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Executive Summary

This study presents an analysis of the potential benefits and application of Automatic
Vehicle Location Systems (AVL) in small and medium sized transit agencies. The study
includes two major elements: a technology assessment of AVL and a transit agency/
transit user assessment. The technology assessment involved an investigation of the state
of the art in AVL and a survey of AVL vendors. The users assessment included a survey
of small to medium transit agencies that have implemented AVL to determine their
experience with the technology and the benefits it has provided. In addition, a survey was
conducted of transit users in a Wisconsin community to assess the level of importance
that transit users place on features of transit service which AVL can affect. This
information was used to identify the costs and benefits of AVL to the transit riders and

service providers.
The study reached the following conclusions:

e Automatic Vehicle Locator technology has matured to the point where it can be
implemented in a wide variety of agencies. There have been sufficient field
applications of the technology to resolve technical features of AVL and make it a
viable option for smaller transit agencies.

e Transit users place a high degree of importance on features that minimize waiting
uncertainty and increase their feeling of security. Features that AVL may provide
such as: vehicles operating on schedule, knowing when a bus will arrive if late,
knowing another bus can be dispatched if there is a breakdown and knowing there is
an emergency communications system were rated highly by transit users in the survey
done as part of this study.

e The implementation of AVL technology involves significant human factors and
management issues that should not be underestimated. AVL provides more control of
vehicles and may change the way in which transit systems acquire and use
information. Transit agencies considering the use of AVL need to examine their
entire operating procedure to assure that the maximum potential of AVL is utilized.

e AVL systems for small transit agencies may potentially be shared with other
government agencies. Cooperative arrangements with public works departments, law
enforcement agencies and other transit agencies should be explored before an AVL
system is implemented. AVL systems should be designed to be easily adaptable to
other users.

e AVL systems potentially can have large benefits, which easily exceed the costs of the
systems. These benefits largely occur to transit users through reductions in vehicle
waiting time even if only by a small amount. Other effects such as increased sense of
security and reduced response time for incidents cannot be easily quantified but
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would add to the benefits of an AVL system. Such benefits, as user benefits, may not
necessarily accrue directly to the transit agency nor be directly recoverable as
revenue. In addition, AVL systems have the potential for better management
information that can lead to more productive service and better planning for future
needs.

e The potential benefits for paratransit service are also great. AVL has the potential to
increase vehicle productivity by facilitating more trip combinations reducing waiting
time and increasing vehicle productivity.

e The benefits of AVL systems are chiefly a direct function of annual system ridership
while costs tend to vary only slightly with ridership. The benefits are also most likely
to occur on systems that have problems maintaining schedules and service reliability.

e AVL systems should be implemented in a way to maximize their impact on passenger
waiting times, since this is an area of high potential benefits. Mechanisms to increase
awareness of vehicle arrival times should be actively explored to provide the best use
of an AVL system

Based on our analysis of the nature of AVL systems and their potential benefits, the
following recommendations are made:

¢ A demonstration project or projects of AVL should occur in Wisconsin. These
projects ideally should include a demonstration of the potential for shared AVL
systems with other government agencies such as public works departments, law
enforcement agencies and other transit agencies.

e AVL system design and components must be consistent with the national and
regional ITS architecture and established ITS standard to ensure the compatibility
with other ITS systems and expandability to include other components in the future.

e C(riteria for selection of a demonstration site should include: existence of a GIS
system for the municipality, agreements between departments to share services, the
existence of a coordination committee to assure compliance with national architecture
standards, willingness to do a “before and after” study of the effectiveness of the
system, potential for paratransit/regular transit AVL coordination, needs to replace
existing communications system, and availability of radio channels for an AVL

system.

e Demonstration projects should be accompanied with a rigorous evaluation that
includes a before and after analysis of effects. Data should be collected on user wait
times, on-time performance, incidents, management practices and system usage to
assist in the evaluation of the demonstration.
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e Transit systems equipped with AVL should make an effort to let passengers know
about the system. These agencies should actively pursue systems that provide real
time bus location and arrival information to users. Such services can lead to fuller
realization of AVL benefits.

Key Words: Public Transportation, Automatic Vehicle Location System (AVL), Advanced Public
Transportation System (APTS), Benefits Costs Analysis, Survey Research
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Introduction

Chapter I

Automatic Vehicle Location Systems (AVL) for Public transit have become readily
available in the last several years and have been utilized to track the locations of transit
vehicles in real time. They have been promoted as being beneficial to the transit industry
by offering transit agencies more flexibility in monitoring and managing their vehicles
and by reducing customers’ wait time and increasing riders’ (perceived) security (Gomez,
Zhao and Shen, 1998). These systems are being implemented primarily in large transit
systems where the AVL can provide obvious efficiencies in managing a large fleet of
vehicles (Casey, et al. 1996, 1998).

However, there is little prior work that specifically dealt with AVL applications in small
and medium sized transit agencies, i.e., transit agencies with fleet size less than 50
vehicles. In addition, there has not been much formal research work with small systems in
terms of how ITS and AVL could benefit them. It is generally felt that agencies with
large fleets and employment can gain efficiencies that are large enough to justify the costs
to implement the technology. However, the question still remains if AVL system can
benefit small and medium size transit agencies as well?

This study specifically addresses the issue of the benefits of AVL applications in small
and medium sized transit agencies. The study includes two major elements: a technology
assessment of AVL and a transit agency/transit user assessment. The technology
assessment involved an investigation of the state of the art in AVL and a survey of AVL
vendors. Under the users assessment, small to medium transit agencies who have
implemented AVL were contacted to determine their experience with AVL and the
benefits it has provided. In addition, a survey was conducted of transit users in a
Wisconsin community to assess the level of importance that transit users place on
features of transit service which AVL can affect. This information was used to identify
the costs and benefits of AVL to the transit riders and service providers. This information
then provides a framework for conducting benefits costs analysis. The study concludes
with suggestions for transit agencies that are considering the adoption of AVL systems.

This study was conducted under the sponsorship of the Wisconsin Department of
Transportation. We would like to express our appreciation to Linda Lovejoy, Hector
Gonzalez, and Dixon Nuber of the Wisconsin Department of Transportation and the
project advisory committee for their helpful input on the project. Active members of the
advisory committee included representatives of transit agencies in La Crosse, Manitowoc,
Appleton, and Watertown, Wisconsin. During the project, advisory committee members
and project staff visited AVL systems operated by Milwaukee County Transit System and
American United Taxicab in Milwaukee to increase their familiarity with AVL. The
assistance of the agencies is gratefully acknowledged. The research reported here is the
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product of independent university research and the opinions expressed are not necessarily
those of the project sponsor.

Project Objectives

The objective of the project was to conduct an analysis of the potential benefits of
Automatic Vehicle location Systems for small and medium transit systems in the
state of Wisconsin.

Using this statement and comments from the project steering committee the
following list of tasks was developed for the project:

1. Identify the state of the art in automated vehicle location systems, how
they are used, and what are their benefits.

2. Identify current transit systems that employ AVL technology and

establish how these systems are used, what benefits have been

demonstrated to date.

Identify how on-board riders would respond to AVL technology. This

includes not only how beneficial they would view such technology, but

also how they would rank it along with other transit services.

4. Identify the major providers of AVL technology to the transit industry
for the acquisition of information on the latest AVL abilities and how
many and type of this systems have been installed.

5. Identify and develop a list of AVL benefits that show its impact to the
transit agency and its riders.

6. Develop a Cost/Benefit analysis that demonstrates the impact of AVL
technology on an agency.

7. Make recommendations on the deployment of AVL systems for
smaller transit authorities.

(VS

Additional work was also done on combined or shared AVL systems. This work,
done at the request of the project steering committee, examined and evaluated
joint use of an AVL system among different departments.

Review of Literature

Many studies in the literature focus on the development of the AVL technology.
For example, Cain and Pekilis (1993) in their article on the development history
of AVL give a good description of the shift from Loran C, Signpost and Dead-
reckoning to the present global position systems (GPS) with enhanced real time
location tracking and schedule monitoring. Dana (1997), Okunieff (1997) and
Khattak et al. (1993, 1996, 1998) also provide a good overview of the GPS
technology and the role of AVL for bus transit. These studies on AVL systems
highlighted the fact that GPS was the most popular technology available in the
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market at present. A wide variety of features can be added to the basic AVL
system. Smart cards, electronic billing, passenger counters, maintenance
monitoring system, etc., are some of the examples.

On the other hand, very limited literature is available on the cost-benefit analysis
for the applications of AVL systems in transit agencies. One reason for this could
be that it is a relatively new technology, and there is little data available for
detailed cost-benefit analysis. Gomez, Zhao and Shen (1998) cite the example of
Six transit agencies in their paper and highlight the different service
configurations, fleet, objectives, and other requirements that would determine the
cost of an AVL system. Their survey of transit agencies using AVL and those in
the implementation stage showed that improving schedule adherence, emergency
response and providing real-time travel information were the three most important
factors in opting for AVL technology.

Some transit agencies have compiled reports on the evaluation of their advanced
public transportation systems (APTS) technology. Potomac and Rappahannock
Transportation Commission (PRTC) presented their findings to the TRB in April
1996. They were successful in implementing flex-routing and feeder services
because of the AVL system. They estimated annual savings of $869,148 for the
Fiscal Year 1997. McKeen (1997) from the University of New Mexico cites
another success story in his evaluation report on the Urban Rural Intelligent
Corridor Application (URICA) prepared for the city of Albuquerque. The main
factor influencing implementation of AVL technology in this case study was to
determine the ability of an advanced regional management and response center. A
study conducted by the University of California, Berkeley, assessed an annual
saving of $488,000 from the installation of AVL at Outreach, Santa Clara Valley,
California in the year 1996-97 (Chira-Chavala, 1997). However, the transit
management feels that this was not an if-then relationship because the benefits are
difficult to measure. While they could attribute improved efficiency and increased
ridership to the new system, the task of measuring it in revenue dollars saved was
perceived as difficult, because there are other factors such as increasing fleet
capacity occurred at the same time.

Outreach has also successfully implemented a Broker Model to serve fifteen cities
within the valley region as a shared AVL system (Chira-Chavala, 1997). This
gave rise to the idea of considering a multi-agency model or AVL system shared
between other departments in the city besides the transit agency. Not much
information was available on this front and therefore this question was included in
the survey of agencies using AVL to know if they were considering something
along these lines.

Evaluation of the Benefits of Automated Vehicle Location Systems
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Identification of AVL Benefits

AVL systems are expected to have some specific benefits to transit agencies and
to transit users. The concept of a “benefit tree” provides a useful framework for
the analysis of benefits. Based on our review of existing AVL systems, the
literature and vendor information, a benefit tree was developed. These are
illustrated in the following diagram.

AVL
BENEFITS
Operational User
Benefits -7 Benefits
Better
Morale and Cost Schedule . Time R
- Revenue : Complaint . Less Risk
Image Savings Efficiency Response Savings
Reduce Rzzglo‘ﬁ:e Eg:c'j?:t More Fleet Greater Wait Cushion In-Veh Safety Security
Staff Time System Ridership Reduction {| Productivity Time Time Time
Existing Future Less More
(}
i Breakd s R
Security || Breakdowns || Safety Routes Planning r?DeIa(:/v;n Certainty

Figure 1: AVL Benefit Tree

The benefits identified were classified as either an operational benefit to the
transit agency or as a user benefit that occurs to transit riders.

Operational Benefits

The advantage of AVL to the operation and management of a transit agency is
centered on its ability to provide a more efficient service and to reduce costs. The
benefits from an AVL system may include cost reductions by the elimination of
staff and reducing response time to incidents. Also AVL systems potentially can
increase the efficiency of existing routes and provide greater productivity without
increased staff or vehicles. Both of these areas may lead to greater revenue
generation through cost savings and the increase of potential ridership. The
unmeasurable benefits of AVL to an agency have to do with the ability to use
AVL to increase awareness and pride in the existing service.

Cost Savings

AVL may be effective in reducing the cost of managing a transit system in
several ways. The first is the ability to reduce or reassign existing staff if
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their function can be handled by the AVL. For example, systems may no
longer need field personnel to do on time performance checks. AVL
provides an opportunity to evaluate and reassess existing staff positions.
The next area of cost savings comes from the reduction in response time to
incidents which may require police, fire, medical, insurance personnel, or
maintenance. In this case the ability to pinpoint a location, takes much of
the guesswork out of directing these people. The final area of cost savings
can come in a more efficient use of radio systems. In many cases AVL
reduces the need for direct communication between the base and the
vehicle. Thus it saves airtime and its related expenses.

Additional Revenues

Better efficiency and reliable service may also lead to additional revenue.
AVL allows the agency to provide a better service that may attract more
use. This better service gives it the ability to offer higher standards of
service and a means to promote the system.

Schedule Efficiency

Shorter headways, better productivity, and possibly fewer vehicles are a
few of the ways that AVL improves an agency through improving its
schedule performance. By tracking vehicles as they move, an agency can
locate ways of modifying existing routes and schedules. Relocating
existing routes may also help attract more riders while modifying transfer
times and headways. It can also help with signal preemption in busy
intersections for transit vehicles.

Better Complaint Response

An important part of dealing with the public is having the answers to their
questions. Many of these questions come in the form of complaints about
the service or possible damage to personal property. AVL gives an agency
a tool to validate complaints. In this fashion the management can
acknowledge or dismiss claims with the documentation that AVL can
provide. For example, complaints such as “the vehicle did not show up”
can be verified and handled appropriately.

Morale and Image

There may be perceptions by the general public that waiting and riding on
the bus is not safe, too much time is wasted waiting for the vehicles to
arrive (which are never on time), and that it costs too much to ride. AVL
can address many of these perceptions as well as give the agency a modern
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appeal, which helps to improve morale of agency staff and improves the
image of the service offered. For instance, on-time performance can be
shown in kiosks, display units in bus shelters or even on the Internet.

User Benefits

Benefits to transit riders are classified as those that reduce their risk and or
provide time savings. Risk is reduced because communication is quicker with
security personnel. Reduced incident response times as well as reducing the
amount of time one waits for a vehicle are positive benefits. Time saving benefits
come from a reduction in the wait-time at a stop. AVL keeps the vehicle on time
and reduces uncertainty so users may need less cushion time for waiting.

Procedure

Time Savings

It has been demonstrated that a rider’s perception of time as they wait for a
vehicle is longer than the actual time. Thus, many people believe that they
are waiting more time than they really are for the transit vehicle to arrive.
This is compounded by the riders arriving at transit locations early to
avoid the chance of missing their ride. By providing better on time
performance and increased reliability, AVL can reduce the time needed by
a user to arrive early to a stop and gives them more confidence that a
vehicle will arrive at its posted time.

Less Risk

Security can be an issue with many users. AVL can provide a sense of
security on the vehicle when riders are made aware of how the system can
pinpoint the vehicle in emergencies. Furthermore, more rapid response
time with the AVL can lessen the severity of any incidents that may occur.

~ The project had two major elements, a technology assessment and a user
assessment. The technology assessment included a state of the art analysis of
AVL technology and a survey of AVL vendors. These were conducted by
telephone and by use of the Internet. The user assessment included on-board
surveys of transit users in Manitowoc, Wisconsin and a phone survey of Transit
Agencies which have adopted AVL technology. The results of these surveys are
given in the next chapter. Survey questionnaires were tested extensively to refine
the questionnaires and to decrease the response task of the respondents.
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Project Summary Reports

Chapter 11

Under this project, a series of studies were conducted of the AVL technology, AVL
vendors, transit agency use of AVL and transit user attitudes towards AVL attributes.
This chapter provides a summary of each of these four efforts. Full reports of the state of
the art and vendor studies are provided in the appendix.

AVL State of the Art Report
Introduction

AVL provides the ability to locate and track multiple vehicles as they travel in
real time. AVL is used to locate, manage, and plan the movement of a fleet of
vehicles by evaluating their current performance and making adjustments
accordingly. Using AVL to locate vehicles in real time is beneficial for everyday
operation and for critical incident response. By knowing the precise location of a
vehicle, agencies can better maintain schedules and improve on time performance.
AVL can also help an agency deal with criminal activity, medical emergencies, or
mechanical breakdowns. Locating a vehicle while it travels is also helpful when
there is a need to document its location. This can arise in cases of verifying legal
claims, rider complaints, and driver performance.

