP can assist in
accel erating the detection and confirmation process, thus allowing resources such as CHP and
emergency vehiclesto reach the site more quickly. (FSP, however, does not remove vehicles
involved in accidents from the traveled way. Contract tow vehicles remove the vehicles involved
in accidents.)

The Near-Term Architecture assumes an FSP expansion to the full frequency network as
currently programmed. While FSP itself does not represent an IVHS improvement, the use of
strategies including Advanced Vehicle Location (AVL) and automated mobile data terminals
(MDT’s) contribute to the effectiveness of FSP as atool, and critically, provide a source of
information for the system. Therefore, the use of FSP has been incorporated into the IVHS
Architecture.

5.6.9 -High Occupancy Vehicle (HOW Lanes

Currently, HOV lanes have been implemented on a segment of -5 (Route 55 tol-405),
aswell as on 1-405, Route 55, and Route 57, and are under construction along I-5 south of Route
22. The Catrans TOS Master Plan projects HOV lanes on all freeways except Route 22. HOV
isamajor element in Transportation Demand Management, in that it encourages the use of
carpooling and public transit to reduce congestion. While HOV lanes in themselves are not
IVHS elements (and thus will not be evaluated as part of the IVHS architecture per se), their
presence provides an operational enhancement to the infrastructure which can increase the
effectiveness of IVHS elements, particularly as they can influence mode selection and reduce
delay through a reduction of single-occupancy vehicles.
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5.6.10 - Electronic Toll and Traffic Management (ETTM)

ETTM systems reduce recurring congestion on toll facilities by allowing vehicles with
specia bar code decals or other Automatic Vehicle Identification (AVI) tags to travel through
toll collection areas at close to normal travel speeds. Bar-code readers at the side of the road,
are connected to a centralized monitoring and toll management system. Recording of these
vehicles' travel on thetoll road allows for automated billing of tolls. Non-tagged vehicles would
be diverted to normal toll collection facilities. The newest technology tags provide for two-way
vehicle-roadside communication This permits the transmission of vehicle identification data that
can be used to calculate link travel times and thus serve as an input to the traffic data collection
process. The Near Term Architecture incorporates the proposed use of ETTM as an integral
element of the TCA’s Toll Road system.

5.6.11 - Vehicle-Roadside Communications

As discussed above, the use of two-way vehicle-roadside communications supports real-
time traffic data collection efforts, but also allows for transmission of information to suitably-
equipped vehicles. The use of AV tags alows recording of vehicle identification as they pass
reader/scanner locations. By matching codes between scanner sites, link travel time and link
information can be developed as well as improved origin-destination information for use by
planners.

Operation and transmission of information to and from vehicles requires a high-capacity
communications link with minimal maintenance requirements. The vehicle-roadside links can
be accomplished using relatively simple technologies, including cellular phone, radio, and
detector-based RF transmission.  Either fiber optics or microwave could be used for these
pUrposes.

Vehicle-roadside communications is a technology in itsinfancy for real-time applications.
Though asimple version of vehicle-roadside communications can be developed for AV purposes,
JHK feels more research and development work is necessary before implementation. Therefore,
the Near-Term Architecture includes a number of initial AVI and vehicle-roadside
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communications strategies. The use of one-mile spacings for AVI readers and roadside
communications devices is selected based on the discussions presented in Chapter 6.

5.6.12 - Backbone Communications Network

The Caltrans TOS Master Plan has identified a number of fiber optics trunk facilities to
beinstalled along the freeway system. Because of the cost of fiber optics installation in new
conduits (reduced if done as part of other reconstruction work), it isimportant that these facilities
be used to their maximum potential. The Near-Term Architecture uses the fiber trunk facilities
as feeders to a central&d Traveler Information Center from local TMCs as well as the Caltrans
TOC.

Alternatives to utilizing the fiber network include the use of owned or leased telephone
facilities or microwave facilities. Phone-type facilities (including use of owned twisted-pair
cable) for video transmission require some form of digital compression techniques, including
coder-decoder (CODEC) devices and modems. Other unbounded techniques such as microwave
and spread spectrum radio may also be utilized to reach locations remote from fiber trunk
facilities.

A combination of different communication technologies could be used system-wide
depending on local and agency requirements and funding; however, fiber will be utilized as the
baseline trunk medium for development of costs and benefits, so as to produce a more
conservative assessment of the IVHS architecture benefits and costs.

5.6.13 - Summary of Benefits: for Freeway Elements

The elements listed above can be divided into classes that support better management of
recurring congestion due to capacity shortfall and of non-recurring congestion due to incidents
as shown in Exhibit 5.7.

A summary of the estimated quantitative benefits assigned to the freeway congestion
management elementsis shown in Exhibit 5.8. It must be mentioned that benefit estimates are
intended to give only arough order of magnitude indication of effectiveness. There are many
reasons for this, including the newness of many technologies, local differencesin
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EXHIBIT 5.7

ARCHITECTURE ELEMENTS THAT AFFECT RECURRING AND NON-RECURRING

CONGESTION

Element

Recurring
Congestion
Reduction

Non-Recurring
Congestion
Reduction

i

Direct computer-to-computer intertie with local police, CHP, fire
department, and hazmat teams

Vehicle detection using inductive loops or other technologies X X
Incident detection with Video image prooessrs X
Incident detection with CCTV X
HAR X X
CMS X X
Ramp metering X
Smart corridor strategies (see System Elements) X X
Freeway Service Patrol (FSP) X |
ETTM X x
Roadside-to-traveler communications X X
Roadside-to-center communications X X
Center-to-operations center communications (I nterties) X X
X
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EXHIBIT 5.8

QUANTITATIVE BENEFITS ASSIGNED TO FREEWAY ARCHITECTURE

ELEMENTS

Element

Inductive loops

Effect on
Congestion

(sekey)

1

Configuration

1/2 mile spacing Wt. 1)

Reduction in Vehicle
Hours of Congestion
in Percent

26 (non-recurrent)

1 [/4 mile spacing (Alt. 2) 39 (non-recurrent)
Video image processors 3 At high priority incident 20 (non-recurrent)
management corridors
CCTVv 3 At medium priority incident 10 (non-recurrent)
management corridors
Low power highway 5, 6 1 mile spacing 10 (non-recurrent)
advisory radio
Changeable message signs | 5,6 12 mile before decision points 17 (non-recurrent)
Vehicle detection ! At all interchanges and ramps N/A
Ramp metering 6 On congested corridors 20 (recurrent
congestion)
Smart corridors 5, 6 Along freeways identified in 13 (recurrent
(see System Manager) Statewide Study as Smart congestion)
Corridors
Freeway Service Patrol 4 1truck per 5mileseach way on 30 (non-recurrent)
with AVL and mobile data highly congested freeway sections
terminals
ETTM 16 on toll roads Not available
Roadside-to-traveler 5.6 All vehicles via radios and at 11 (recurrent
communications major public areas via displays Congestion)
(based on Smart
Corridor forecast)

4 centers Included in computer-
to-computer intertie
benefit

Direct computer-to- 4 Local police. CHP, fire 8 (non-recurrent)

computer interties

departments, ambulance services,
hazmat teams
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Key:  Incident Management Functions

1 Reduction in incident detection time

2. Reduction in incident identification time

3 Reduction in incident detection and identification times

4. Reduction in incident detection, identification. and asset arrival times
5. Diversion of traffic in response to an incident

Reaurring Congestion Functions

6. Management of reaming congestion

Soureces:
" Operational Procedures and Strategies Conceptual Design Report Draft," JHK & Associates, May 1992

“Orange County TOC Study,” JHK & Associates, August, 1991
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implementations and traffic patterns, and interactions of the various system components. The
primary benefit assigned to each element isits ability to reduce vehicle hours of congestion. This
measure of effectiveness allows cost savings attributable to reduced delay to be compared with
costs associated with inddling and maintaining the architecture.  (See Chapter 11, "Expected
IVHS Benefits’.)

Included in this assessment is a summary of the benefits of system elements, including
provision of control centers and interagency communications. While these elements may in fact
beinvisibleto thetraveler, it is these elements (discussed under System Elements) that will allow
the other elements (both freeway and surface streets) to function more efficiently.

5.7 SURFACE STREET ELEMENTS

The architecture elements used in the candidate Orange County surface street arterial
architecture and the element’s function and selection criteria are shown in Exhibit 5.9.

5.7.1 - Adaptive Control

Adaptive signal control is an important element of any IVHS architecture as it provides
ameansto reduce freeway congestion and make more efficient use of existing city transportation
assets. The controlled streets currently use time-of-day plans to synchronize signals and speed
traffic flow. In the future, real-time traffic responsive and adaptive algorithms may be used to
provide greater benefits. Several demonstration projects have been implemented in Southern
Cdifornia to measure the benefits of this element. One of theseisthe Katella Avenue Project
which synchronizes traffic signals previously controlled by six cities, the county, and Caltrans.
ATSAC, in Los Angeles, has measured the benefit of synchronized signals as 13% with respect
to reducing overall travel time. In Oxnard, a signal system utilizing the British SCOOT system
hasbeenimplemented. Scoot utilizes system detectors aong the coordinated roadway both
approaching and departing the intersection.

Benefits from three field-based evaluations of optimized signal timing were reported by
the GAO in a 1991 document, “Smart Highways, An Assessment of Their Potential to Improve
Travel”, GAO/PEMD-91-18, May 1991. Their findings included:
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EXHIBIT 5.9

ORANGE COUNTY IVHS ARCHITECTURE

Near-Term Elements
(Surface Streets)

Function

Near-Term Location Criteria*

Traffic Management Centers (Local Level)

Manage Surface Street Operations

Up to 9 In County (Ana, IN, Stg Ana, 6 others)

Changeable Message Signs (CMS)

Provide travel Info for parking, alt. routes, closures (seasonal)

On Super Streets, SC roadways In advance of freeway

‘ Trailblazer CMS for pre-planned alernate routes

Provide positive guidance for alternative routes

Along Smart Corridor roadways

Closed-Circui  Television (CCTV)

Congestion Mgmt, Incident Confirmation @ hlgh volume loations

5% o signalized Intersections

Highway Advisory Radio (HAR) - Low Power

Provide traveler information -- roadway-specific

1 mile Intervals along SC roadways

Mutual Aid Agreements (emergency Sservices)

Provides Interagency agreement on emergency response routes

(Global)

Roadway Detection (loops, radar, microwave, wide area)

Input to real-time signal control, data collection

12 ml. Intervab & 300" in advance of major Intersections

Signal Pre-empdon for Emergency Vehicles

Provides dedicatedemergency response strategy

Assumed 66% of county roadways

Signal Synchronization (TOD/DOW-based)

Increase capacity and flow speed on surface streets

89% of county roadways

Signal Synchronization (adaptive/traffic-responsive)

Increase surface street flow under non-recurrent conditions

Along Super Streets, SC, other key roads

Video Image Processing Systems (VIPS) or VIDS

Congestion detedion/Fwy Incident detection/conformation

25% of CCTV locations

*

Location Criteria as per me following:

Smart Corridor Statewlde Study, 1999

District 4 Traffic Operations System, Operational Procedures and Strategies Conceptual Design Report, 1992
Proposed District 12 Traftic Operations System Master Plan, 1992

Orange County TOC Study, 1991
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L 1982 FHWA Study (11 cities). For each controlled intersection the results were
an average 8.5% improvement in travel time, 15,000 vehicle-hours of delay saved,
and 10,000 gallons of fuel saved over a one-year period.