AVL when used as a management tool has the ability to monitor and relay
information back to the office as it occurs. Management can observe relations
between bus performance for different times of the day and with different drivers.
Using this data is beneficial for adjusting service schedules and managing staff.
All of these applications can help management make decisions about operations.

AVL is atool that allows an agency to evaluate and pursue new ways of adjusting
their service. This includes examining how a bus performs on a new route
through trial runs and adjusting the headway of current routes based on the data
collected. Using AVL in planning helps an agency find areas that need
improvement so service is preserved, efficiency is increased, and operating costs
are cut.

AVL may also have application in cutting costs. Reducing the personnel needed
to manually locate vehicles on the streets along with the ability to monitor how a
vehicle is performing on a given route may provide cost savings.

Currently there are four different types of AVL technology in use. The use of
these systems has evolved with the introduction of better products and newer
systems. The types of systems that are in use include GPS, Signpost, radio
navigation, and Dead-reckoning.
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Locating Systems

In 1996 the Federal Transit Administration (FTA) listed 58 AVL systems as
currently in operation or planned for installation throughout the United States.
The four types of AVL systems in use were Global Positioning Systems (GPS),
Signpost, Radio Navigation, and Dead-reckoning. These AVL systems can be
used as a “stand-alone” or in combinations. For example, the Chicago Transit
Authority utilizes not only GPS but also Dead-reckoning to locate its vehicles.
Other systems such as the Milwaukee County Transit System only use deferential
GPS. A description of each type of AVL technology follows.

GPS Technology

Global Position System (GPS) technology is relatively new and is considered to
be a leading form of advanced technology. Global Positioning Satellites are the
property of the US Department of Defense. Although originally created to serve
the military’s need to locate vehicles on the battlefield and ships at sea, this
technology has now moved into use by the private sector. The system utilizes a
total of 24 high earth orbit satellites (11,000 miles), traveling in spherical orbits,
that broadcast two signals (L1 and L2) every second. The two signals supply
similar data except at different frequencies. The data consist of location
identifiers and the precise time at which the signal was sent from the satellite.
The time variable is essential to the success and accuracy of the system. Each
clock on the satellite is capable of measuring time to better than a 10 seconds.
The clock in each satellite (each satellite has four, of which three are backups) is
synchronized to the clock in a receiver on the earth’s surface. Thus by utilizing
the signals generated by at least 4 satellites a receiver on the earth’s surface can
calculate the pseudo-range and pseudo-velocity of the satellite by using the
difference between clocks. This data can then be processed to determine the
latitude and longitude of the GPS receiver.

GPS has proven to be very accurate, with a few exceptions. As mentioned before,
GPS is owned by the United States Department of Defense (DOD) under the
NAVSTAR Joint Office, and is currently subject to its shared use policies. The
DOD chooses to degrade the GPS signals. This action is referred to as “selective
availability” and accounts for the majority of error in the GPS signal. Besides
selective availability there are other errors that effect the accuracy of GPS. The
most common error has to do with the receivers. The synchronized clocks have to
be precise. Errors in the clocks of more than 107 second could result in an error
of almost 1,000 miles off in any direction. Most commercial clocks however are
good to the 10 second. Other sources of error can come from the atmosphere
and electromagnetic interference.
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Signpost Technology

An early system utilized for vehicle location was signpost. This technology tracks
vehicles as they pass specific points utilizing short-range communication
technology between the vehicle and the signpost. There are many types of
signpost systems that are in use by different agencies. Current varieties of
signpost technology include optical scanners, magnetic strips, short-range radio,
and beam emission. Each type of beacon has different power consummation rates
and varying effectiveness under a variety of conditions.

Currently there are two methods for utilizing signpost technology. The first
method is referred to as a “traditional signpost” system. This method uses the
signpost as the short-range transmitter. When a vehicle passes by a signpost it
acquires the signpost’s ID through a short-range signal broadcast by the device.
Along with the signpost’s ID the vehicle also records the odometer reading
simultaneously. Later, when that vehicle is contacted by the agency to gives its
position, the signpost’s ID, old odometer reading, and current odometer reading
will be needed. The ID will indicate the last location of the vehicle and the
differences between the odometers will indicate how far the vehicle has traveled
from that point. A current location of the vehicle can then be determined along
the route. In the other method, referred to as the “neo-traditional signpost™
system, the location device acts as the receiver. At the point a vehicle passes each
signpost the vehicle’s ID is transmitted to the signpost and then relayed through to
the agency. By knowing the site of each signpost and each vehicle’s ID the
location of every vehicle can be monitored as they pass by a signpost. This
method does not require additional information such as the odometer reading.

Dead-reckoning Technology

Dead-reckoning employs the use of mathematical principles for locating vehicles
as they travel. In theory, if a vehicle’s starting point along with its speed and
direction is known, then the location of the vehicle can be calculated in respect to
that original starting point. Early mariners first used this system of navigation as
they traveled at sea. By using maps that located known land masses as starting
points along with information on the wind and current speeds they could plot
courses and arrive at a set destination. Today the electronic land navigation of
Dead-reckoning is done with wheel rotation monitors (for speed) and internal
compasses (for direction). Although the principles are the same, the paths are
electronically monitored continuously by use of computers and data inputs for

accuracy.

A Dead-reckoning system needs two different types of data, direction and distance
traveled, to locate a vehicle from a given starting point. The first data type,
distance, can be acquired by counting wheel rotations. Wheel rotation data can be
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acquired though three separate methods. The first method uses a system of tags
place on the wheel and a reader on the stationary inner wheel hub. As the wheel
turns the reader counts the number of times it senses the tags. These data are then
used to compute speed and distance traveled. The next method utilizes a “linked”
mechanism. A chain or belt device is directly linked from the vehicle wheel to a
smaller wheel on the reader. The reader acquires the distance traveled and speeds
of the vehicle by counting the rotation of the reader’s wheel. In the last method if
the vehicle has an odometer the reader is linked directly to it. In this way the
wheel revolutions have already been counted, by the odometer, so the distance
traveled is known. Data on the vehicle’s direction can be acquired by using an
internal compass. The onboard compass observes the direction the vehicle is
positioned. Both data components are needed to estimate the location of a vehicle
for accuracy.

Ground Based Radio Technology

GBR, or Ground Based Radio technology, uses radio triangulation to locate
vehicles. The system can operate with one or more antennas that broadcast a
signal. In most cases a broad spectrum is used to improve signal quality. The low
frequency waves along with an associated timing are used to calculate the
vehicle’s position. Today GBR technology is behind Loran C systems. Loran C
uses a low frequency wave that is generated by several towers that are
synchronized to each other. Each station will transmit in an order and at an exact
time in relation to the others, forming a pattern. A receiver that picks up the
signal knows what the pattern is and can calculate its position based on the
deviation from that pattern.

Loran C, which is maintained by the United States Government, under the
direction of the Coast Guard, will be scraped by the turn of the century. Currently
only a few agencies utilize Loran C technology. No additional new systems are
planned.

Communications Hardware

Good communications between the components in the field and at the office is
critical to the successful operation of the total AVL package. The communication
between the on board systems and the agency requires a fast rate of data
exchange, since each vehicle’s location hardware is generating continuous streams
of data. There are currently several types of communications packages. Some of
these include traditional radio, analog cellular, and advanced digital technology.

The major communication systems available for utilization in AVL applications
consist of Radio, Cellular, and Satellite technologies. In transit agencies today,
the most common method for communication is analog radio. This system
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remains one of the cheapest forms of direct communications available. Analog
systems, however, have significant drawbacks when used in AVL systems. This
is because of the need to translate data from digital to sound. This process of
translation requires additional time to process the data and additional airtime to
send it. In the future it is more likely that digital radios with their ability to take
data in its digital form will eventually replace analog.

Mapping Systems

Another component of AVL is a computer display or mapping system. Once the
vehicle has been located using AVL hardware, its position calculated, and then
communicated to the agency it must be located on a map. Computer maps are
responsible for taking the information being supplied by the vehicle and
displaying 1t on a digital roadway database. Many of these digital maps are sold as
part of the total AVL package.

The digital map database, needed to display the vehicle locations, can be obtained
by an agency in through several sources. The easiest method is to purchase the
map information. Currently there are several vendors that sell digital maps
throughout the United States. The maps vary in price depending on what
information is required. The coverage of these maps is good but also limited to
most large-scale urban regions. For smaller urban areas ready-made digital maps
may not exist. Digital maps for these areas will have to be created. This is done
by two methods. The first is by digitizing current street grids off local maps and
creating the database from scratch. This is a time consuming process that requires
a large investment in time. The other method creates a map database from data
supplied from the Federal Government. The Federal Censuses Bureau compiles
digital map data in “TIGER” files. These files contain roadway information that
can be used to create a local map database.

Conclusion

The current AVL systems combine positioning hardware, a communication
package, and a computer display system to monitor and track a vehicle’s
movements in real time. The advantages to the agency that uses AVL is the
ability to observe, collect, and analyze information about a fleet’s performance as
it travels in real time. This data give an agency the ability to make better and
more informed decisions while also providing quicker response to emergencies.
The benefits to the rider mean better on time performance and less waiting.
AVL applications appear to have focused on GPS technology as the primary
means of tracking vehicles. This should be sufficient in all locations except in
places where large buildings, tunnels or mountains block access to satellite
signals. AVL also appears to be adaptable to all forms of radio communications
from analog to digital. AVL can also work with most mapping software.
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Transit Agencies’ AVL User Report
Introduction

In order to get information about the experiences of agencies using AVL systems;
a telephone survey was undertaken of transit agencies that are currently using
AVL systems. The list of agencies contacted is shown in Table 1. This survey
concentrated on small transit agencies rather than large agencies. Prior to the
survey, a list of probable questions was mailed to these agencies to prepare them
for the questions during the telephone interview. Questions dealt with reasons for
seeking AVL, AVL benefits and drawbacks, funding, pitfalls, system sharing, and
cost benefit analysis. A copy of the question list 1s given in the appendix. Most
managers were willing to share their experiences in an informal discussion
following the questions in the survey.

A few agencies forwarded bid documents and reports that would be useful for
other agencies considering an AVL system. The highlights of the survey have
been summarized below.

Automated |On-time |Real-time Efficient |Customer | Automated
dispatch & |perform- |information |use of communi- { billing &
City/ System scheduling {ance resources | cation payroll
Napa, CA — The Vine X X X
San Jose, CA - Outreach X X X X X X
Santa Monica, CA - SMMBL X X X X X
Cocoa, FL — SCAT X X X
Palatka, FL — Arc Transit X X X
Winston-Salem, NC - WSTA X X X X X
Albuquerque, NM - SunVan X X X X X
Rochester, PA - Beaver CTA X X X X X
Scranton, PA - COLTS X X X
Woodbridge, VA - PRTC X X X X X X
Sheboygan, WI - STS X X X X

TABLE 1: Agencies Contacted and AVL System Highlights
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Summary of Findings

1. Reasons for seeking AVL:

. When asked the reasons for implementing an AVL system, the following
responses were given:

Efficient use of resources. Most small and medium sized agencies are
operating on tight budgets and cannot generate enough revenue to improve
the services. They felt that an AVL system would help utilize resources
more efficiently.

Improve on-time performance through fleet tracking. The GPS output
helps identify trouble areas and can be used for improving on-time
performance.

Get real-time information about the vehicles. The 20 to 30 second
feedback on the Jocation of the vehicles helps track them. It is very useful
for paratransit services where the vehicles can be guided to the correct
address in case the vehicle is off-route.

Improved customer communication. Customers can be given the exact
location of the vehicle at any given time. Even customer complaints
regarding no-show vehicles can be handled with the GPS data output.
Automated dispatch and scheduling.

Automated billing and payroll.

2. Benefits of the system:
The major benefits of the system cited by the agencies were given. From the
management point of view the major benefits are:

Improved efficiency of the system: The feed back from the system allows
the agency to re-route vehicles during peak times. Routes that show poor
patronage can be rescheduled to demand-response or flex route. On-time
performance can be better monitored.

Improved Customer Communication: Disputes about non-arrival of
vehicles and similar customer complaints can be better handled because of
documented evidence of the real-time location of vehicles.

Interviewees indicated that the most important benefit of the AVL system
s for flex routing services. Because of the AVL technology, flex routing
and paratransit can be incorporated into the regular service. This saves the
number of vehicles needed. Agencies like Woodbridge, VT (PRTC) that
operate in low density areas could encourage choice riders by offering flex
route services and convenient pick-up points.

Decreased reservation time. Paratransit services prior to the AVL system
required 24 to 48 hour advance reservations. With the AVL this time has
been brought down to an hour or half in'many cases. Occasionally real-
time scheduling can also be done, therefore saving time and resources.
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3. Drawbacks of the system:

The system has proved quite beneficial to most agencies although there have
been problems at the implementation stage. Integrating the AVL system with

" automated scheduling and dispatching, the radio system and other software and
hardware components have often proved to be a big hurdle. PRTC have been
struggling to get their system fully operational for the past three years. The
major problem zone was the integration of the AVL system with a pre-existing
analog radio system. Digital radio communications fit better with the AVL
system. Then again some agencies had different vendors supplying different
parts of the AVL system and often the products did not integrate well.
Agencies that got in entirely new systems have had no complaints. They could
bring in entirely new technology. This however would hike up the price of the
entire project. Agencies like Sheboygan transit have had their system for 10
years and never had a major breakdown until recently. Outreach California
compares their system to a kitchen appliance in reliance and durability.

4. Funding:

State and local governments along with FTA have been the usual source of
funding for these projects. However, in some instances like at Outreach,
California, a public-private partnership was formed between the government
and other corporations in the Silicon Valley to bring in extra money for
operating the service.

The cost of the system varies greatly depending on the capabilities of the
system. Arc Transit, Palatka, Florida had a relatively inexpensive system where
the base station cost $46,000 only. This was because they cut back on their
radio time and real-time information and fleet tracking capabilities.

City/ System System Cost | Fleet Size
San Jose, CA - Outreach $750,000 15 buses, 55
vans
Palatka, FL - Arc Transit $50,000 14 buses
Winston-Salem, NC - WSTA $235,000 17 buses
Scranton, PA - COLTS $ 357,935 32 buses
Woodbridge, VA - PRTC $ 245,000 20 buses

TABLE 2: Fleet Size and Their Related Costs
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5. Pitfalls:

There are numerous vendors in the market selling AVL products. An agency
has to first and foremost have a clear idea about their needs and look for a

_ specific system. It is extremely important to bring in a reliable consultant,
familiar with both transit operations and technology issues. It is worth the
expense to do a needs analysis. '

Outreach attributes its success to the fact that they hired an engineer for
technical support from the vendor. This gave them the advantage of getting
complete technical support from a person who was directly involved with the
installation process. If the system is being put together by different vendors, it
is essential to get some assurance of the compatibility of different software and

hardware being used.

Good radio communication 1s also essential. Old systems like Sheboygan are
updating their radio system after ten years. The Palatka, Florida, system has its
own radio channel and is therefore thinking of leasing out airtime. PRTC,
Virginia, have not been able to get their system working in three years because
of the problems with the radio channel. High rates of owning radio channels in
Washington, DC, area has led to implementation problems.

6. Sharing the system: Broker Model

Outreach, California has developed a Broker model that caters to 15 cities in
Santa Clara County. The State of California put out bids for the paratransit
dollar allocation in compliance with the ADA regulations. Outreach secured
the contract. They in turn contract with other paratransit companies who own
or lease the wheel-chair accessible vans. Outreach provides the AVL-GPS
equipment for these vehicles. Outreach also handles all the scheduling,
dispatch and contract management. Outreach does not own the vehicles doing
the rides. The other agencies in turn pay Outreach for the services.

There are seven vendors contracting with Outreach for these services. They
provide services to fifteen cities in Santa Clara County.

7. Cost Benefit Analysis:

Only one agency amongst those contacted had done a cost benefit analysis for
the system. University of California, Berkeley, assessed an annual saving of
$488,000 for Outreach, in the year 1996-97. However, the management feels
that this is not an if-then relationship because the benefits are difficult to
measure. All the other agencies shared this view. While they could attribute
improved efficiency and increased rider-ship to the new system, the task of
measuring it in revenue dollars saved was perceived as difficult. Often
technical staff replaced lower and middle level staff, or the fleet capacity was
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increased; therefore, generating figures was difficult. PRTC, Virginia compiled

a cost-benefit report to evaluate the flex route service and its benefits over

fixed route service. This can indirectly be attributed to the AVL system, which

facilitates organizing an efficient flex route service in low-density areas to
“encourage choice riders.