2. 1986 Fuel-Efficient Traffic Signal Management (FETSIM) covering 61 cities and
1 county in California. Asaresult of improved traffic signal timing, travel time
was reduced by 7%, delays were reduced by 15%, and fuel consumption was
reduced by 8.6%.

3. 1987 Los Angeles Department of Transportation (LADOT) ATSAC (Automated
Traffic Surveillance and Control) study: The implementation of an extensive loop
system at approximately 115 intersections in the Coliseum area, as well as video
cameras for surveillance resulted in overall travel time reduced by 13%,
intersection delay reduced by 20%, fuel consumption reduced by 12.5%, stops
reduced by 35%, and air emissions reduced by 10%.

Adaptively controlled surface streets acting as freeway aternatives (i.e., Smart Corridor)
are to be linked to the freeway architecture in order for the traffic signals to handle any excess
traffic which may result in major congestion, especially during incidents. The HAR and CMS
elements of the freeway architecture are used to inform drivers of acceptable alternate routes.

5.7.2 - Detection Elements

Inductive loops will serve as a primary near-term element for system-controlled

intersections and for isolated intersection control. They arereliableif properly installed in stable
roadbeds, and road and utility repairs are controlled to prevent inadvertent cutting of loops or
connector cables. Asin the freeway architecture, however, attention should be paid to the
development and evolution of newer technology detectors. Since atypical two-lane street with
aleft turn pocket uses ten six-foot by six-foot inductive loop detectors in each direction, the cost
of installing and maintaining this many loops becomes comparable with that of purchasing a
Video image processor (VIP).

CCTV isrecommended in near-term architectures to survey traffic and identify incidents
at high priority intersections and near recreational, educational, and other high traffic volume
facilities such as business parks, shopping centers, airports, sports complexes, theme parks,
beaches, theaters, etc. Cameras purchased for these areas can be used with future VIP processors
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that can be added for medium-term and long-term architecture implementation, assuming the
capability to switch from the pan-zoom mode of CCTV to the very precisely fixed VIP mode is
developed. These VIPs can be tied into real-time traffic adaptive signal control systemsto
provide the traffic data required by the algorithms. CCTV can also be used for verification of
defective traffic control equipment in the field.

VI1Ps are recommended as demonstration projects. These sites can be selected from those
at major interchanges and highly trafficked intersections. New technology VIPs process the video
imagery at roadside to produce the required traffic data (count, volume, speed, occupancy,
incident detection) that can be transmitted to a central location on low bandwidth communications
lines. If anincident or other traffic abnormality is detected by the VIP, an alarm can be sounded
at the operations center and the Operator can request the real-time video transmission of imagery
from the scene. If the video is not required, the Operator reduces his system’s operation cost
because high bandwidth lines are not unnecessarily tied up. As compared to CCTVs, the VIP
does not require the large bandwidth communications line to the operations center at al times
and, for a nominal additional cost, provides much more information than the CCTV.

Vehicle detection is recommended at shopping mall exits and large parking garages and

lots that empty onto major surface streets. In addition to metering vehicles onto the streets, the
detection information can be used for historical data collection and to plan road improvements
for the future. The detectors recommended for near-term installation are inductive loops because
of the reasons cited above. However, the evolution of the new detector technologies should be
monitored for the added data and accuracy they can provide.

Call Boxes are currently used on rural routes in the County, including Ortega Highway
(Route 74), Laguna Canyon Road (Route 133), and Santiago Canyon Road

5.7.3 - Advisory and Control Elements

Low power highway advisory radio (HAR) at recreational and other high traffic volume

facilities is recommended for near-term use based on conclusions reached in the Operational
Procedures and Strategies Conceptual Design Report. The low power radio allows messagesto
be restricted to smaller areas, and hence deliver more specific and localized information, than if
present day higher power HARs are used. As roadside-to-vehicle communications continue to
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develop, other communications elements may be introduced in the medium and long term
architectures.

Changeable message signs (CMS) provide information to travelers about recurring and
non-recurring congestion that may lie ahead In the arteria architecture, they are recommended
for fixed installations near recreational and other high traffic volume facilities. Portable CMS
are recommended for use in construction zones to enhance safety and manage congestion by
warning drivers of lane closures and other diversions, and at incident sites for similar reasons,
or at seasonally or occasionally congested areas, such as beaches or special events. Trailblazer
signs can beinstalled at critical points along a corridor to inform drivers of the recommended
alternate route and the shortest path back to an uncongested freeway segment

The cost of elements such as CMS may be prohibitive given the relative frequency of
usage by local agencies. It is proposed that a fleet of 80 portable CM S devices be made
available for use by any agency for seasona or unique events, traffic flow problems or for
incidents which cause major traffic impacts. This would augment trailblazer CMS's along
surface streets plus a number of corridor-based full-size CMS's in advance of freeways.

5.7.4 - Emeragency Signal Preemption

Emergency preemption is an area that was recommended for further study by the
Addendumto Task 1, “Pre-emption for Safety and Transit.” This Working Paper recommends
1) a study of specific areas where multi-agency pre-emption strategies would enhance the
emergency services system, 2) modeling of identified corridors to estimate the traffic impacts of
pre-emption relative to the benefits, and 3) a test bed project of pre-emption on a multi-agency
corridor.

Two corridors are identified here for consideration for implementation of the emergency
signal preemption test bed. These corridors, Moulton Parkway (southern section) and Crown
Valley Parkway, may prove well suited for preliminary testing and implementation of emergency
signa preemption as both are designated Smart Streets, they each comprise multi-agency aress,
the County provides fire department servicesto all jurisdictionsin the areas, and the mgjority (all
but the City of Mission Vigo) receivetraffic signal operational support from the County.
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5.7.5 - Backbone Communications

The Backbone Communications concepts discussed for freeways are relevant on the
surface streets as well. The selection of fiber-optic or leased lines will be made based on specific
system requirements.  Wireless media can be considered for point-to-point communicationsin
hard to access |locations and for intra-center communications. These links may also be used to
transmit traffic data from intersections to a field-hub, where the data are then routed over
dedicated or leased lines to the TMC. In quantity, this medium provides low-cost aternatives
to dedicated lines and leased lines, and allows for ownership of the transmission media.

Likewise, the use of vehicle-roadway links as discussed in the freeway elements apply to
surface streets as well. Technologies being tested include RF beacons and infrared seamer
devices. Aswith freeways, one-mile spacings for vehicle-roadway communication devices are
used.

5.8 GLOBAL SYSTEM ELEMENTS

The Near-Term IVHS Architecture unifies the freeway and surface street elementsinto
a cohesive system through the use of key system-wide elements (listed in Exhibit 5.10 based on
function and location criteria. The elements will be oriented toward the global strategies
presented in Chapter 2. To accomplish the strategies, the global elements must provide the
following capabilities:

- Pre-Trip and En-Route Information Dissemination.

Real-Time Traffic Management through coordinated decision support and response
strategies.

- Support global accessibility for users and full coordination and data exchange
between agencies.

Global elements in the near-term will include the following:
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EXHIBIT 5.10
ORANGE COUNTY IVHS ARCHITECTURE

Near-Term Elements
(System)

Function

Near-Term Location Criteria*

Expert Systems

Provides knowledge for selection of response

1 workstation / 2 Smart Corridors

Integrated freeway - arterial control {Smart Corridors)

Manage congestion/routing through selection of response plans

(See Above)

Mobile command systems (clvil defense)

Manage evacuation routing

Up to 4 available

Mobile Highway Advisory Radio (HAR)

Provide traveler information - - roadway & time specific

Up to 8 available

AVL/GPS system for congestion/speed monitoring

Provide real—time data source for monitoring

(Global)

Origin — Destination data through AVI/AVL

Provides information for guidance and planning purposes

(Global)

Portable CCTV for image transmission from incident site

Incident confirmation/management/congestion management

Up to 4 available

Roadway-Central Communications -- Point-to-point

| Transmit traffic data/video

10.5 ml spacing (same as detectors)

Vehicle-Roadside Communications

Transmit traffic data/vehicle location/Information

0.25 mi spacing (Call Box on freeways)

Graphical Traffic Information on Cable TV Transmit traffic data In graphical map form (Global)
Automatic Vehicle Identification(AVI) Provides identification, locatlon, other pertinent info from vehicle (Qlobal)
Cellular 911 | Assists In detection/confirmation of incidents (Global)

Traveler Information Center (OCTA)

Coordinates all data for dissemination throughout County

1

Dial-up Telephone Services

Provide specific traffic Info through normal phone services

(Either Private or HAT - - see below)

High -Speed Data and Video Comm Interties

Data exchange for interjurisdictional traffic mgmt/Information

1 per TMC/TOC to TIC, plus 3 TMC to TOC direct

Microprocessor Field Controllers

Intelligent control traffic mgmt elements to reduce congestion |

0.5 ml spacing

Evacuation Routes and Response Plans Reduce congestion through carefully developed responses (Global)
Geographic Information System/Database Graphical data base coordinating data from all sources (Global)
Flexible data access, spatial data relationships through GIS | Provide interface from multiple systems, workstations (Global)

Highway Advisory Telephone (HAT)

Provide public access to real-time traffic information (audio)

1

Highwav Speed Emissions Monitor

Monitar vehicle air guality using new tachnologies

{Global - each ATMS)

Interactive Travel Information Terminals (Kiosks)

Provide en-routelpre-trip Information at transportation center 8

Earail/transfrats, airport, 5 per transfer/raita plue 5 add'l

In-Vehicle Navigation/Route Guidance Support

Provide data and Info to be utilized for in-vehicle systems

(Global -- support 3rd party)

Radio Data Systems (RDS)

Transmit Traffic/Data Info to public

(Experimental - - coordinate with 3rd party vendors)

Silent Radio

Transmit Traffic/Data Info to public

Smart Corridor Strategies (Interagency In nature)

Reduce Recurrent/Non-Recurrent Congestion, Balance Flows

Surveillance Hellcopters

Provide ah-based surveillance Information

1 hellcopter / 100 sq. miles

Tow Trucks — — Contract Tow Reduce incident duration/facilitate clearance (Global)
User fees charged to 3rd parties (dissemination) Source of revenue for operation of IVHS facilities $0 per year fee / 3rd party user,
| En Route Information Signs on Buses | Provide en-route information | 1 per bus

Pre-Trip Planning Aids (transit)

i Provide pre-trip information (general)

| All CAN, kiosks, BBS

Pre-Trip Transit Info (real-time)

Provide pre-trip information (based on reel-time traffic/schedules) | All kiosks, BBS

* Location Crlteria as per the followIng:

Smart Corridor Statewide Study, 1990

District 4 Traffic Operations System, Operational Procedures and Strateglea Conceptual Design Report, 1992
Proposed District 12 Traffic Operations System Master Plan, 1992

Orange County TOC Study, 1991
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5.8.1 - Information

5.8.1.1 - Traveler Information Database (TID)

All information regarding real-time traffic operations, including congestion measures,
incident status, and public transit vehicle location and schedul e data, are to becoordinated in a
central Traveler Information Database (TID) located at the TIC. The database would be
configured as a Geographic Information System (GIS), capable of receiving rea-time information
through the use of direct links to all agency traffic management systems, plus other data sources
including the CHP, local police departments, and agencies adjoining Orange County, as well as
a super-regional and Statewide system developed by Caltrans. This global clearinghouse will
alow for dissemination of data over either broad or specific areas, and will by its nature assure
consistency of information transmitted over various mediums, as presented below.