On-board Rider Survey Report
Introduction

An on-board transit survey was conducted on Friday, January 23, 1998, on the
Manitowoc, Wisconsin transit system. The purpose of the study was to evaluate
the importance placed on AVL features by the riders in a small sized transit
agency. The results would help evaluate the value of implementing an AVL
system in small sized transit agencies to help improve the services. The survey
was conducted to get feedback about the riders’ concerns and perceptions about
improvement in services. '

Manitowoc was selected because it is representative of a normal small sized
agency. They operate five full-time dedicated buses and one for flex scheduling.
Five surveyors from the University of Wisconsin, Milwaukee administered the
survey. The survey began at 6:15am with the first trip of the day and continued to
approximately 2:00 p.m. The questionnaires were handed out on board the bus
and collected back during the ride. The administering team was always at hand to
help the respondents. The overall response rate was around 80 percent.
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Summary of Findings
1. High proportion of Senior Citizens.

* Senior citizens accounted for 27.1 percent of the total ridership on the day of

the survey. (The survey was conducted on a day when the schools were
closed.)

Figure 2. Manitowoc On-Board Survey: Age Group Pie Chart

2. Frequency of using transit.

It was observed that 31 percent of the people riding more than 5 times a week

are Senior Citizens. Therefore, any policy implication must keep in mind the
needs of this Group of riders.
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Figure 3. Manitowoc On-Board Survey: Frequency of Riding
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3. Rider perceptions.

The responses to questions regarding the riders’ rating of elements of transit
service were weighted and ranked in order to identify the relative importance of
~ the major factors that affect riders’ decision to ride a bus. The most important
ranking is scored 1 and the least important ranking is scored 5. These scores
were then weighted using the frequency of respondents who selected the
factors. As shown in table 2, bus arrivals on-time and real-time information are
the two most important factors. However, it should be noted that all the factors
range between 1.48 and 2.82, implying that all were important in the riders’
decision in using transit. Only calling out the stop had an average rating near

the middle of the scale.
Variable Weighted Importance Score
Bus is on-time 1.48
Real-time Information 1.55
Low Fares 1.62
Replacement on breakdown 1.66
Emergency Response 1.68
Exact Delay Time 1.78
Auvailability of Seat 1.91
Latest technology 2.01
Display Next Stop 2.39
Calling out Stop 2.82

Table 3. Weighted Importance Index.
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4. On-time performance

The on-time performance of the bus service emerged as the single most
important factor for the transit riders. In fact, the occasional riders tended to
mark on-time performance as very important in their decision to ride a bus.
Overall, 61 percent of the respondents considered the on-time performance as
a very important factor.
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Figure 4. Manitowoc On-Board Survey: Importance of On-Time Performance

5. Real-time information.

Having real-time information on the bus service emerged as the second
important factor. About half (51 percent) of the respondents felt this was very
important in their decision to riding a bus. However, on cross tabulating this
response with frequency of riding a bus, it was seen that this was a more
important consideration for people who ride the bus frequently. For occasional
riders, the availability of real-time information was not a significant factor.
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Figure 5. Frequency of riding vs. availability of real-time information

6. Low fares.

Over fifty-six percent (56.8%) of the respondents marked low fares as very
important. Once again the highest proportion was in the frequent riders
category. This was a surprising observation as they were mostly monthly pass
holders and could get unlimited rides with their pass. The senior citizens and
students got further subsidization. Further cross tabulating the response with
age of respondent it was seen that age had little effect on the response. The
percentage of people considering fares as very important in their decision to
ride a bus was high across all age groups.
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Figure 6. Importance of low fares
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Age groups below 18 and above 65 both marked low fares as very important.
It should be noted that both these groups had monthly passes available to

them.
Age-group
Under 18 18-25 26-45 46-65 Over 65 Total
oW Very count 11 7 25 20 25 88
Fares Important % within
45.8% 50.0% 65.8% 57.1% 64.1% 58.7%
Age-group
Somewhat Count 6 3 9 10 8 36
Im portant % within
25.0% 21.4% 23.7% 28.6% 20.5% 24.0%
Age-group
Neutral Count 4 4 2 5 6 21
% within
16.7% 28.6% 5.3% 14.3% 15.4% 14.0%
Age-group
Somewhat Count 3 1 4
Unimportant o within
12.5% 2.6% 2.7%
Age-group
Very Count 1 1
Urnimportant o within
2.6% . 7%
Age-group
Total Count 24 14 38 35 38 150
% within
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Age-group

Table 4. Low fares vs. age group cross-tabulation
(Note: Totals in tables may differ because of different response rates to individual questions.)
7. Replacement vehicle.

Having a replacement of vehicle available for breakdowns emerged as the
fourth most important factor.
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Figure 7. Importance of replacement vehicle for breakdowns
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8. Emergency Response.

The idea that a bus could be equipped to contact an emergency response

service was well appreciated by most riders. It appeared as the third most
important factor on the list.
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Figure 8. Importance of emergency response

9. Delay time display.

Knowing the exact delay time of a bus was marked as very important to the
riders in their decision to ride a bus.
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Figure 9. Importance of displaying delay time
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10. Availability of seat.

Most respondents marked the availability of seats as very important. During
the day of the survey the available seats exceeded the number of riders at all
times. Even the morning rush hour volume of passengers was never more than
20 riders at any given time.
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Figure 10. Importance of availability of seat
11. Latest technology.
Knowing whether the transit system used latest technology along with the

need for calling out the bus stops emerged as the least important factors
influencing bus ridership.
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Figure 11: Importance of latest technology
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12. Calling out stop.

A cross tabulation of frequency of riding the bus with importance of having
the driver call out the stop, generated very interesting results. Contrary to the
presumption that the less frequent riders would like to know the names of the
approaching stops, it were the frequent riders who considered this as
important. One of the possible explanations could be the number of senior
citizens who might need help in alighting from the bus. However, most riders
were neutral about the importance of this variable.
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Figure 12. Importance of calling out stop
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13. Stop Display.

The response to this query was similar to the one above. Thirty-six percent
(36.6%) of the total respondents marked this as neutral in their decision to ride
a bus.
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Display Next Stop

Figure 13. Importance of displaying next stop
14. Captive Riders.

In understanding the responses it is essential to note that the majority of riders
were what can be termed as “captive” riders (i.e. they did not have an option
to taking the bus). Eighty percent of the respondents did not have a car
available to make the trip. An interesting observation in this survey was that
57 percent of the riders who said they would ride the bus more if better
information was available are those who already ride the bus more than five
times a week.
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Frequency of Riding * Availablity of car Crosstabulation

Availablity of car
No Yes Total
Frequency >5imes a Count o1 10 7
of Riding week % within
Frequency 85.9% 14.1% 100.0%
of Riding
3-5 times Count 36 14 50
a week % within
Frequency 72.0% 28.0% 100.0%
of Riding
1-2 times Count 13 1 14
a week % within
Frequency 92.9% 7.1% 100.0%
of Riding
1-3 times Count 10 3 13
a month % within
Frequency 76.9% 23.1% 100.0%
of Riding
<once a Count 3 3 6
month % within
Frequency 50.0% 50.0% 100.0%
of Riding
Total Count 123 31 154
% within
Frequency 79.9% 20.1% 100.0%
of Riding

Table 5. Frequency of rides for riders with or without an automobile
(Note: Totals in tables may differ because of different response rates to individual questions.)
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15. Potential targets

Finally, an interesting finding is that the majority of respondents who stated
that they would ride the bus more frequently if better information about the
service is printed were the ones who were already riding more than five times
a week. The ‘potential targets,” or less frequent riders, did not respond to
riding the bus more. This should be taken into consideration while thinking of

a policy implementation.

Frequency of Riding * More Information Crosstabulation

More Information
Ride
Ride More | Ride less same Total
Frequency >Stmesa Gount 19 1 51 71
of Riding week % within
More 57.6% 50.0% 42.5% 45 8%
Information
3-5times  Count 4 1 46 51
a week % within
More 12.1% 50.0% 38.3% 32.9%
Information
1-Z2times Count 4 10 14
a week % within
More 12.1% 8.3% 9.0%
Information
1-3times  Count 5 8 13
a month % within
More 15.2% 6.7% 8.4%
Information
<once a Count 1 5 6
month % within
More 3.0% 4.2% 3.9%
information
Total Count 33 2 120 155
% within
More 100.0% 100.0% 100.0% 100.0%
Information

Table 6. Rider potential

(Note: Totals in tables may differ because of different response rates to individual questions.)
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Vendor Survey Report

Introduction

AVL is a rapidly changing technology and it is important to identify companies
and products that have been around and will continue to exist in the future. This
continuity or “here today still here tomorrow” allows investments in Automatic
Vehicle Location (AVL) technology to take place with less risk of a company
dissolving and a transit agency being left without maintenance and product
support for their investment. To identify these companies a search and survey
was done to compile a list of AVL vendors and their products. This section
identifies companies that have a record of serving the transit market. It also
provides information about company profiles, products, service plans, and the
type and size of AVL systems they have installed to date. Detailed information
on the survey results and the companies contacted is in the Appendix.

Summary of Findings

The following is a list of major survey findings:

1.

(U]

Of all the survey participants, 80% have been offering AVL products and services
to the transit industry for less than 10 years. In contrast, the average number of
years that each company has been offering products and services for vehicle
tracking to the United States military and private sector was 27.

Of the survey participants, 20% offered Signpost technology, 40% offered Dead-
reckoning, and 80% offered GPS and/or Differential GPS. This shows that the
trend in vehicle location technology is toward supplying the transit industry with
GPS or DGPS. Of those vendors that offer products other than GPS, such as in
the case of Dead-reckoning, it was found that these products are used to add
accuracy to a GPS system rather than used as a stand-alone system.

Information varied about the accuracy of the individual AVL products offered.
Even among the GPS products, accuracy ranged from 300 to 100 meters and for
DGPS from 100 meters to I meter. This information shows that not all systems
have the same performance, regardless if they are in the same category.

Conventional radio was the most common communication method utilized in
AVL packages. This is due to the prevalence of conventional radio in the transit
industry. However, it was also indicated that most AVL systems could be made
to work using a variety of communication means.

In the past, personal computers (PC) used with AVL have been too “under-
powered” to run sophisticated software programs. This meant that specially
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designed workstations were custom built and used in place of the PC. With the
increasing speed and power of the microprocessor this is no longer the case. All
survey participants use a PC to display vehicle movements in situations that call
for tracking less than 100 vehicles. The PC operating systems used range from
Windows 95 to NT. At a point between 100 and 500 vehicles the option of using
a workstation or a PC should be considered. If more than 500 vehicles will be
displayed, then a workstation is still recommended.

6. The maps used to display the location of vehicles as they travel are obtained
through three ways. The first way is to purchase the map information from
outside vendors. Most major cities have been digitally mapped by vendors.
These digitized maps of cities are sold for a variety of reasons. Out of the total
number of participants, 80% said that they obtain their maps in this fashion. The
next possibility is for the AVL vendors to digitize their own map. This is usually
accomplished through the Federal Government Census’s TIGER files for less than
$100. And the final possibility is to get a digitized map from a municipality that
uses a Geographical Information System (GIS). Many GIS systems require the
same information that an AVL systems uses to track vehicles making it very easy
and inexpensive to generate the base map.

7. Service programs are consistent among AVL vendors. Information gathered from
participants showed the average system warranty to be 12 months with
maintenance provided through service contracts arranged between the vendor and
the transit agency.

8. The average number of systems any vendor has installed and is in the process of
installation was eight, with the highest number of installations being 15 and the
lowest five. Out of these systems the largest single installation of vehicles in any
given system was 12,000 (taxi system in Singapore) and the smallest was five
(Orlando, FL demo).

Conclusion

When evaluating the results of the AVL vendor survey, one can see that there are
similarities or emerging trends between different companies. With 80% offering
GPS and DGPS the trend is that this will likely become the preferred way to track
and monitor vehicles. The display units, which only a few years ago would have
been all workstations due to the under-powered PC, is now using PC’s as their
speed and processing power, have increased. In addition, it will be more likely
that vendors will also utilize existing digital maps as more municipalities generate
city grids using GIS and as the digital map vendor’s branch out from the large
urban areas. In the coming years the market will continue to converge on similar
products and methods for producing these systems will likely lead to lower prices.
This will allow for further growth and better products.
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A Framework of Benefit Cost Analysis

Chapter 111

Assessing the costs and benefits for AVL technology in public transportation is a
challenging task because a large number of benefits associated with the use of
AVL are not easily quantifiable and therefore it is difficult to assign a dollar
value. Moreover, bringing in new technology such as AVL system often acts as a
catalyst that sets in motion a whole process of changes, which is not usually
accounted for in the final results of the cost-benefit analysis. For example, since
Outreach, California decided to go in for expansion and brought in an AVL
system, the ridership has increased significantly. But it would be difficult to
attribute the increase in ridership or services to the AVL system alone in a cost-
benefit analysis. The ridership and service increase could be the result of the
complete revamping of the system, in which the new AVL system played a
critical role. This point has been raised by most of the transit agencies and they
strongly feel that this is not an ‘if-then’ relationship.

Examining the costs and benefits for technology changes is also best done in a
comparative study that has to compare the before and after figures. This implies
that in order to evaluate the benefits of an AVL system, one needs to have
conducted a similar study before implementing the system, to make a direct
comparison. Even there, a direct comparison is difficult because it is hard to
measure the organizational impact that AVL has brought in. Furthermore, the
before and after comparison also depends on the operation efficiency of the before
situations. A more efficient before-operation would make the impact of new
technology smaller, while a less efficient before-operation would make the impact
of new technology larger.

Nevertheless, there is a need for transit agencies and decision-makers to determine
if the new technology is worth the investment. A benefit-cost analysis 1s usually a
frequently used tool.

Benefits Analysis of AVL

AVL has benefits to transit users and transit agencies. AVL can help transit
agencies improve on-time performance, which can benefit transit users by
reducing wait time. The time saving translates into direct benefits to transit users.
AVL can also benefit transit agencies by increasing operating efficiencies, which
translates into reduction of operating or administrative expense. It can also reduce
the response time to vehicle incidents, thus reducing incident costs.
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User Benefits

The level of user benefits depends on the number of trips made, the value of
waiting time and the amount of wait-time saving. The more transit trips made, the
greater the wait time saved. The number of trips, or transit ridership, can be
obtained directly from transit agencies. The ridership is broken down into
different trip purposes such as home to work, school, and other non-home based
trips. The value of wait time for every trip purpose can be derived from a mode
split model such as that developed by the Southeastern Wisconsin Regional
Planning Commission (SEWPRC). The critical question is how much wait time
using the AVL technology can save. This requires a detailed study on wait time
changes before and after AVL is installed. Since there is no published number on
wait time saving, some assumptions have to be made.

An example of a user benefits assessment is shown the spreadsheet given at the
end of this section, using data from the City of Racine transit ridership for 1993 as
a case study. The annual fixed-route ridership in Racine was 1,771,000 trips and
paratransit ridership was estimated to be 17,731 trips. Among those, 29 percent
are home-based work trips, 40 percent are school trips, 26 percent are shopping or
other trips, and 4 percent are non-home-based trips. Parameters to convert time
savings into dollar benefits were derived from SEWPRC’s mode split model'.
These led to a value of travel time for work trips of $2.09 per hour, and $0.41,
$0.42 and $2.05 for school, shop/other and non-home based trips respectively.
Since people perceive wait time longer than the actual wait time, a weighted
adjustment is made to obtain a perceived wait time. The SEWRPC model implies
that people who make work trips perceive wait time as about 2.62 times longer
than the actual wait time. In another words, wait time is about 2.62 times more
valuable than the in-vehicle time. Parameters for other trip purposes are 1.00 for
school trips, 7.36 for shopping trips and 7.00 for non-home based trips.

The critical question is how much wait time can users save by AVL? Since there
is no hard data at this time, 2 minutes per trip are assumed in this analysis.
Therefore, for the work trip there is a wait time saving of 1,037,802 minutes
(518,901 trips * 2 minutes). Since wait time is 2.62 times more valuable than the
in-vehicle travel time, the dollar value of the wait time saving is $94,713
(1,037,802 minutes * $2.09 * 2.62). Similar calculations are done for other trip
purposes and lead to an annual user benefit of all trip purposes for fixed route

! Values of time and waiting time were derived from the Southeastern Wisconsin Regional Planning Commission mode split model
(SEWRPC Planning Report #41. A Regional Transportation System Plan for Southeastern Wisconsin: 2010, Chapter VII, p313, Feb,
1995). This modet was calibrated by SEWRPC based on home interview survey data, to simulate how trave3lers make tradeoffs
between travel time, travel cost, waiting time and other factors when they choose a means of travel. Parameters were developed
from the calibrated disutility equations by factoring out the in-vehicle time multiplier and looking at the relative values of other
coefficients in their model
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service about $187,000 with an AVL system-wide saving of 2 minutes per trip to
transit users.

For paratransit users, there is no data on breakdown of trip purposes, so the same
proportion of trip purposes is assumed. Similarly, the weighted value time (using
the proportion of trip purposes as the weight) is assumed for paratransit trips. The
total benefit for paratransit users in the City of Racine is $9,730, if an AVL time
saving of 10 minutes per trip is assumed.

Transit Agency Benefits

Figure 14: Distribution of Benefits Two benefits of AVL
Admin for transit agencies can
4% be quantified depending
Incident on the availability of
5% data: savings on vehicle

incident responses and
administrative expenses.
The number of vehicle
incidents including
vehicle breakdowns,
police/fire calls and
medical calls and
User associated costs can be
87% obtained from transit
agencies. AVL can
speed up the response
time to those incidents by quickly locating the incidents and informing the
emergency response team. It is more difficult to determine the benefits associated
with quicker response time without specific system data. In the absence of reliable
data, this analysis assumes a ten-percent reduction of incident costs. In the case of
Racine, if one assumes a ten-percent reduction of incident costs and a cost per
incident of $1000 and three incidents per month of each type, this would save
about $10,800 per year. The amount of savings is dependent on the current
incident related expense and savings from adopting AVL technology.

Paratransit
4%

It is widely anticipated that AVL can increase the administrative efficiency of
transit agencies. Transit managers and dispatchers are able to be more responsive
to incidents and schedule changes. AVL allows transit managers to check
schedule and routing adherence more easily. Some work, such as manually
checking on-time performance, can be eliminated. On the other hand, installation
of AVL will add to administrative costs. There is a lack of detailed data to
demonstrate exactly how much administrative expense is changed by AVL. In the
example, a ten-percent reduction in administrative expense is assumed. In
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addition, a $50,000 is added as a new administrative expense to manage the AVL
system. These numbers would result in a $9500 net administrative expense in the
case of the City of Racine.

It should be pointed out that these numbers are very approximate. Furthermore,
because of the very small administrative staff of most small transit agencies, there
is very little flexibility in modifying administrative costs. Small transit agencies
should generally expect that administrative savings and extra costs will cancel
each other out for no net difference.

Figure 14, Distribution of Benefits, illustrates that the vast majority (87 percent)
of AVL benefits result from time savings from transit users. Only 9 percent of
savings belong to transit agencies in the form of the reduction of vehicle incident
costs and administrative expenses.

Cost Analysis of AVL

The costs of AVL include capital
costs and ongoing maintenance Figure 15: Distribution of Costs
costs. The system costs include the
expense of installing GPS units on .
.. maint
buses, the expense of equipping the 28%
dispatch center, and other
miscellaneous expenses. The GPS
unit costs depends on the number of
vehicles; the greater the number of
vehicles, the less the cost per unit.
The GPS cost per bus ranges from
$2000 to $5000. This analysis uses
$4,000 as the assumed base unit
cost. The total GPS and associated
other costs to equip all buses in
Racine is $184,000 ($4,000 * 46 vehicles).

capital
72%

The cost of equipping the dispatch center also varies, depending on the system
requirements and complexity. It ranges from $10,000 to $50,000. $30,000 is used
in this analysis. $20,000 is assumed to be other miscellaneous expense. The total
initial system costs is about $234,000.

AVL maintenance is usually handled through a service agreement with the vendor
who installs the system. The contract usually covers the costs of installing the
system as well as maintaining the system including system update and
troubleshooting. The annual maintenance expense ranges from $1500 to $20,000.
$20,000 is assumed in this analysis.
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To calculate the annual costs of the AVL system, it is assumed that the project
will last for 5 years and that the discount rate is four percent. Therefore, the
annual system cost is about $52,513 and the maintenance cost is $20,000, for a
total annual cost of $72,563. The cost distribution chart (Figure 15) shows that the
system cost is about two-thirds (72 percent) of the total cost and the maintenance
cost is about one-third (28 percent).

Benefit Cost Analysis

In the above analysis there are total annual benefits of $217,077 and annual costs
of $72,563. The net benefits are about $144,515, with a benefit/cost ratio of about
3.0 for the City of Racine Transit System.
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Sensitivity Analysis
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Because of the lack of reliable before and after data, many of the numbers used to
calculate costs and benefits are assumed. Therefore, it is important to have a
sensitivity analysis to test how sensitive the analysis is to the underlying
assumptions. The sensitivity analysis has been conducted for the following
factors: the wait-time savings, discount rate, projected project life, and transit
ridership. Sensitivity analysis helps to indicate how important the different
assumptions are and how different assumptions might affect the benefits and costs
of the system

As shown in Figure 16, Benefit vs. User Time Saved/Trip, user benefits are very
sensitive to the wait-time savings. As the wait-time savings increase, the user
benefits increase dramatically. In the example given, the break-even point is when
the wait-time saving is about 0.45 minute or 27 seconds per trip. Given that this is
a very small number, it indicates that the potential for AVL wait time savings to
exceed its cost is high. It is not difficult to imagine an AVL system to increase
the on-time performance to reduce the wait time by less than a half minute.

Figure 16: Benefits vs. user time saved/trip

Minutes saved per trip

B benefits Bcost
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As shown in Figure 17, the discount rate has a very small impact on the annual
cost estimation. The projected system life, Figure 18, has a larger impact on the
annual costs. Systems that last for very short time periods will have much higher
annual costs. In the example shown, if the project life is over 1 year, the benefits
of AVL exceed the costs.

Figure 17: Benefits, Costs vs Discount Rate
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Figure 18: Benefits, Costs vs Project L ife
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Figure 19: Benefits, Costs vs Annual Ridership
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Figure 19 shows that the increases of transit ridership will increase both benefits
and costs, but the increase of benefits occurs faster than the increase in costs.
These calculations were made assuming that user benefits, incident benefits and
fleet size will vary directly with annual trips. With the assumptions made in the
example, the break-even point is at about 220,000 trips per year, or 4200 trips per
week. Smaller transit systems should take careful consideration of potential
thresholds of usage when considering adoption of AVL technology.

Additional insight to the effects of waiting time and ridership can be seen in
Figure 20. In this analysis, we determined the breakeven wait time savings at
different levels of ridership in Racine and with different estimates of costs.
Ridership was varied within plus or minus 15 percent range of the current
ridership, with an assumption that the number of buses will remain the same. To
estimate the breakeven points of the time saving under different ridership
scenarios, we set the benefits equal to the low and high ends of the costs and
solved for the corresponding wait time savings.

With ridership changes from -15 percent to +15 percent, the time saving needed to
break even with the low estimate of costs ranges from 35 to 47 seconds, and from
67 to 90 seconds with the high estimates of costs. Naturally, as ridership goes up,
the breakeven point goes down.
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Figure 20: Breakeven Wait Time Savings vs Ridership

100 - e
90 -
80 \
70 -
60 -
50 | o
40 - "—-—4..___.__'
30
20 - ——— - —
10
0 - I S
-15%  -10% -5% 0% 5% 10% 15%

Seconds/trip

Ridership change

=== |ow cost estimate ===—high cost estimate

Breakeven Analysis of Administrative Costs

Many of the benefits AVL provides are difficult to quantify. Two benefits of AVL
for transit agencies, which may quantified are savings on vehicle incident
responses costs and administrative expenses. The number of vehicle incidents
including vehicle breakdowns, police/fire calls and medical calls and associated
costs would have to be obtained from transit agencies. AVL can speed up the
response time to those incidents by quickly locating the incidents and by reducing
the time to inform the emergency response team. The amount of savings is
dependent on the current incident related expense and the potential reduction in
costs from adopting the AVL technology.

It is anticipated that AVL can increase the administrative efficiency of transit
agencies. AVL allows transit managers check schedule and routing adherence
more easily, and thus allow them to be more responsive to incidents and schedule
changes. Some routine work, such as checking on-time performance manually can
be eliminated by the information generated from the AVL. On the other hand, the
installation of AVL will add expense to administrate AVL equipment.

If we don’t consider user benefit and only consider savings from administrative
expense and reductions of incidents responses, to break even, the savings from
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these two items must equal to the annual total AVL system costs. The current total
administrative budget for Racine Transit System is about $703,000. To break even
from administrative cost savings alone, the savings need to be between 9.3 to 17.8
percent of the current total administrative budget. This is clearly an ambitious cost
reduction goal to achieve.

Some Caveats

This analysis is based on limited data and assumptions. It is intended as an
analysis framework only. More rigorous analysis needs more detailed and reliable
data. One shortcoming of the sensitivity analysis is that only one variable is
changed at a time. For example, when we analyze the sensitivity of ridership, we
assume the wait-time savings are constant. It is more difficult to vary ridership
and timesaving at the same time to see their impacts on benefits and costs.

Furthermore, many potential benefits have not been taken into account in this
analysis because of the lack of data or because of the difficulty of quantification.
For example, the installation of a silent alarm system can increase the sense of
security for both passengers and drivers. This psychological effect is difficult to
put a dollar value on. The introduction of AVL may provide a basis for other new
technologies, which may further help the transit agency realize further
efficiencies. This effect is also difficult to quantify. Other non-quantifiable
benefits include improved agency image, employee satisfaction, better handling of
customer complaints and reduction in their number.
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Implementation Strategies

Chapter IV
Consistency with the National ITS Architecture

The National ITS Architecture provides a common framework for the design and
implementation of ITS. It defines the functions that are performed in implementing ITS,
where these functions reside, and the interfaces and information flows that are exchanged
between ITS subsystems. Based on the requirements from the National ITS Architecture
a set of ITS standards has been designed to ensure that ITS subsystems in different areas
with different components from different vendors can communicate with each other.

To ensure that everything "plays together" the way it should, a regional ITS architecture
tailored to regional characteristics and transportation needs is desirable. A regional
architecture maps out how the various ITS components are ultimately tied together and
integrated -- both physically and institutionally. The National ITS Architecture provides a
common framework on which to build. It becomes a resource and a tool to help agencies
identify and plan for the many functions and information sharing possibilities which may
be desired within a particular region.

An AVL system can be a part or subsystem of a regional ITS architecture. Its consistency
with the national ITS architecture will facilitate the integration of individual agency
systems to enable information from one agency to be shared with others across
jurisdictional and agency boundaries. This is especially important if the AVL system is to
be shared with other agencies. The system consistency allows individual components of
AVL and other ITS programs to work together.

In addition to facilitating integration and future national compatibility, using the
information and tools made available by the National ITS Architecture can also save time
and money (by cutting design time and costs) in the development of a regional ITS
architecture and individual project designs. The National ITS Architecture supports a
wide range of functionality and can be tailored to meet local transportation needs and
problems. Since the National ITS Architecture is also serving as the common foundation
for ongoing ITS standards development work, factoring it into current system
enhancements will facilitate the transition to a standard interface definition in the future.

Employing the National ITS Architecture and ITS standards in local AVL system design
is the best means of spurring increased competition, thus lowering costs and reducing
reliance on single vendors, ensuring future expandability (by using open standards), and
promoting the efficient use of resources. If the components of AVL are compliant with
the National ITS Architecture and ITS standards, they can be easily updated, expanded
and exchanged with other vendors. When the time comes for update, there may not be a
necessity to replace the whole system. Rather, individual components can be purchased
and replaced. Similarly, the system could be expanded to include other components and
connected with other systems because those ITS-standard-compliant components can
directly communicate with each other.
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To ensure consistency with the National ITS Architecture and ITS standard, system
compliance in AVL design should be addressed at both the planning and project levels.

At the planning level — the deployment of the AVL system should take into account the
following:

1. Participation by a broad range of governmental agencies that have interest in using
AVL technology and other ITS technologies.

2. Description of existing & planned AVL and other ITS enhancements, including both:

e Physical inventory (e.g., automatic passenger counter, on-board display);

e Sharing of information (e.g., sharing information with traffic control center and

with police stations and emergency dispatch center)

Definition of a regional ITS architecture, defined at the level of:

e Subsystems (e.g., AVL system, Traffic Management, Transit Management)

e Architecture flows (information exchanges between subsystems)

98]

Additionally, the ITS element may include:

1. Roles and responsibilities for different agencies in sharing AVL technology,
2. Linkages with capital improvement projects,

3. Phasing considerations, both geographic and functional,

4. Regional technology agreements.

At the project level — All projects should ensure that they are consistent with the national
and regional ITS architecture. In addition, at the end of the design phase, the responsible
agency or their contractor should provide architecture consistency documentation. This
consistency documentation should provide a "mapping" of the project terminology to the
relevant portions of the National ITS Architecture, at the subsystem and architecture flow
level of detail, and should ensure that "what went into the design process also came out".
Rationale should be documented for any architecture flows and subsystems omitted in the
project design but provided for in the regional ITS architecture. Additionally, the state
could require that approved ITS standards be specified in the design of the project if they
are applicable. The federal government may require that the contracting agency be
responsible for ensuring that Federal-aid requirements, including ensuring consistency
with the National ITS Architecture, are met. For transit-related projects using federal
funds, FTA will have the same role as that already employed based on the category of
funding (e.g., whether it comes from a discretionary or formula-based funding line) and
the agreements with contracting agencies.

To ensure consistency at the project level, the state should verify that project scope is
consistent with the ITS element of the local transportation plans prior to authorization for
procurement and review the project's consistency documentation as part of the plans,
specifications, and estimates (PS&E) package prior to purchase authorization
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Collective Sharing of the AVL Systems

Over the past decade the majority of the AVL systems installed have been on large fleets
of vehicles. In these instances the cost of implementation for systems that were at the
time “state of the art” were only affordable and justifiable for larger fleets. In many cases
these fleets served major metropolitan areas where the need to manage resources
efficiently made installing AVL systems practical. In agencies with smaller fleets the
complexity of control is not so great and installation and operation of early AVL systems
was limited. '

As technology has improved the overall costs of installing and maintaining AVL systems
has decreased but continues to favor the economy of scale in larger transit agencies.
Large transit agencies were some of the earliest adopters of AVL technology, although a
few smaller agencies also adopted the technology.

To increase the economy of scale and to reduce the cost of installing AVL, efforts are
under way and have been carried out in smaller transit agencies to share AVL systems
with other fleets or departments outside the transit agency. This collective sharing of
AVL systems can reduce the expense of installation, operation and maintenance of any
single agency. It not only provides a means to justify the cost of a system but also
promotes better utilization of the AVL system’s capacity.

Current Examples of Combining and Collective Sharing

The following example demonstrates the different ways that can be used to share AVL
technology and their benefits.

ARTIC: Advanced Rural Transportation Information and Coordination
Minnesota Department of Transportation ITS District 8

Number of vehicles: 34
Number of agencies involved:5

The ARTIC project combines the Minnesota Department of Transportation, State Patrol,
Minnesota Public Safety, Arrowhead Transit, and City of Virginia/Dial a ride into one
multifunctional multipurpose system. The project utilizes computerized mapping and
AVL to assist in locating and collecting information on public vehicles. Public service
vehicles during the winter months are monitored to observe and track the placement of
salt, for the purpose of better planning and coordination. The state patrol can more
efficiently respond to and locate incidents reported to the ARTIC center. The fixed route
transit vehicles work with the dial-a-ride system to form a network of reliable public
service. In the future fixed wing aircraft and/or helicopters are to be added to assist in
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responding to and identifying incidents. The project has been functioning since
December of 1996, with a budget of $1.8 Million.