5.8.1.2 - Enhanced Media Interface

The coordinated TID would provide a unified, consistent information source for media
information, including real-time traffic reports on local radio and television, plus road work and
road closure information which could be accessed by the print mediaas well. Specific media
servers for graphical (i.e., color congestion map) and text information (e.g., incident status,
roadway closures, planned events) would be included.

5.8.1.3- Cable TV for Pre-Trip Planning/Real-Time Data Display

For “on demand” information regarding real-time conditions, the use of a dedicated
community access television (CATV) channel over local cable systems will be incorporated.
Similar systems provide local and freeway traffic information within theCity of Anaheim, and
asimilar system has been implemented by Caltrans District 7 and the City of Los Angelesto
show freeway conditions in the region. Maps provide color-coded maps (green indicates no
congestion, yellow is moderate, and red indicates heavy congestion). Thelevel of information
(e.g., local area covered, regional area covered) would have to be determined based on a

5. System Architecture and Recommended Elements 5-34



I h k & associates

coordinated local and regional agreement with local agencies and cable franchises; use of either

central or local dissemination points and video servers(connected to the Central TID) would be
considered based on agency requirements regarding control of information and data over thelocal
cable system.

5.8.1.4 - Highway Advisory Telephone (HAT)/Did-Up Services

Dia-Up information available to phone users is made feasible through use of the TID,
which can collate information from different sources. Through the use of a Voice Response
System (VRS), this information can be reconstructed and presented through the use of voice-
digitization techniques. Users calling from either conventional or cellular phones would have
access to desired traffic information through the use of touch-tone phone menus. Information
could be oriented toward both visitor/tourist information (e.g., ingress, egress from John Wayne
Airport or Disneyland) as well as commuters (conditions on specific freeways or in specific
areas). A third-party vendor is currently in the process of developing a service (paid through
advertising during the messages) which would provide “Point A” to “Point B” traveler
information as selected by the user. Use of acentra TID would greatly enhance the reliability
and accuracy of such third-party services, and the opportunity would exist for the agencies
operating the IVHS system to charge user fees for repackaging of this information.

5.8.1.5 - Interactive Information Kiosks

The use of interactive kiosksis particularly helpful to travelers away from home, either
at an employment, retail or entertainment center, or at a multi-modal transportation facility.
Kiosks can provide not only traffic information maps (similar to those for cable TV) selectable
by a user menu, but important transit information as well. For locations at transit centers, the
interactive kiosk could provide real-time transit arrival information, including information on
connections and desired routes. The interactive system could be coordinated with an automated
fare collection feature to provide an integrated information and route selection/fare collection
system for transit users.

Six rail stations (San Juan Capistrano, Mission Vigo, Irvine, Santa Ana, Anaheim and
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Fullerton) along the commuter rail network will provide transfer capabilities to buses in the near
term. An additional dedicated bus transfer point is operational near Newport Center in Newport
Beach.

The near-term architecture includes one interactive kiosk per rail station or transfer point.
Two existing kiosks are in use in conjunction with Anaheim’s Traveler Information System, and
are located at amajor hotel and at a major office building. As kiosks in private buildings are
not considered a high priority by local agencies, these are thus assumed to be “private” or third-
party devices. Assuming two kiosks at John Wayne Airport, plus at least four others in key
public sitesin the County, the total number of kiosksin the County over the near term would
be 15.

5.8.1.6 - Pre-Trip Transit Information

Pre-trip transit information could be disseminated through any or al of three methods
presented elsewhere in this section. One method, use of a dedicated CATV channel, could utilize
real-time transit (bus or rail) location information compared with schedules, presented as a
permanent side bar or text box. A second method would provide an option, utilizing interactive
bulletin boards or kiosks, to access real-time transit location information. An estimation or
comparison of auto travel times compared with estimated transit travel times could be presented
for various origin-destination pairs or calculated based on user-input origin and destination
information. A third method isto provide real-time transit information as adial-up servicein
conjunction with HAT or third-party dial-up information services.

This element will thus be considered as a feature of other information elements in the
[VHSATrchitecture.

5.8.1.7 - Support of Bulletin Boards/Videotext and Graphics

A dia-up bulletin board system (BBS), providing map graphics and text information,
could be supported by a server which manipulates information from the TID and presents
information to the users as requested by interactive menus. The bulletin board should require
only that a PC user have a modem (e.g., 1200 bps minimum) and a compatible communications
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package (GUI or non-GUI) such as Crosstalk or SmartCom. The architecture assumes that such
abulletin board server would be provided at the TLC, connected into alocal area network (LAN)
with the Traveler Information Database (TID); however, local agency BBS systems are possible
depending on the level of local information and capability desired. The City of Anaheim is
developing alocal BBS system under TSM funding for a traffic system expansion along La
Palma Avenue and the SR91 Freeway.

5.8.1.8 - Support of Third Party Information Systems

Third-party information systems, for the purpose of the IVHS architecture, consist of
devices developed by private entities with transmit traffic information directly to the user. Such
devices include Traffic Channel, which provides real-time information to a hand-held electronic
organizer. Another information system is Silent Radio, which provides scrolling text information
to private businesses or facilities, ranging from restaurants and bars to office and hospital waiting
rooms.

The modularity of the TIC's Loca Area Network (LAN) would allow for connection of
data servers which directly support various third party information systems. These servers could
either be standardized by the operational agency and in turn require standard protocols from
third-party information system vendors, or the third-party vendor could provide a data server on
the LAN to support his system. The third-party vendor, on the other hand, would be responsible
for maintaining his connections and peripherals associated with the severs, and the protocol to
his devices may be proprietary in nature.

It is assumed for the near-term architecture that standard deta servers at the TIC is
provided for support of third-party information systems.

5.8.1.9 - Support of In-Vehicle Svstems (Private and Public Transit)

Support of in-vehicle systems can take the form of several different types of systems.
These include the following:
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- In-Vehicle Navigation Systems utilizing internal map and positioning software
along with real-time data collection capability through vehicle-roadside protocols
or via unbounded technologies such as Radio Data Systems(RDS).

- Voice, text or data information utilizing Radio Data Systems (FM sideband
frequencies) receivers or Secondary Audio Program (SAP) television signals. The
product “ Auto-Tak” utilizes SAP and is currently operational in the Los Angeles
area utilizing manual collation and broadcast of Caltrans freeway information
using live broadcast personnel.

The primary type of server function required is to provide link congestion information in
data form. Processing and presenting the data can be done either through the in-vehicle processor
or some third-party automatic and manual processing (e.g., Auto-Talk’s personnel collating and
broadcasting traffic information by zone).

Thein-vehicle server function could thus be considered a task included with a separate
server or as part of a server which handles other information systems. This, however, would
increase the processing and memory requirements of the server.

5.8.2 - Traffic Management

5.8.2.1 - Coordination of Interagency Activities

The architecture requires coordination of all IVHS activities and operations between all
appropriate agencies in the County. This coordination is outlined in Chapter 8 (Agency
Considerations). Such coordination is a pre-requisite for the development of Smart Corridor
operational strategies.

5.8.2.2 - Smart Corridor Operations (Integrated Freeway/Arterial Management)

Smart Corridor operations consist of the coordinated utilization of freeway, surface street
and global management and information elements and resources to maximize the use of available
capacity and minimize overall delays. 95 miles of freeways and 271 miles of surface streets are
identified in Orange County as part of Smart Corridors identified in the 1990 Statewide Study

5. System Architecture and Recommended Elements 5-38



]hk & associates

performed for Caltrans. The following benefits have been projected by the 1989 Conceptual
Design for the Santa Monica Freeway Smart Corridor project:

Globa Travel Time reduction - 13%-15%
Fuel Consumption reduction - 2.5%
Hydrocarbons emissions reduction - 8%
Carbon monoxide emissions reduction - 15%
Surface Street Intersection delay reduced - 20%
Freeway Trip Duration reduction - 12%
Surface Street Trip Duration Reduction - 13%
Surface Street Speeds Increase - 11%.

Execution of Smart Corridor Strategies may result in real-time adjustments to elements

asfollows:

Freeway: - CMS and HAR advisory and diversion messages
Ramp Meter Rate adjustments
Improved Coordination of Incident Management
resources

Surface Street: - CMS and HAR advisory and diversion messages
Route guidance via dynamic “ Trailblazer” signing
Adjust signal timing according to desired diversion
strategy and fine-tune according to actua traffic
demand May require adaptive signal timing
techniques

Surface Street

Operations

Enhancements. - For other major arterials, including designated Super

Streets and local arterials, some event-based and
incident-management related operational strategies
are necessary. These may involve use of
changeable message signs as well as adaptive or
traffic-responsive signal operations for the length of
the roadway
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Implementation of Smart Corridor strategies requires a combination of institutional
agreements in which joint operations policies and pre-selected diversion routes are determined,
and technical elements which enable coordinated operation between multiple agencies. The
elements include the following:

- Expert Systems. Expert systems provide a means of assessing multiple data
sources and multiple agency resources, in order to determine coordinated
responses to congestion and incidents. The Architecture provides for the inclusion
of an Expert Systems for each agency within a Smart Corridor which enable
implementation of coordinated traffic strategies.

- Interties. These are interagency communications links which alow the sharing of

video transmission and dynamic data between agencies. These are discussed in
more detail in Chapter 7.

5.8.2.3 - Mutual Aid Agreements (Emergency Services)

An example of institutional coordination for incident response is providing priority access
for emergency vehicles through atraffic network by preemption of traffic signals. Thisallows
a band of consecutive green indications for emergency vehicles along their response route. For
unincorporated areas of Orange County as well as 16 cities, fire protection is provided by the
Orange County Fire Department (OCFD). Therefore, coordination of signal operations across
municipa boundaries is essential for those adjoining communities or cities adjoining
unincorporated areas which are utilizing OCFD services.

However; the use of municipal emergency servicesto assist in clearing major incidents,
including those on freeways, may often involving crossing city boundaries. As part of
operational policy discussions involving traffic management, discussions involving use of
emergency resources are essential.  In many cases, both formal and informal agreementsarein
place regarding interjurisdictional assistance. In making this policy more effective, consideration
should be given toward coordinating signal pre-emption strategies. These can be covered under
Mutual Aid Agreements.
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5.8.3 - Global Accessibility

5.8.3.1 - Interagency

Through the use of inter-ties between agencies as well as a standard communication
protocol, the IVHS Architecture will have the capability of providing agencies with any
information desired concerning local, adjoining agency, or regiona traffic conditions. Providing
these interties allows the use of multiple data sources in formulating a multi-agency traffic
management strategy, and thus becomes the backbone of the IVHS Architecture.

5.8.3.2 - Public

It is recommended that interactive terminals have the capability of operation in the most
commonly used languages in the County other than English. At the minimum, interactive kiosks
should have the capability of a menu interface in Spanish as well as English. Some areas such
as Little Saigon could utilize kiosks with Vietnamese language information. Audio information
for the blind can be made available through specia braille instructions and touch-pads at the
kiosk. Maps presented on CATV should be clear and concise enough such that they are
understandable by all regardless of language read or spoken. Dial-up information services could
also provide either separate phone numbers for Spanish-language information or a separate choice
of language.