Sweetwater County Transit Authority. Wyoming

Number of vehicles: 12
Number of agencies involved: 20

The Sweetwater County Transit Authority serves a vast rural area that is roughly the size
of Vermont. Its major services focus on providing transit access to youth and senior
citizen homes, child development centers and various other agencies. The AVL project’s
goals were to establish a dispatching center that could coordinate the efforts of several
different departments into a regional network. This regional network provides access to
any point in the county. The system has been in place for the past seven years and
ridership has since increased by five times. To control the cost, the system was not
assembled with customized components. Rather many of the system hardware and
software products are “over the counter” and readily available. Several different
components have been pieced together to form the overall vehicle tracking and
dispatching system. The workstations used to monitor and manage the vehicles are PC-
486’s with expanded memory. The dispatching software is “Rides Unlimited” with 10
out of the twelve vehicles utilizing AVL. Sweetwater County demonstrates that even
with limited resources AVL and vehicle dispatching are possible.

To implement AVL technology at the small and medium-sized transit agencies in a cost-
efficient manner, sharing the AVL system with other transit agencies and other
governmental agencies such as public works and emergency résponse system has
potentially great benefits. While all vehicles still need to install GPS receivers, it needs
only one central data processor that receives, processes and disseminates vehicle location
data. This centralized information processing and dissemination is cost-efficient in
installation, system management and maintenance. This is especially important for small
transit agencies where computer-skilled workers are in short supply.

AVL/ATS Service Provider

One way to implement an AVL system for a variety of agencies would be to create an
AVL service provider. Such a provider could be modeled after Internet service providers
(ISP). An ISP provides access to the Internet at a fixed monthly rate that usually includes
unlimited access and the ability to store files on the ISP’s computer systems. Equipment
must be purchased by individual users to provide terminals and connections to the ISP.
An AVL service provider would be similar in that they would provide AVL services for a
monthly fee per vehicle to individual agencies that have their own on-board and dispatch
equipment. The AVL service provider would present an opportunity to concentrate
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technical and maintenance expertise at one location. Dispatch stations could be located at
individual agency locations according to their needs.

The AVL service provider could also provide more general ITS services such as traveler
information, if appropriate in an area. The service provider could be initiated by a transit
agency or by a different agency, depending on the availability of expertise and
willingness to initiate such a program. Creation of an AVL service provider or having an
agency take on that role may be a useful way to implement a coordinated AVL system for
a number of agencies.

Contracting Documents

The Request for Proposal documents used by different Transit agencies has had a similar
format. Each document outlines the concept, method, equipment capabilities, training,
warranty and backup support. These are important parts of the proposal submission as
they dictate the price.

The Agency needs to clearly state their main objectives in acquiring the new technology.
The objective should emphasize this goal. For example COLTS defines their objectives
as:

1. Interconnection of GPS receiver units and antenna system.
2. A tracking and display system located at the dispatch center.

The next step would be to detail the scope of work. Most agencies have outlined the
following requirements:

In-Vehicle Units,
Communications Link,
Dispatch center console,
Documentation,
Services to be provided.

NhE W=

In addition, the RFP should require that the system design and components should be
consistent with the national and regional ITS architecture and established ITS standard to
ensure the compatibility with other ITS system and expandability to include other
components in the future. System support is another important item that is detailed in the
contracting document. Most transit agencies require 3 years of system support that
including trouble shooting and software update.

A sample of a complete RFP or bid document has been attached in the appendix as a
guideline for future procurements.
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Conclusion and Recommendations

Chapter V

Conclusions

Automatic Vehicle Locator technology has matured to the point where it can be
implemented in a wide variety of agencies. There have been sufficient field applications
of the technology to resolve technical features of AVL and make it a viable option for
smaller transit agencies.

Most purchasers of AVL systems appear to have focused on GPS technology as the
primary means of tracking vehicles. This should be sufficient for nearly all applications,
with the only exception being locations where large buildings or natural features block
direct satellite signal access. AVL is adaptable to all forms of radio communications
systems from digital to analog. AVL can also work with most mapping software.

The number of vendors of AVL technology has undergone significarnt change in the past
several years through mergers, new startups and discontinuance of product lines. It is
important to select an AVL vendor with a significant track record in AVL for transit and
likelihood for continuance in the AVL business. Vendor service and assistance at startup
is extremely important to the success of an AVL system.

Transit users place a high degree of importance on features that minimize waiting
uncertainty and increase their feeling of security. Features that AVL may provide such
as: vehicles operating on schedule, knowing when a bus will arrive if late, knowing
another bus can be dispatched if there is a breakdown and knowing there is an emergency
communications system were rated highly by transit users based on the survey done as
part of this study.

AVL system design and components should be consistent with the national and regional
ITS architecture and established ITS standard to ensure the compatibility with other ITS
system and expandability to include other components in the future.

The implementation of AVL technology involves significant human factors and
management issues that should not be underestimated. AVL provides more control of
vehicles and may change the way in which transit systems acquire and use information.
Transit agencies considering the use of AVL need to examine their entire operating
procedure to assure that the maximum potential of AVL is utilized.

AVL systems for small transit agencies have the potential of sharing the system with
other government agencies. Cooperative arrangements with public works departments,
law enforcement agencies and other transit agencies should be explored before an AVL
system is implemented. AVL systems should be designed to be easily adaptable to other

users.
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The costs of an AVL system include a fixed cost for dispatch center equipment and a cost
per vehicle for on board equipment. In addition, there would also be an annual cost for
maintenance and dispatch center operation. The actual cost will depend on the features
included, the extent to which existing radio systems can be used and the availability of
existing base maps. The life of the project is an important variable in project costs.
Discount rate has a small effect on annual costs.

AVL systems potentially can have large benefits, which easily exceed the costs of the
systems. These benefits largely occur to transit users if their vehicle waiting time can be
reduced by even a small amount. Other effects such as increased sense of security and
reduced response time for incidents cannot be easily quantified but would add to the
benefits of an AVL system. In addition, AVL systems have the potential for better
management information, which can lead to more productive service, and better planning
for future needs. '

The potential benefits for paratransit service are also great. AVL has the potential to
increase vehicle productivity by facilitating more trip combinations. In addition, AVL
can reduce the advance time needed for a trip reservation and reduce the uncertainty of
vehicle arrival time.

The benefits of AVL systems are chiefly a direct function of annual system ridership
while costs tend to vary only slightly with ridership. Benefits are also most likely to
occur on systems that have problems maintaining schedules and service reliability.

AVL systems should be implemented in a way to maximize their impact on passenger
waiting times. This is an area of high potential benefits. Mechanisms to increase
awareness of vehicle arrival times should be actively explored to provide the best use of

an AVL system

Recommendations

Based on our analysis of the nature of AVL systems and their potential benefits, we
recommend the following:

e A demonstration project or projects of AVL should occur in Wisconsin. These
projects ideally should include a demonstration of the potential for shared AVL
systems with other government agencies such as public works departments, law
enforcement agencies and other transit agencies.

e Criteria for selection of a demonstration site should include: existence of a GIS
system for the municipality, agreements between departments to share services, the
existence of a coordination committee to assure compliance with national architecture
standards, willingness to do a “before and after” study of the effectiveness of the

Evaluation of the Benefits of Automated Vehicle Location Systems

47



system, potential for paratransit/regular transit AVL coordination, needs to replace
existing communications system, and availability of radio channels for an AVL
system.

e Demonstration projects should be accompanied with a rigorous evaluation that
includes a before and after analysis of effects. Data should be collected on user wait
times, on-time performance, incidents, management practices and system usage to
assist in the evaluation of the demonstration.

e Transit systems equipped with AVL should make an effort to let passengers know
about the system. These agencies should actively pursue systems that provide real
time bus location and arrival information to users. Such services can lead to fuller
realization of AVL benefits.

e AVL system design and components must be consistent with the national and
regional ITS architecture and established ITS standard to ensure the compatibility
with other ITS systems and expandability to include other components in the future.
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EXECUTIVE SUMMARY

Automatic Vehicle Location Systems give an agency the ability to track, record, and analyze how vehicles are performing
in real time. These features lead to improvements in public service through better on-time performance and quicker
response time to emergencies. The increase in the number of AVL systems in operation, from seven in 1985 to 46 in
1995, shows that there is a growing interest in the capabilities and the benefits of these systems. Even though the amount
of information currently available on the different types of AVL systems is limited many new systems are planned for
installation in the near future. From looking into what the current state of the art is for Automatic Vehicle Location
systems, it was apparent that much of the information is quickly changing much faster than the literature available. In
addition to this many documents also tend to overlap the basic information, such as how these systems work, but are
unable to agree on particulars such as accuracy or cost information. An effort has been made to establish what the current
state of AVL is and the following is a list of some of the report’s major findings:

1. Currently there are four types of AVL systems in service that have been utilized for locating vehicles. They are:
Global Positioning Satellites

Signpost technology

Ground based radio

Dead-reckoning

2. The most popular Automatic Vehicle Location system, based on data supplied by the Federal Transit Administration,
is Global Positioning Systems. As of 1995 there were 10 systems installed with another 30 planned. These numbers
significantly surpass the same figures for any other AVL systems during that time period.

Automatic vehicle location systems are comprised of three elements. The first element is locating hardware, which is
the component necessary to identify the position of a vehicle on the earth’s surface. The next is the communication
package, which takes the positional data and relays it back to the central office. And the final element is the computer
display system, which reveals the location of the vehicle as it travels in real time.

[FH)

4. Communication packages used in AVL systems consist of one of the following classifications:
¢ Analog Radio
Digital Radio
Analog Cellular
Digital Cellular
Satellite technology
The most commonly used of these communication systems is trunk analog radio. Although it is more cost effective
when compared to the other types of communication packages it currently requires longer transmission times and
additional hardware when used in an AVL system.

5. Computer display systems assist in the transformation of raw data from the field to a graphical representation in the
office. Many of these systems perform additional features that further improve the reliability and usefulness of an
AVL package. These include the best route or shortest path features, turn by turn route guidance instruction, and
interpolating field data to match mapped streets. The last feature takes a vehicle’s position and matches it to the
closest street. This eliminates the errors that normally might place a vehicle in the middle of a block and not on the

roadway.




6. Automatic vehicle location systems are also part of a group of technologies called Advanced Public Transportation
Systems or APTS. These are components that when used alone or with an AVL system provide additional services to
riders and the-agency. The following is a list of the individual categories that these technologies fall under, including:

e Fleet management and operation systems
o Traveler information systems

e Electronic fare collection systems

e Traffic management systems

As new information is made available, there will be a greater understanding as to what the best AVL system is. Currently
the data shows individual agencies choosing GPS as their first choice for an AVL system and in some cases with other
agencies even replacing existing AVL packages, for it. As new advances in technology occur the availability of GPS and

other AVL products should increase as the price of basic systems decline.




TABLE OF CONTENTS

Executive Summary 3
Table of Contents 5
Introduction
BASIC BENEFITS OF AVL TECHNOLOGY 7
BASIC DRAWBACKS OF AVL TECHNOLOGY 8
OBIJECTIVES OF THIS REPORT 8
Chapter I: Basic AVL Components Overview
LOCATION COMPONENTS 9
COMMUNICATION COMPONENTS 9
COMPUTER DISPLAY COMPONENTS 10
Chapter II: Locating Systems
AVL SYSTEMS IN OPERATION 11
GPS - LOCATING SYSTEMS 11
Description of infrastructure
Accuracy of the system
Cost of the system
Advantages and disadvantages of system
Signpost - Locating Systems 13
Description of infrastructure
Accuracy of the system
Cost of the system
Advantages and disadvantages of system
GBR - Locating Systems 14
Description of infrastructure
Accuracy of the system
Cost of the system
Advantages and disadvantages of system
Dead-reckoning - Locating Systems 15
Description of infrastructure
Accuracy of the system
Cost of the system
Advantages and disadvantages of system
CURRENT TRENDS IN AVL SYSTEMS 16
Chapter Ill: Communication Systems
How AVL USES COMMUNICATION SYSTEMS 17
TYPES OF COMMUNICATION SYSTEMS 17

Radio technology
Cellular technology
Satellite technology

Appendix A: AVL State of the Art Report 5




Chapter IV: Computer Display Systems

Chapter V: Advanced Public Transportation Systems

DIGITAL MAP DATABASES
Geocoding street addressing
Best route information
Route instruction

20

Conclusion

FLEET MANAGEMENT AND OPERATION
Silent alarms
Audio and visual equipment
Automatic vehicle location systems
Computer aided dispatching software
Geographical information systems
Automatic passenger counters
TRAVELER INFORMATION SYSTEM
On board visual display boards
On board announcer systems
Smart kiosks systems
Automated telephone systems
Internet information systems
ELECTRONIC FARE COLLECTION SYSTEM
Contact-less smart cards
Contact smart cards
TRAFFIC MANAGEMENT SYSTEM
Signal preemption

22

24

References

CONCLUSION

25

REFERENCES

26

Appendix A: AVL State of the Art Report 6




IntrODUCTION

Transit agencies for years have faced a dilemma.
Ridership is down, funding is becoming scarce,
and the need to satisfy the customer and their
expectations without raising fares is difficult.
Reacting to the rider’s needs for on-time pickup
and arrivals, matched with the need to assure
safety at the same time is forcing many agencies
to look in new directions for ways to offer better
service while cutting costs.

Until recently many agencies were forced to
consider decreasing service as a way to deal with
fiscal problems. Much of this was in the form of
cutting routes, decreasing operational hours, or
increasing fares. Some of this thinking has
changed however. With the introduction of new
advances in technology, strides have been made
in finding better ways to locate, manage, and
plan the movement of transit vehicles. Using
this technology has given agencies the tools
needed to better manage existing resources.

Much of this new technology has been labeled as
“Advanced Public Transportation Systems” or
APTS. Under APTS there are four categories,
which are used to identify the purpose of new
hardware and software, being made available to
agencies these are:

Fleet management/operations systems
Traveler information systems
Electronic fare collection systems
Traffic signal systems

RGN

All of the categories above are discussed more in
Chapter V. With each of these areas under
APTS comes a range of different products that
can be utilized to improve transit service,
planning, or management. However, when
talking about APTS one technology is usually
mentioned as the first step toward
implementation of APTS. This technology is
Automatic Vehicle Location or AVL.

Like the name indicates AVL is the ability to
identify a vehicle’s location in real time. AVL
works by tracking a vehicle, as it maneuvers on a

fixed route or travels to a preset destination. To
do this AVL uses a variety of hardware and
software products currently available on the
market. Eliminating the need for on the street
inspections or for drivers calling out their
location, AVL automates this process and offers
additional benefits not available with traditional
methods of locating.

Basic Benefits of AVL Technology

Many of AVL’s benefits come from being used
to locate, manage, and plan for the most
effective use of an agency’s vehicles. Using
AVL to locate vehicles, in real time, is
beneficial, not only for everyday operation but
also when it’s critical. There are applications
where it is essential that an agency know the
precise location of a vehicle. These inciude the
need to deal with criminal activity, medical
emergencies, or mechanical breakdowns.
Locating a vehicle while it travels is also helpful
when there is a need to document its location.
This can arise as in the cases of verifying legal
claims, rider complaints, and driver
performance. And one of the most important
features is the ability to monitor on time
performance.

AVL’s use as a management tool can be
demonstrated through its ability to monitor and
relay information back to the office as it is
occurring out on the streets. Monitoring a
vehicle, management can observe relations
between bus performance for different times of
the day and with different drivers. Using this
data is beneficial for adjusting service schedules
and managing staff. All of these are applications
where AVL can help management make
decisions about their operations.

In planning, AVL is a tool that allows an agency
to evaluate and pursue new ways of adjusting
their service. This includes examining how a
bus performs on a new route through trial runs
and adjusting headways of current routes based
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on the data collected. Using AVL in planning
will help an agency find areas that need to be
improved on, so service is preserved, efficiency
is increased, and operating costs are cut.

One of the primary reasons AVL is appealing to
agencies is its application in cutting costs.
Reducing the personal needed to manually locate
vehicles on the streets along with the ability to
monitor how a vehicle is performing on a given
route are significant cost savings features.
However, even though there are significant
benefits to agencies to have an AVL system, the
decision to purchase one is not without some
drawbacks and risks.

Basic Drawbacks of AVL Technology

There are issues to consider when making a
decision to install an AVL system. Some of
these include evaluating potential benefits and
risks to the agency. Questions like how reliable
is an AVL system and how it will be accepted by
employees need to be answered to avoid the risk
of delays and setbacks. Its not having sufficient
information to questions like these that will
make installing AVL risky, especially when
looking at the cost of a system.