5.9 FUTURE EXPANSION

5.9.1 - Midterm

The recommended near-term architecture contains the basic structure to evolve with
futures technology without requiring major changes. The following sections discuss the
capabilities that are anticipated to be feasible in the mid-term and their incorporation into the
architecture.  The gradual addition of enhancements as they become cost-effective and as
components are replaced or added will increase the effectiveness.
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5.9.1.1 - Overhead/Roadside Detectors to Replace L oops

Current systems (i.e., inductive loop) do areasonable job of measuring congestion, but
future sensor technologies will provide a greater range of specific measurements, particularly
speed and other characteristics. These sensors will be gradually incorporated into the architecture
as they become cost-effective, either for system growth or as older sensors fail. Newer, above
ground systems (e.g., radar, microwave, acoustic) do not need to be buried in the pavement, but
can be mounted above the roadway or at the roadside. This means that maintenance is easier,
faster, and less disruptive. Construction costs are al so reduced.

5.9.1.2 - Proactive Congestion Management

As expert systems for traffic management are implemented and historical information and
and pattems are developed, a more proactive approach to congestion management becomes
possible. Thisapproach results in anticipating traffic flow conditions rather than merely reacting
to previous conditions, based on the system’'s knowledge of operations. The expert systems can
use the more refined information to assess the situation beyond the current data. In particular,
the combination of improved sensors and intelligence will alow the prediction of developing
conditions, rather than establishing a current condition. If congestion is approaching an
unacceptable level, the expert system can then take actions which allow the various IVHS
agencies to inform and/or divert the traffic.

5.9.1.3 - Real-Time Multi-Mode Routing.

The above capabilities form the basis for pre-trip or in-vehicle route planning. Once the
systemis ableto predict travel times between an origin and a destination based on predicted level
of service over the length of the trip, it can give a traveler a recommended route based on real-
time conditions. The use of AVL for transit will alow the system to know the location of all
trangit vehicles. This can be incorporated into the predictive agorithms, giving real-time
expected time of arrival of the transit vehicles. By using the predicted transit link times, route
planning becomes multi-modal. For example, the traveler may be told that a bus will be arriving
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at the comer in 5 minutes, and that even with atransfer it will take him to his destination in less
time than would driving in the current congestion. In-vehicle systems will most likely be in use
in this period, and through two-way communications they could take advantage of the
information. For example, a motorist on the freeway might be informed that he is approaching
a park-and-ride facility where he can catch a train to his destination rather than sit in congested
traffic. Ridesharing could be enhanced through electronic notification to motorists of someone
else wanting to go to the same destination. Such a capability would support those with irregular
work hours who wish to carpool and use the HOV lanes.

5.9.2 - Long-Term Additions/Enhancements

The long-term advances will tend to be more autonomous, or vehicle-oriented in nature.
Such elements include the following:

Platooning
Advanced in-vehicle information
Transmitting in-vehicle vision systems

While the vehicleis not an integral cost component part of the architecture, the long-term
architecture will provide the maximum amount of support and interaction with systems provided
by various vendors in vehicles. Planning for this phase of the architecture requires an
examination of Advanced Vehicle Control Systems, or AVCS. The benefits of such systems are
as yet unknown due to the experimental nature of the technologies at thistime. Asthese systems
are tested, implemented and shown to be reliable, a better idea of the benefits and feasibility will
be developed in the future. Chapter 6 provides a summary of in-vehicle sensors and other AVCS
techniques.

Most of the mgjor advancements needed to implement AV CS must be made in the
vehicle. The design of the architecture of the infrastructure for AV CS should concentrate on the
following:
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1. Ensuring that vehicle-to-infrastructure communications bandwidth and protocols
can support the required exchange of information.

2. Ensuring that the performance of sensors is compatible with the millisecond re-
action times of vehicle AVCS components.

3. Ensuring that the data processing capabilities of the IVHS infrastructure is
adequate to support the higher density and higher speed of traffic that will occur
when AVCS is implemented.
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6. THE STATE-OF-THE-ART IN IVHS

This chapter provides a technical overview of 1VHS elements, focusing on these
techniques for initially defined in Chapter 2 and incorporated into system architecture in Chapter
5. These are discussed based on the previously-defined IVHS functional areas:

Surveillance
Communications
Traveler Interface
Navigation/Guidance
Control Strategies
In-Vehicle Sensors
Data Processing

These areas and the enabling technologies are examined in further detail below, and
related where necessary to the recommended applications for Orange County.

6.1 SURVEILLANCE

The purpose of surveillance is to obtain real-time operational infomation from the
roadway network and from the vehicles along the network. This real-time operational
information may be used for the following purposes:

Congestion Measurement

Locating an Incident

Device Status

Emissions Measurements

Measurements for Transportation Planning Purposes
Environmental (Weather) Measurements

6.1.1 - Data Requirements

Traffic flow along a segment of roadway can be described in terms of the following
parameters:
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- Volume - a measure of traffic demand; the number of vehicles passing a point
(i.e., detection zone) during a specified time period

- Occupancy - a measure of traffic density; the percentage of time that vehicles are
present in the detection zone

- Speed - ameasure of rate of motion of the vehicles (e.g., miles/hour); typically,
the average speed of al vehicles passing through the detection zone

Average Vehicle Length - a method of classifying the different types of vehicles
(by length) passing through the detection zone

These attributes can be used by the system to define the demand level, the utilization of
capacity, potential incident (or other bottleneck) locations, and the level of service or performance
or network segments.  The information can be used also within system algorithms such as
incident detection and travel time, and calculation of signal timing parameters. Additional traffic
flow descriptors -- such as vehicle locations and identification roadway conditions, vehicle
weight, number of axles, etc. -- may also be required by a system. These additional applications
may be appropriate for transit management, automated toll collection, and freight movements.