AVL systems can be expensive. There is the
cost of purchasing the AVL system package and
then training personnel to use it. There is also
the costs incurred for annual equipment updates
and necessary replacement of broken hardware.
Adding all of this together with the knowledge
that fiscal budgets are tight, and that a new
system doesn’t instantly start saving money,
might leave an agency exposed to financial risk.

Along with the costs of a system there is the
chance that personnel will object to it. Some
people have strong feelings on being “watched”.
Because of this a system like AVL is viewed as a
threat or a tool that the agency will use to
discharge unwanted employees. Fears by other
personnel arise from having to deal with and
learn new technology. Even today there are
individuals that resist new ideas because they
don’t want to change from a routine they have
become accustomed to. Communication with
everyone that is impacted by using AVL helps to
set aside fears, and reduce the chance of delays
due to employee objections.

Finally, even if costs and people are not an issue,
there is a risk that an AVL system may not
perform to an agency’s expectations. Under
certain conditions AVL may not be very reliable.
Locating vehicles in severe weather, in valleys,
and in areas surrounded by high rises can lead to
poor performance by certain types of AVL
systems. In other cases the hardware supplied by
one vendor may not be compatible with another.
This would mean that as upgrades to a system
become necessary, an agency losses the ability to
choose among competing suppliers. However
despite the potential drawbacks more agencies
use AVL and have shown it to be beneficial and
worth consideration.

Objectives of This Report

This report’s objective is to offer the reader an
easy to understand yet useful guide to AVL
technology. The report will not focus heavily on
technical jargon but instead expose the reader to
the basic components that make up the different
AVL systems and present it in an easy to
understand manner. Much of the report
identifies the different AVL systems and their
individual components, as well as advantages
and disadvantages of each system. Furthermore,
the various advanced public transportation
systems (APTS) that are used in conjunction
with an AVL package are also introduced.
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CHAPTER 1I:

Basic AVL COMPONENTS OVERVIEW

Current AVL systems are broken down into
three basic components: the hardware, a
communication system, and some computer
mapping or location identification system. Each
component depends on the others to acquire and
display the position of a vehicle. Working along
side of these components are additional software
and hardware devices that enhance AVL benefits
and capabilities. Examples of the most
frequently used add on systems are Computer
Aided Dispatch software and on board
emergency alert systems.

Location Hardware Components

Location components are the mechanical devices
needed to identify a vehicle’s position in a given
area. These mechanical elements consist of
transmitting devices, which produce a data signal
and receivers that identify that signal. The data
signals are generated from orbiting satellites,
local land based radio, and from short-range
transmitters built into pavement or other
infrastructures. The receivers getting the signals
are devices that scan the spectrum of available
frequencies and respond to only the appropriate
pulses. Once the signal is received it is relayed
to a location where it will be processed. This
happens on the vehicle or at the agency’s control
room.

It is more difficult trying to locate a dynamic
object, such as 2 moving vehicle. Problems
occur when vehicles travel into areas where the
location is concealed by vegetation, man made
objects, or intense electromagnetic interference.
These areas tend to mask the vehicle rendering it
temporarily invisible. In addition to blind spots
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there are other drawbacks associated with each
type of location hardware. Satellites, land-based
radio, and other devices have different
limitations that will be discussed later in this
report. In the majority of cases the extent of
these problems and their real impact on the
system’s effectiveness does not become apparent
until after it’s operational.

Communication Components

Vehicle communication components link the
locating hardware to the mapping system. This
is done using conventional radio, cellular, or
another form of communication that is capable
of transmitting data. It is not uncommon for the
agency to use the same communication system
package that it had originally used to
communicate with its drivers before installing
AVL. However data transmissions take place on
regular intervals, such as every few minutes or
every few seconds. If an agency elects to use its
current communication system, it will have to
make sure that it can handle data and verbal
transmissions that are taking place
simultaneously.

Communication with a fixed location that has
stationary components is simple compared to
what is needed for a moving vehicle. When
communicating to a fixed site from a fixed site,
the medium that the data travels is in a solid
state. This solid state communication is very
reliable because of the consistence of the
element it’s traveling through. A typical
example of this is voice or data transmissions
over telephone lines, which use a pulse traveling
through a line. This is not the case in moving
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carriers. The state of the medium in which the
data signal travels is in a gaseous state (the air)
and the environment is in flux. This negatively
impacts the reliability of the communication
system. Many cellular phone users experience
loss of communication or interference on a
regular basis, due to changes in the weather, or
their geographical location. It’s data that is lost
during transmission that impacts the
dependability of communication and ultimately
the AVL system. Strides in technology continue
to improve the reliability of communication
systems. Increased frequency of the vehicle’s
position will improve the dependability of an
AVL system.

Computer Display Components

To display the location of a vehicle a mapping
technology must be used. Current mapping
systems are not only graphical representations of
a city grid, but also intelligent software programs
that are capable of understanding how each
roadway in a street network relates to the others.
After taking the data generated by a location
device the mapping software must place the
location of this vehicle on the street network. In
some cases, it must also identify errors in
transmitted data and make corrections to it. For
example if a vehicle’s location is identified just
off to the right or left of a street, the software
system can correct this and move the vehicle’s
location, on the screen, to the closest roadway
segment. In doing this the map will show the
vehicles on the streets and not in the middle of a
block.

Obtaining these digital maps and computer
software is not a complicated task. Digital maps
of most cities are available from software
vendors or can be constructed by digitizing. The
TIGER files supplied by the U.S. Census Bureau
are a good source for this data. In either case the
software and map must have intelligence and the
ability to take data from a locating device and
display it’s position on a digital map. The firm
supplying the location technology to the agency
programs this intelligence, in many cases.

Advanced Components

When the hardware, communication, and
software systems are working AVL can become
the backbone for a list of other useful systems.
Many of these additional devices are used to
supply information to an agency about their
customers or supply useful information to the
riders. A few of these include

Traffic Priority

Automatic Fare Collection
Traveler Information Systems
Automatic Passenger Counters
Emergency Alarms

Engine Monitoring

Most of these components, like AVL, fall into
the category of APTS or Advanced Public
Transportation Systems and are used to provide
better customer services and to help transit
agencies make more informative decisions.
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CHAPTER 2:

LOCATING SYSTEMS

In 1996 the Federal Transit Administration
(FTA) listed 58 AVL systems as currently in
operation or planned for instailation throughout
the United States. Of these systems the four
primary vehicle location systems were Global
Positioning Systems (GPS), Signpost, Radio
Navigation, and Dead-reckoning. These AVL
systems are being used in combinations or as a
stand-alone. Among the examples of systems
operating in combination would be the Chicago
Transit Authority who utilizes not only GPS but
also Dead reckoning to locate its vehicles.
While in other systems like the Milwaukee
County Transit System the only method of
vehicle location is the deferential GPS.

GLOBAL POSITIONING
SYSTEMS: .

Description of Infrastructure

Global Positioning Satellites are the property of
the US Department of Defense. Although
originally created to serve the military’s need to
locate vehicles on the battlefield and ships at sea,
this technology has now moved into use by the
private sector. The system utilizes a total of 24
high earth orbit satellites (11,000 miles),
traveling in a spherical constellation, that
broadcast two signals L1 and L2 every second.
The two signals supply similar data except at
different frequencies. The data consist of
location identifiers and the precise time at which
the signal was sent from the satellite. The time
variable is essential to the success and accuracy
of the system. Each clock on the satellite is
capable of measuring time to better than a 10°°
seconds. The clock in each satellite (each
satellite has four, of which three are backups) is
synchronized to the clock in a receiver on the
earth’s surface. Thus by utilizing the signals
generated by at least 4 satellites a receiver on the
earth’s surface can calculate the pseudo-range
and pseudo-velocity of the satellite by using the

difference between clocks. This allows the
receiver on the earth to calculate its position in
relation to the satellites on a Datum. A datum is
used because the earth is not a perfect sphere so
the irregular shape of the earth must also be
factored in and calculated to reduce the error.
The most commonly used datum is the World
Geodetic Survey Datum and the North American
Datum (NAD). Both data are numerical
equations used to “mathematically” represent the
earth’s shape. The shape of the earth is complex,
however, and neither it .
datum is completely 5.;?% o g‘;ﬁé
accurate for all = vE #
locations on the
earth’s surface. The
one that best
represents the
curvature of the
earth surface for
North America is the

liﬂ/{:},:;
£B0r

FOUR SATELLITES TRANSMIT
THEIR POSITION AND TIME

NAD and therefore

the most commonly e ey s RECIEVE EACH

used. SIGNAL AND CALCULATE
THEIR POSITION é

GPS Accuracy Py 7

GPS has proven to =

be very accurate, D=

with a few
exceptions. As
mentioned before
GPS is still owned THE SATELLITE AND THE
by the United States TRANSPORT
Department of Defense (DOD) under the
NAVSTAR Joint Office, and therefore is subject
to shared use policies. Within any 48-hour
period the DOD can choose to cut off and
encrypt the signals coming from the sateilites
rendering them useless to the private sector.
Although this could be expected during times of
National Security, the DOD currently during
times of peace also chooses to degrade the
signals. This action is referred to as “selective
availability” and accounts for the majority of
error in the GPS signal.

A VEHICLE'S POSITION IS
CALCULATED BY THE
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Besides selective availability there are other
errors that effect the accuracy of GPS. The most
common error has to do with the receivers. The
synchronized clocks have to be precise. Errors
in the clocks of more than 10 second could
result in an error of almost 1,000 miles off in any
direction. Most commercial clocks however are
good to the 10 second. Other sources of error
can come from the atmosphere and
electromagnetic interference. However much of
that is corrected by the use of two separate
signals (L1 and L2). Other corrections to
positional data can be achieved by the use of
DGPS or “Differential”’- GPS. In DGPS the
position of a single point on the earth’s surface is
known with a high degree of accuracy. A
location difference can be calculated by
comparing the actual location and GPS-
determined location of the same known
reference point. This difference between the
actual and GPS position of this location can be
used to generate a correction factor, which is
then applied to all positions located by the GPS
system until the correction factor is calculated
again. In many instances this “known point” is
generated by the agency that is using the GPS for
tracking their vehicles. However in some states
such as Minnesota, there exists radio
transmission towers that have been erected by
the state transportation agency for use as “known
points” for purpose of transmitting correction
factors in DGPS applications.

Cost of the System

The costs of the GPS components can vary
widely depending on the degree of accuracy
needed. For most small consumer needs the
degree of accuracy is low typically within a few
hundred feet and the price is fairly inexpensive,
with less than $200 per unit. But for
applications where the degree of accuracy is
needed to be within a few meters the cost can
vary between $1,000 to $5,000 per unit. Cost
might also depend on other factors such as
service agreements, purchasing of specialized
versus interchangeable components, or service
life of the equipment (how long the agency
wishes to use a unit before purchasing the next
generation of technology). When looking at
these additional factors the final price per unit
could climb to as much as $10,000.

Advantages and Disadvantages of GPS

There are several benefits to selecting GPS as a
location technology. The largest advantage is
that the most expensive part of the system, the
satellites, is free. There is no charge to use the
satellites and Department of Defense is currently
in the process of launching new satellites, to
keep the system in operation. Along with this,
the satellite coverage is 98% over North
America. This assures that there are at least four
satellites available at all times. The only GPS
hardware that an agency needs to acquire is the
receivers.

The disadvantages of GPS come in the form of
signal interference. The first form interference
comes from the Department of Defense and their
ability to introduce selective availability (SA)
into the signal. At no time is there any guarantee
that the signal will not be degraded to a point
that an agency using the technology can no
longer depend on the system. Nor is there any
guarantee that the service will remain “free” to
users. Another concern occurs when vehicles
travel through “blind spots”, which are areas
where the signal from a satellite can not reach a
receiver. In these areas such as spaces between
high rises and streets with dense tree coverage
GPS will not work.

GLOBAL POSITIONING SYSTEMS SUMMARY

Accuracy:
Within 100 ft. for most applications, could be within a
few feet
Advantages:
e  Flexible not fixed to a single route
e  Satellites usage is free
e Currently 98% coverage of North America is
covered by satellites

Disadvantages:
. Signal interference in urban canyons and dense
foliage

. Satellites controlled by the Department of Defense
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SIGNPOST:

Description of Infrastructure

For many years the most utilized method of
vehicle location was signpost. This technology
tracks vehicles as they pass specific points using
a variety of methods, including utilizing short-
range communication technology between the
vehicle and the signpost. There are several types
of signpost systems that can be used by an
agency. Current varieties of signposts included
optical scanners, magnetic strips, short-range
radio, and beam emission. Each type of beacon
has different power consummation rates and
varying effectiveness under a variety of
conditions.

Currently there are two methods for utilizing
signpost technology. The first method is
referred to as a
“traditional
signpost” system.
This method uses
the signpost as the
short-range

Tradirional Signpost
Systen

transmitter. g

s 1. Signpost emits short range signal
When a vehicle 2. Vehicle recieves signal and relays
passes by a its position back to the agency

3. The next signpost continuously emits
the next short range signal along the

signpost it
vehicle's path

acquires the
signpost device’s ID through a short-range signal
broadcasted by the device. Along with the
signpost’s ID the vehicle also records the
odometer reader at
the same time.
Later when that
vehicle is contacted
by the agency to
give its position, the
signpost’s ID, old
odometer reading,
and current
odometer reading
will be needed. The
ID will indicate the last location of the vehicle
and the differences between the odometers will
indicate how far the vehicle has traveled since
then. A current location of the vehicle can then
be determined along the route. In the other
method referred to as the “neo-traditional

Neo-Traditional Signpost
System

1. Vehicle emits short range signal

2. Signpost recieves signal and relays
vehicles position back to the agency

3. The next signpost awaits to be
activated once the vehicle passes by

signpost” system the location device acts as the
receiver. As a vehicle passes each signpost the
vehicle’s ID is transmitted to the signpost and
then relayed through to the agency. By knowing
the site of each signpost and each vehicle’s ID
the location of every vehicle can be monitored as
they pass by a signpost. This method does not
require additional information such as the
odometer reading.

Signpost Accuracy

Signpost systems have a high degree of
accuracy. When properly maintained the degree
of accuracy for a signpost system can be within a
few meters. Errors in the system typically occur
due to mechanical failure, and lack of continuous
maintenance.

Cost of the System

The manufactures of signpost technology offer
their products in packages. The average package
includes the beacon, the receivers, installation
fees, protective cases, and a power source. In
most cases the common power source is a
battery. The complete package for the location
hardware varies in price depending on several
factors. The most common factor is the number
of receivers and beacons along with if the system
1s going to be a traditional or neo-traditional
setup. Even once a system is purchased there is
the additional long-term investment of
maintaining the system. The average life span of
a signpost battery is approximately 180 days.
The current list price for a battery is $450 to
$500 per unit.

Advantages and Disadvantages of Signpost

Signpost locating technology has many benefits
over other newer technologies. One of the most
significant is the system’s ability to eliminate
“blind spots”. Since a vehicle needs to travel
close in proximity to a beacon there leaves little
in the way of physical obstructions that can mask
it. This means that it can operate in areas of
dense foliage and high-rise development. Also
signpost technology has been operated in several
major US and Canadian cities since the early
1980’s. Current signpost technology is not a
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“first generation” product but has been applied
and continues to be improved.

Drawbacks of this technology have to do with
how it is deployed. The beacons that make up a
system do not allow the vehicle to be tracked if it
should leave its fixed route. A vehicle that
leaves a route outside the monitoring range
makes it hard to locate and monitor. An
additional disadvantage is the need for
continuous maintenance of the system to
guarantee its accuracy, which leads to higher
long-term costs. Without this maintenance the
system will not perform to desired expectations.

SIGNPOST SYSTEMS SUMMARY

Accuracy:
Within 1-20 meters
Advantages:
. Proven Technology
. Has be in use for several years
. Good accuracy. little interference
Disadvantages:
e  Continuous maintenance required
. Limited to a fixed route

GROUND BASED RADIO:

Description of Infrastructure

GBR or Ground Based Radio technology uses
radio triangulation to locate vehicles. The
system can operate with one or more antennas
that broadcast a signal, in most cases broad
spectrum to improve signal quality, which is
then acquired by

the vehicle. The

low frequency

waves along with

an associated

timing are used to
calculate the

vehicle’s position. 4%
One of the most
common uses of
GBR technology
for location is
Loran C. Loran C uses a low frequency wave

1. The towers transmit in sequence

2. The vehicle recieves the signals and
calculates its position relative to each
tower according to the deviation in the
sequence

that is generated by several towers that are
synchronized to each other. Each station will
transmit in an order and at an exact time in
relation to the others, forming a pattern. A
receiver that picks up the signal knows what the
pattern is and can calculate its position based on
the deviation from that pattern.

Loran C, which is maintained by the United
States Government, under the direction of the
Coast Guard, will be scraped by the turn of the
century. Currently there are only three agencies
that utilize Loran C technology. No additional
new systems are planned.

GBR Accuracy

Under perfect conditions the best accuracy of a
Loran C system is within 100 feet. However due
to interference from other radio transmissions,
atmospheric phenomena, and even overhead
power lines, the real accuracy of a system, could
be as much as a quarter of a mile off in any
direction.

Cost of the System

There currently is no information available that
adequately depicts the cost involved with
purchasing or maintaining a GBR system. This
could be due to the fact that few agencies
actually use such a system and therefore little has
actually been published.

Advantages and Disadvantages of GBR

The only advantage of a GBR system is that
under good conditions it does work. However
due to the number of potential factors that could
cause interference, there is only a small chance
that the system will give continuously reliable
data.
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GROUND BASED RADIO SYSTEMS SUMMARY

Accuracy:

From less than 100 feet to over 0.25 miles
Advantages:

. Proven Technology

e  Not limited to a fixed route
Disadvantages:

. No continuously reliable accuracy

DEAD-RECKONING:

Description of Infrastructure

Dead-reckoning employs the use of simple
mathematics principals for locating vehicles as
they travel. In theory, if a vehicle’s starting
point is known and its speed and direction are
acquired, the location of the vehicle can be
calculated in ‘

Dead-reckoning
Systen

respect to the
starting location.
Early mariners
first used this
system of
navigation as they
traveled at sea.
By using maps

Dead-reckoning systems use the wheel
that located rotations of the vehicle along with an
internal compass to calculate the path
known land traveled by a transport

masses as starting points along with information
on the wind and current speeds they could plot
courses and arrive at a set destination. Today the
electronic land navigation of dead-reckoning is
done with wheel rotation monitors (for speed)
and internal compasses (for direction). Although
the principals are the same the paths are
electronically monitored continuously by use of
computers and data inputs for accuracy.

A Dead-reckoning system needs two different
types of data, direction and distance traveled, to
locate a vehicle from a given starting point. The
first data type, distance, can be acquired by
counting wheel rotations. Wheel rotation data
can be acquired though three separate methods.
The first method uses a system of tags place on
the wheel and a reader on the stationary inner
wheel hub. As the wheel turns the reader counts

the number of times it senses the tags. These
data are then used to compute speed and distance
traveled. The next method utilizes a chain
mechanism. A chain or belt device is directly
linked from the vehicle wheel to a smaller wheel
on the reader. The reader acquires the distance
traveled and speeds of the vehicle by counting
the rotation of the reader’s wheel. In the last
method a reader is linked directly to the
vehicle’s odometer. In this way the wheel
revolutions have already been counted so the
distance traveled is known. Data on the
vehicle’s direction can be acquired by using an
internal compass. The on board compass
observes the direction the vehicle is positioned.
Both data components are needed to estimate the
location of a vehicle with some degree of
accuracy.

Dead-reckoning Accuracy

In the early mariner days of navigation and
world exploration, where the concepts of dead-
reckoning were originally developed, the need to
constantly correct the course of the ship was
needed to keep it on course. Similarly with
today’s modern mechanically driven dead-
reckoning systems there is a need to “correct the
course” to retain the system’s accuracy.
Although in theory dead-reckoning can be an
accurate method for navigation, 3% linear error
and 10% directional error for every 5 miles
traveled can occur. These numbers can be
improved by increasing the frequency of new
starting points. By resetting a new starting point,
at given locations, a more accurate position of
the vehicle can be acquired. The longer the
vehicle goes without being checked the larger
the errors will be.

Inaccuracies in the system occur due to several
factors. Among the most influential of those is
the terrain in which the vehicle is driven. Steep
or hilly terrain could lead to inaccurate distances
traveled. Distance data acquired as a vehicle
travels on an incline will be different than a
horizontal map distance. Also loss of wheel
traction, resulting in the tire slipping, as well as
vibrations from roadway surface defects can
contribute to additional error that must be
corrected by checking the system or to set a new
starting point.

Appendix A: AVL State of the Art Report




Cost of the System

Currently there is not much information
available as to what a dead-reckoning system
costs. Although there are a large number of
vehicles that use this technology they are
primarily in military service. In other
circumstances this technology is not utilized as a
stand-alone system but rather as a supplemental
system. In the case of the Chicago Transit
Authority GPS is the primary system used to
locate vehicles in real time. Dead-reckoning is
used primarily to locate their vehicles in the
urban.canyons of downtown Chicago. With the
dead-reckoning system in place even in the
shadows of Chicago’s tall buildings the transit
agency can follow and track its vehicle
movements.

Advantages and Disadvantages of
Dead-reckoning

Dead-reckoning has several advantages over
other methods of AVL. The first advantage
being that it does not have to rely on location
hardware outside of the vehicle. Since the
components that track the transport are all on the
vehicle the system doesn’t have to rely on
outside mechanisms such as satellite or radio
transmissions to give it a location. The only
time dead-reckoning needs assistance to locate
the vehicle is when it is verifying its location. If
a vehicle’s location is verified frequently the
accuracy can be comparable to other AVL
systems.

However there are also disadvantages that
degrade the usefulness of the system. The first of
these include the fact the errors will accumulate
with the amount of distance traveled if left
unchecked. Next the system proves more
difficult to track vehicles if they move off fixed
routes. When a vehicle is on a specified route
the exact position can be known, however if it
should leave that route the best a dead-reckoning
system will be able to do is to indicate an area
that the vehicle is in.

DEAD-RECKONING SYSTEMS SUMMARY

Accuracy:
Within 200 to 250 feet
Advantages:
. Self contained on vehicle
. Very accurate over short distances
Disadvantages:
. Errors grow exponential without correction
. More difficult to locate vehicles of fixed routes
¢  Components difficult to transplant into another
vehicle

Current Trend in AVL Systems

The current trend in AVL systems shows
growing interest in utilizing GPS technology.
According to the Federal Transit Association
there are 10 systems currently using GPS and
additional 30 new systems planned. These
numbers show GPS will become the most widely
used of the AVL systems in the coming years.
The next most utilized system is Signpost.
Signpost systems, as of 1996, had 14 systems in
operation, (more than GPS at the time) but only
three new systems planned. The other systems
such as Dead-reckoning and Radio Navigation
together only had four in operation with another
three planned. This would appear to make the
use of GPS and Signpost technology the primary
means of vehicle location.
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CHAPTER 3:

COMMUNICATION SYSTEMS

Good communications between the components
in the field and at the office is critical to the
successful operation of the total AVL package.
There are currently many types of
communications packages. Some of these
include traditional radio, analog cellular
telephone, and advanced digital telephone
technology. Each of these systems undergoes
improvements as advances in technology
continue.

The Need To Use Communication
Systems

Most AVL location technologies use computers
on the vehicle to receive, analyze, and then
calculate the position of a vehicle. This process
happens on a continuous basis so that a vehicle’s
real time location is known. Positional data once
computed needs to be relayed back to the agency
where the vehicle’s location will be displayed on
a computer generated map. The communication
between the on board computer and the agency
requires a fast rate of data exchange, since the on
board computers are generating continuous
streams of data on multiple vehicles.

Types of Communication Systems

The major communication systems available for
utilization in AVL applications consist of Radio,
Cellular, and Satellite technologies. These
systems currently use transmission towers or
orbiting satellites to link vehicles and agency
centers. Each of these technologies is explained
in greater detail below.

RADIO TECHNOLOGY

Currently conventional radio is the primary
means of communication in use by many
agencies. The typical radio frequency is in the
range of UHF 400-500 MHz and VHF 25175
MHz. Some systems utilize shared airtime with
other commercial users in the same geographical
area.

There are two types of radio transmissions
analog and digital. Both are in use in the United
States by different agencies. But each has a
different method for dealing with the
requirement of data transmissions.

Analog systems are typically what are in use at
most agencies. In analog systems the voice of
the dispatcher and the driver is transmitted over
the air. This system is good for verbal
communication but is insufficient, by itself for
data transmissions. The current way that data is
transmitted over these systems is similar to that
applied by most office fax machines. Such
transmissions are characterized by high-pitched
ringing and squealing. The data is converted
from digital form to a sound, which is
transmitted over the air, and then translated back
to the digital form at the receiving end. This
method leads to slow transfer rates due to the
extra time needed to convert and translate data.
Another problem exists in “switching” between
data transmission and voice on the same channel
since only one (voice or data) can use the
channel at any given time. In a larger agency a
trunked radio system may be used to deal with
this problem. In trunked radio system several
channels are used instead of one. A central
control station receives a call and assigns an
open channel. Once the call is done the channel
is again open to be reassigned to the next call.
Each call that comes in receives its own secure
and private line for any length of time needed. A
variety of tasks including both voice and data
transmissions can be accomplished
simultaneously.

To accommodate the need to transmit voice and
data communication between an agency and
their vehicles a switch or data conversion is
employed. This can be expensive, and may be
more practical to evaluate if a separate line can
be installed for data streams instead of
interweaving data and voice.

A Digital radio system is more adapt at handling
data transmissions although more expensive than
analog. In digital radio a method of Time
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Division Multiple Access or TDMA is applied.
The data is sent in its digital form (no
converting) in time bursts usually milliseconds,
leaving the remaining time to be utilized for
voice communications over the same channel.
Since data and voice are digital the radio can
split time between the two different signals,
transmit the pulse, and then recombine them in a
useable form at the receiving end. This means
less airtime required since both voice and data
can use the same channel at the same time.

Radio transmissions exist in three distinct forms.
These transmission forms are spread spectrum,
shared spectrum, and FM/AM subcarrier. In
spread spectrum systems the radio transmission
is issued at a low power, over many frequencies,
and relies on an intelligent receiver to decipher
the information. Due to its low power it does not
currently need Federal Communication
Commission licensing. In shared spectrum the
transmission is shared among a group of users.
This takes advantage of the fact that airtime is
not utilized 100% by most agencies. This allows
for an agency to share the same spectrum and the
cost with additional commercial interests. In
FM/AM subcarrier systems the agency does not
secure its own frequency but rather it rides or
“piggy backs” on an already existing radio
signal, such as a local radio station. All these
methods have varying degree of usefulness
depending on what is being transmitted, how
often, and what degree of reliability the agency
requires.

CELLULAR TECHNOLOGY

Approximately 60% of the geographical areas in
the United States have available cellular
technology, which has lead to interest in using
this as a communication systemn in AVL
packages. Current cellular technology operates
by bouncing a signal off transmission towers that
form a sort of “honeycomb” network in a service
area. The signal is received and relayed to
specific “cells”.

Much like radio, there currently exist two types
of cellular communications, analog and digital.
Many of the same problems explained before are
also encountered with this technology. However
there are different solutions to solve the problem
of transmitting data and voice at the same time
over an analog system. The first solution is to
utilize cellular sidebands called “sidebanding”.

There presently exists between cellular
frequencies a 3-kHz separation that is not
allocated. This would allow the use of voice on
one frequency and data transmission
simultaneously on an only slightly different
frequency, which a smart receiver could read.
Also there is the possibility of using a “blank and
burst” method. In this way voice is blanked out
for only a few milliseconds while a data burst is
transmitted. This allows voice and data to use
the same frequency. Where the previous two
methods have tried to find ways to transmit data
over the same or very close frequencies the final
method operates outside of a secured frequency.
Cellular Digital Packet Data uses idle or inactive
channel space on a cellular transmission system.
This allows CDPD to transmit on a range of
frequencies, utilizing any one that is available.
To do this it also requires a receiver that can
scan those frequencies to capture the signal.
Digital cellular, in contrast to the methods
applied to analog above, does not need any of
these special techniques. All transmissions are
translated into data bits. This allows any data or
voice message to be encoded, broken down,
transmitted, and reconstructed on the receiving
end without the need of special techniques.

Cellular technology is an expensive technology
to use in an AVL package. Typical cellular
expenses are generated based on the amount of
airtime used. In AVL packages that relay
positional data on a continuous basis, the charge
for airtime will be excessive. In other AVL
packages where the need to locate a vehicle is
only a few times per day, the air time expenses
are likely to be more reasonable, and comparable
to a radio system that transmits continuously.

SATELLITE TECHNOLOGY

Satellite communication systems are a
technology that will be the next step in
telecommunication. This technology moves
away from the need to install an increasing
number of transmission towers and instead
invest in only a few satellites that orbit the earth
giving much better coverage.

Satellites currently are categorized as two types.
The first is a GEO satellite. In this type of earth
orbiter the satellite is placed in a path and with a
velocity that is in sync with the rotation of the
earth. This maintains the satellite’s position over
a specific area at all times. GEO systems are
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capable of handling both data and voice
communications. However since the altitude of
these space vehicles is approximately 36,000
kilometers the only way of communicating with
them is through high powered antenna. The
second type is called LEO. In this type the
satellite is at a lower orbit, approximately 800
kilometers which would allow it to communicate
with hand held devices. This type of satellite is
used to relay data only and is low power.

Communication Systems Summary

In transit agencies today, the most common
method of communication is still analog radio.
This system remains one of the most economical
form of direct communications available, when
compared to the other options mentioned earlier.
However, analog systems are not considered by
many to be efficient or reliable enough for use in
AVL systems. This is because of the need to
translate data from digital to sound. This process
of translation requires additional time to process
(the data) and additional airtime to send it. In
the future it is more likely that digital radios with
their ability to take data in its digital form and
transfer it faster will eventually replace analog.
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CHAPTER 4:

COMPUTER DISPLAY SYSTEMS

The final component in an AVL system is a
computer display system. Once the vehicle has
been located using location hardware, its
position calculated, and then communicated to
the agency it must be located on a map.
Computer maps are responsible for taking the
information being supplied by the vehicle and
displaying it on a digital roadway database.
Many of these digital maps are sold as part of the
total AVL package.

Digital Map Databases

The digital map database, needed to display the
vehicle locations, can be obtained by an agency
in several ways. The easiest way 1s to purchase
the map information. Currently there are several
vendors that sell digital maps throughout the
United States. The maps can vary in price
depending on what information or the amount of
information that is being required. The coverage
of these maps is good but also limited. Updating
city grid information, when new street are
constructed, will require additional personnel
training, unless a service agreement is made with
the map supplier. Additionally, most map
suppliers are limited to larger metropolitan areas.
For smaller, less urban areas there may not exist
ready-made large-scale digital maps. Agencies in
smaller urban areas may have to create their own
map databases. This can be done in two
different ways. The first is by digitizing current
street patterns from local maps and creating the
database from scratch. This is a time consuming
process that requires commitment and a capital
investment. The other way to create a map
database is by purchasing it from the Federal
Government. The Federal Bureau of the Census
compiles digital map data into TIGER files.
These files contain roadway information that can
be used to create a crude local route map
database. Local agencies will need to clean and
enhance the TIGER file for AVL use.

Once the initial database is available there are a

range of functions that digital maps can perform.

Some of these can be grouped into the following:
*  Geocoding Street Addresses

e Best Route Information

¢  Route Instruction
Each of these is used to increase the accuracy
and usefulness of the overall AVL system.

GEOCODING STREET ADDRESSES

This basic function of digital map is to allow a
vehicle to be located as it travels along a given
path. To do this, streets in a digital map are
stored not as graphical lines but rather as a series
of address ranges with directional orientations.
In this manner a street’s address ranges can be
converted into longitude and latitude, with the
location of the vehicle linearly interpolated along
that line. This allows the vehicle’s location to be
shown between address ranges.

Geocoding using the linear interpolation
mentioned also allows a digital map to perform
“snap to” calculating. Because the AVL locating
hardware is not completely reliable, many times
the location of a vehicle does not fall within the
address ranges of the digital database. Rather
than displaying the location of the vehicle in the
middle of a city block a digital map can use its
geocoding function to “snap to” the nearest street
location that matches the position of the vehicle.
This allows for a better graphical presentation of
the vehicle’s location. Without this feature, it
might appear that a vehicle traveled near to,
around, but never always on the street it was
intended to.