6.1.2 - Technoloqies

Three types of data collection devices are available. These include:

- Static (roadway-based)
- Mobhile (vehicle-based)
- Visual (use of live video cameras)

Exhibit 6.1 examines the capabilities of each of these data collectors in terms of the
technol ogies available currently or under development. The Project Team intends this table to
be a comparison of techniques only. It is expected that a multiplicity of these technologies will
be incorporated into the County-wide IVHS Architecture. Given a uniform set of functional
requirements, it is emphasized that reliability and accuracy are extremely important. Meeting
these requirements will allow the production of information of uniform quality and functionality.
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MONITORING / DETECTION TECHNOLOGIES

Tvpe Technology Observable Data Mounting Cost | Installation | Reliability | Accuracy
nducﬂve[oops Counts, Presence, OCCS (Speed, Density, Axles w/ algorithms| Embedded In road Low- Medum [ moderate Moderate Medium-High
Plazoelectric Counts, Speed, Weight Embedded In road LOwW LOwW High (est.) High
Radar Counts. Presence, Occs, Speed Density Overhead or side of road Low LOW Moderate (est.) | High
Passive Infrared Counts, Presence, Occs, Density Overhead or side of road ow Low Moderate (est.) | Medium-High
STATIC |Active Infrared Counts, Presence, Occs, Density Overheadoside of Low Low Moderate (est) | Medium-High
Acoustic (audible) Counts, Presence, Occs, Density (Speed with multi-sensors) | Overheador side of road Low LOW Moderate (est.) | Medium
Ultransonic Counts. Presence, Occs, Speed, Density Overhead Low Low High (est.) Medium
Video Image Processing (VIP) | Counts, Presence, Occs, Density, Q. Length, Detect Incidents | Overheador side of road Medium-High | Low Moderate (est.) | Medium-High
Magnetic Counts, Presence, Occs, Density (Speed with multi-sensors) | Embedded in_road ILow LOW Moderate (est.) | Medium
ROAD VEHICLE
AVI (Bar Code) Weight, Axles, other identification or dynamic information Reader onside ofroad Bar Code ILow LOW LOW Moderate-High
AVI (Inductive Loop) weight, Axles. other Identification or dynamic Information Embeddedin road Transmitter High Moderate Moderate-High | Moderate-High
AVI (Microwave or RF) Weight, Axles, other Identification or dynamic Information Reader on side of road Transmitter High LOW High Moderate
AVI (Surface Acoustic Wave) Weight, Axles, other Identification or dynamic Information Readeron side of road Transmitter Medium LOwW Moderate Moderate
AVI (Image Processing) Read License Plates / ID's Overhead or side of road ID/LicensePlate High LOW Moderate Moderate-High
MOBILE |AvL (sign Post) Speed, Direction, Location, ID. Dynamic Info Radio transmitter sideofroad | Transceiver Low Low N/A N/A
AVL (Loran C) Speed. Direction, Location, ID. Dynamic Info Centrailec Transmitters Transceiver Low LOwW N/A N/A
AVL (Dead Reckoning)
with Digital Map Position Speed, Direction Location,ID, Dynamic Info Transmitters side ofroad Wheel SensorsCompass | Low Medium N/A N/A
with Satellite Correction Speed, Direction,Location,ID. DynamicInfo Single Satellite Wheel sensors,Compass | Low Medium N/A N/A
AVL (Global Positioning Satellite] Speed Direction, Location,ID.Dynamicinfo Microwaveto MultipleSatellites | Transceiver Medium High (GPS) N/A N/A
AVL (Radio/Multiple Access) Speed, Direction Location,ID. Dynamic Info Centralized Transmitters Transceiver Medium LOW N/A N/A
Smart Cards RiderID. Origins,Destinationbased on transitlocation Carried by travelers.Readersa TastVehicles, Toll Medium Medium N/A N/A
CollectionFacilities other sites
Closed-Circuit Television (CCTV)| Qualitativeobservationof flows,congestion,Incidents Overheadof side of road, portable Low- Medium Low- Medium Moderate-High | N/A
VISUAL | Stationary Camera Photogaph specificvehicles licenseplates Overheador side of road Low Low N/A N/A

Type - Static, Mobile, Visual
Technology - (Description)
Observable Data - Count,Presence, Occupancy,Speed, Weight Axles,Density,Queue Length, Direction,Other
Cost - Low (<Slok), Medium ($10K-30K), High ($30K)

Field Installation- Simple (minimalfield construciton)Moderate (Limited Condult)Extensive(New Conduit, Complex Comm.and Software Requirements)

Reliability— High (>1 year MTBF), Medium(8 months- 1lyear MTBF), Low 8monthsMTBF), N/A (Not Applicableor Not Available
Accuracy - High (measures most vehicles and data), Low (measuressome vehicles and data), N/A (Not Applicableor Not Available)
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6.1.2.1 - Static Devices

Static devices can encompass in-pavement, overhead-mounted, and machine-vision
technologies, aswell as the roadway-based component of Automated Vehicle Identification (AVI)
systems. Examples are discussed briefly below.

In-Pavement Detectors

The most common of this type is inductive loop detection, which has been the
predominant form of surveillance technology for almost 30 years. Loop detectors consist of a
electronically-tuned loop of wire buried in the roadway. Detections of vehicles occur when each
vehicle passes over the loop, thus decreasing the inductance during the interval. Loop detector
reliability is often a function