BEST ROUTE INFORMATION

Because information on each street in a network
1s stored as numeric data with an orientation it is
possible for a computer to use this to derive
directional information about one street in
relation to another. This is seen in the
computer’s ability to take a digital map and
perform a best route or shortest path calculation
between two points. In the event an agency’s
vehicle needs to travel to a destination in the
shortest period of time possible, this function
would be beneficial. The digital map not only
has stored information about how a street is
orientated in the real world but also how that
street is orientated to other roads as well. This
allows the computer to derive the best path for a
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vehicle to take given that the destination and the
street network are known.

ROUTING GUIDANCE

Route guidance is the function by which the
agency uses the digital map to guide a vehicle to
its destination. By using this the digital map
tracks a vehicle as it proceeds along a path
toward a preset destination. As the vehicle is
traveling the map will send out directional
information such as when to turn and how far the
vehicle needs to travel until the next turn. Using
this function the vehicle is not just being tracked
by the digital map but are directed to their
destinations.

Computer Display Systems Summary

Current computer display systems utilize digital
maps. These maps are purchased or created and
can perform different functions to contribute
additional benefits to an AVL system. These
benefits might be “snap to” location for vehicles,
best route information, or route guidance.
Together with the location hardware and the
communication system the computer display is
the last component necessary to have a working
AVL system
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CHAPTER 5:

ADVANCED PUBLIC
TRANSPORTATION SYSTEMS

Automatic vehicle location systems are only one
of the new advanced technologies that are being
utilized by agencies. These recent technologies
known as Advanced Public Transportation
Systems or APTS center around the need to
gather information and promote more effective
public service. Many of these new systems can
operate as stand alone or in conjunction with an
AVL package. In this chapter the use of these
systems in combination with an AVL system is
explored.

Advanced public transportation systems can be

categorized into the following:
1. Fleet Management and Operation Systems
2. Traveler Information Systems
3. Electronic Fare Collection Systems
4.

Traffic Management Systems

I. FLEET MANAGEMENT AND OPERATION
SYSTEMS

This category of systems focus on the agency’s
need to monitor its vehicles in the field. This
includes the need to observe events on the
vehicle as it travels and pinpoint the vehicle’s
.location, when needed. The following is list of
the current technology that can be found in this
category.

Silent alarms:  These are alarms placed near
the driver, which can be activated to alert
officials when an emergency has occurred.
Primarily a safety feature used to alert the
agency if criminal activity, medical emergencies,
or a vehicle accident has happened, it becomes a
more powerful system when used in combination
with an AVL package. In this form when
activated not only will the agency know in which
vehicle an incident has occurred on but also
where it is located, without having to contact or
compromise the driver’s safety.

Audio and visual equipment: This is
equipment used to monitor the activities that are
happening on the vehicle. They are used as a
legal tool to record criminal activity. They also

prove beneficial in monitoring the individuals on
the vehicle during an accident to identify
individuals that were actually on the vehicle.
Again when used in combination with AVL
package the system can not only record the
events that are happening on the vehicle but also
the location of the vehicle when the incident
happened.

Computer Aided Dispatch Software: A
computer aided dispatch system is used in
conjunction with AVL to monitor and dispatch
vehicles on demand. In addition to fixed route
service it is also used by taxi and para-transit
services. AVL allows an agency to locate where
a vehicle is in location to pick up or drop off
points so that quicker and more efficient service
can be offered.

Geographical Information Systems: Also
know as GIS these systems are used by
municipalities to track and analyze a variety of
information. GIS is widely used to analyze
existing services and its associated demographic
conditions. Similar information in turn can also
be used to locate and plan new routes. By
locating the regions of a city with the highest
volume of population and greatest potential for
ridership new routes can be planned or existing
routes adjusted. AVL systems can take
advantage of GIS as well. New programs are
available that allow AVL systems to use a GIS
package as the computer display system. This
allows the agency greater capabilities to display
and interpolate information that is not available
with most standard digital maps.

Automatic Passenger Counters: Counting
the number of passengers getting on or off the
vehicle at a given location and at what time can
assist the agency in modifying its services. This
can be done by two methods. The first uses
infrared beams that when broken can detect and
record the movement of a passenger on or off the
vehicle. The other method is activated by
pressure generated by the movement of a
passenger’s foot moving over an area. The
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direction of the movement also gives an effective
way of counting the number of passengers
arriving at or getting on at a given stop. AVL
systems that are joined with automatic passenger
counters allow the agency to retrieve information
on how many individuals get on or off on any
given stop.

II. TRAVELER INFORMATION SYSTEMS

This category of systems is used primarily to
inform the current passengers, or potential
passengers of information they will need to get
to their destination. “Information” could include
when a vehicle is scheduled to arrive at a certain
stop, if a vehicle is running behind schedule, or
what the next is. The following are a list of
systems that can be found in this category.

On Board Visual Display Panels: Current
forms of this technology involve on board panels
that scroll through information for the benefit of
the passengers. These displays can be a mono-
or multi- color arrangement and utilize a matrix
of small light emitters that when signaled
together can form pictures, words, or animation.
One use of these panels is the “next stop”
display. This provides a visual announcement of
what the next scheduled stop is. AVL can
improve the accuracy of this function. When the
location of a vehicle is known the next stop can
be calculated and displayed. The current system
uses a clock to guess at where the vehicle should
be along its path.

On Board Announcers Systems: These
systems use prerecorded announcement to
verbally indicate important information to
passengers, such as next stop and time to arrival.
Advantages of such a system over the visual
display boards is that they can be utilized by the
vision impaired. One disadvantage is that they
can become annoying to riders if the
announcements are set on a short repeat cycle.

Smart Kiosks Systems: These devices are
located at pickup/drop-off locations and offer a
variety of information to the traveler.
Information can include when the next vehicle
will arrive, what other modes of transportation
are available at the traveler’s destination, and
what are the connecting routes and times. These
devices are usually connected to the agency by a

communication link so that up to the minute
information can be made available to the
traveler.

Automated Telephone Information Systems:
This system takes advantage of a caller’s touch-
tone phone to direct the individual to the
information that they request. These systems
utilize prerecorded announcements for each step,
which are stored on a digital medium. This
digital storage allows the same recordings to be
played simultaneously on different phone lines if
necessary. This system is also refereed to as an
electronic operator.

Internet Information System: As the growth of
the Internet continues individual access to it will
also grow. This will allow more people to check
the schedule of a vehicle, routes, transfers, and
even see it traveling in real time, to help them
make more informed travel plans.

III. ELECTRONIC FARE COLLECTION SYSTEMS

One perception of the average passenger is that a
vehicle trip costs too much. This is primarily
because the rider is asked to pay each time that
they use the service. This can also lead to
frustration on the part of the rider since they may
not possess the exact fare needed to ride. The
advantage of electronic fare collection systems is
that they do not require the rider to have the
exact fare but to only have available an identifier
(ID) card that can identify and bill them at a
more convenient time, instead of at the fare box.
There are two types of methods that can be
found in this category.

Contact-less Smart Cards: This card utilizes a
system similar to the anti-theft tags used by
major department stores. In each card, registered
to a specific passenger, is a small “tag” with a
unique identifying code. When this tag comes
into close proximity with the reader (located at
the fare box) its code is scanned, read, and
recorded. At the agency the tag codes are linked
to the individual that it was released to and after
a period of time, a bill is sent to that individual.
The advantages of this system are that the
agency doesn’t have to deal with money as often
and that people don’t need to carry money.
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Contact Smart Cards: The primary difference
between this method and the one above is that
here the card requires the rider to swipe it
through a reader. The smart cards in this method
primarily use a magnetic strip in the back of the
card that contains the id code. The code is
recorded and handled very similarly to the
method mentioned above.

IV. TRAFFIC MANAGEMENT SYSTEMS

This category of systems concentrates on how to
move a vehicle more efficient through traffic.
This is done in a variety of ways. Currently the
most utilized method is through geometric
design, which guarantees designated space on a
road to high occupancy vehicles. But there is
another method that is starting to be used to
move a vehicle more effectively on streets that
do not have special lanes. This method is Signal
Preemption.

Signal Preemption Systems: These
systems use a communication link between a
vehicle and existing traffic signals to give
priority to the vehicle as it approaches a set of
lights. In this way if a vehicle is running behind
schedule, the traffic signal activated by the
vehicle and can adjust the traffic lights to offer
more green time. Thus the vehicle will be given
a priority and allowed to pass without stopping.
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CONCLUSION

The current state of the art for automatic vehicle location systems combines positioning hardware, a
communication package, and a computer display system to monitor and track a vehicle’s movements in
real time. The advantages to the agency that uses AVL is the ability to observe, collect, and analyze
information about a fleet’s performance as it travels in real time. This data give an agency the ability to
make better and more informed decisions while also providing quicker response to emergencies. The
benefits to the rider mean better on time performance and less waiting. The exact extent of how beneficial
AVL is, depends on how an agency chooses to apply this technology, so results will vary between
agencies.

Currently of all the available AVL systems the one that is drawing the greatest attention is Global
Positioning Systems or GPS. With nearly double the number of new installations planned over all other
types of AVL packages, it appears to be the preferred location technology. GPS allows an agency the
ability to track its vehicles on or outside of fixed routes with nearly 98% satellite coverage of North
America. The disadvantages of GPS come when the line of sight between the satellite and the vehicle is
broken. GPS can not operate in areas of dense foliage or extremely tall structures.

Before GPS was available, signpost technology was the most widely used location product. This
technology still requires a heavy investment due to the expense involved with equipping not only the fleet
but also modifying the existing infrastructure. Signposts are activated by the close proximity of a vehicle
mounted with a receiver or transmitter. This allows signpost technology an advantage over other packages.
The fact that the line of sight between a signpost and the vehicle is small decreases the chance of
interference by large structures. However the need to monitor the system and continuously maintain it
requires more personnel than other comparable systems.

One of the first forms of AVL technology being used by agencies to track vehicle movements was the
Loran C or ground based radio system (GBR). This system applied radio triangulation to acquire a
vehicle’s position. GBR utilized a very simple technology. However the accuracy of this system is not
consistent. There are a variety of factors that interfere with radio transmissions and these also degrade the
usefulness of GBR. In the near future the current system of radio towers originally maintained by the US
Coast Guard will be scrapped. This explains the reason for way there are no additional system planned.

The last type of AVL system is the only one that relies on components all stored on the vehicle. In a dead-
reckoning system there is no need for outside radio, satellite, or short-range transmissions. The entire
system resides on the vehicle. In this type of system an internal compass, gyro, and wheel rotation
information is used to calculate a vehicle’s position from a known starting point. The mathematics that is
utilized to calculate the vehicle’s position is very precise. However due to the limitation of hardware the
actual result is less than precise for long distances.

In the market today there are several types and versions of AVL available to chose from. Each has its own
advantages and limitations. Agencies need to evaluate what systems.are right for them and budget for
installation and maintenance costs. Through planning, evaluation, and reasonable choices does the full
benefit of this type of technology pay off, not only for the agency but also for the rider.
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Vendor Survey Final Report

Abstract

AVL is a rapidly changing technology and it is important to identify companies
and products that have been around and will continue to exist in the future. This
continuity or “here today still here tomorrow” allows investments in Automatic
Vehicle Location (AVL) technology to take place with less risk of a company
dissolving and a transit agency being left without maintenance and product
support for their investment. To identify these companies a search and survey
was done to compile a list of AVL vendors and their products. The following
section of this report identifies companies that have a record of serving the transit
market. It also provides information about company profiles, products, service
plans, and the type and size of AVL systems they have installed to date.

Summary of Findings

The following is a list of major survey findings:

1.

(V8]

Of all the survey participants 80% have been offering AVL products and
services to the transit industry for less than 10 years. In contrast, the average
number of years that each company has been offering products and services for
vehicle tracking to the United States military and private sector was 27.

Of the survey participants one fifth (20%), offered Signpost technology, two
fifths (40%) offered Dead-reckoning, and 80% offered GPS and or Differential
GPS. This shows that the trend in vehicle location technology is toward
supplying the transit industry with GPS or DGPS. Of those vendors that offer
products other than GPS such as in the case of Dead-reckoning, it was found
that these products are used to add accuracy to a GPS system rather than used
as a stand-alone system.

Information varied about the accuracy of the individual AVL products offered.
Even among the GPS products, accuracy ranged from 300 to 100 meters and for
DGPS from 100 meters to 1 meter. This information shows that not all systems
have the same performance, regardless if they are in the same category of AVL
systems.

Conventional radio was the most common communication method utilized in
AVL packages. This is due to the prevalence of conventional radio in the
transit industry, however it was also indicated that most AVL systems could be
made to work using a variety of communication means.

In the past, personal computers (PC) used with AVL have been too “under-
powered” to run sophisticated software programs. This meant that specially
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designed workstations were custom built and used in place of the PC for many
years. With the increasing speed and power of the microprocessor this is no
longer the case. All survey participants use a PC to display vehicle movements
in situations that call for tracking less than 100 vehicles. The PC operating
‘systems used range from Windows 95 to NT. At a point between 100 and 500
vehicles the option of using a workstation or a PC should be considered. If
more than 500 vehicles will be displayed, then a workstation is still
recommended.

6. The maps used to display the location of vehicles as they travel are obtained
through three ways. The first way is to purchase the map information from
outside vendors. Most major cities have been digitally mapped by vendors.
These digitized maps are sold for a variety of reasons. Out of the total number
of participants, 80% said that they obtain their maps in this fashion. The next
possibility is for the AVL vendors to digitize their own map. This is usually
accomplished through the Federal Government Census’s TIGER files for less
than $100. And the final possibility is to get a digitized map from a
municipality that uses a Geographical Information System (GIS). Many GIS
systems require the same information that an AVL systems uses to track
vehicles making it very easy and inexpensive to generate the base map.

7. Service programs are consistent among AVL vendors. Information gathered
from participants showed the average system warranty to be 12 months with
maintenance provided through service contracts arranged between the vendor
and the transit agency.

8. The average number of systems any vendor has installed and is in the process
of installation was 8, with the highest number of installations being 15 and the
lowest 5. Out of these systems the largest single installation of vehicles in any
given systems was 12,000 (taxi system in Singapore) and the smallest was 5
(Orlando, FL demo).

Methodology

The process of compiling information on various vendors required several steps.
The first step was to identify the possible vendors that are servicing or could
service the transit industry. This was done three ways, through industry
publications, Federal Government documents, and through Internet search
engines. Through industry publications, only a handful of vendors was obtained.
Federal documents, especially those gathered through the Federal Transit
Administration, yielded a more detailed list of over 15 possible companies. The
Internet search yielded more vendors. The following information was obtained
from these searches and compiled into lists of possible AVL vendors.

(93]
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APTS Co. Name Other Information

From Publications

AVL-GPS Orbital Science Corporation - ITS 20301 Century Boulevard Germantown MD
AVL-GPS Harris Corporation P.O. Box 5100 Melbourne FL
AVL-GPS 3M Intelligent Transportation Systems 3M Center, Building 225-4N-14 St. Paul MN
AVL-GPS Rockwell International Dept.120-130, 350 Collins Road NE Cedar Rapids 1A
AVL-GPS Transportation Management 800 International Drive, Suite 110 Linthicum MD
Solutions
From Federal Transit Administration
AVL-GPS Rockwell Int SunTran Tucson AZ
AVL-SO  General Roadway Signal LAMTA Los Angeles CA
AVL-GPS 3M Corp. The Vine Napa CA
AVL-SO  Motorola Muni San Francisco CA
AVL-GPS UMA, Trimble Outreach San Jose CA
AVL-GBR Teletrac (lease Co.) SMMBL Santa Monica CA
AVL-GPS Traffic Management Solutions RTD Denver CO
AVL-GPS Harris Corp. SCAT Cocoa FL
AVL-GPS Ericson MDTA Miami FL
AVL-GPS Management Analysts Arc Transit Palatka FL
AVL-SO  Glenayre Municipality Louisville KY
AVL-GPS Orbital Science Ride-On Montgomery MD
AVL-GPS GMSI WSTA Winston-Salem NC
AVL-SO  F&M Gilobal TRT Norfolk VA
AVL-LC I Marrow STS Sheboygan Wi
AVL-SO  Siemens LTC London ON
From Internet Search
AVL-GPS 11 Marrow Inc. 23435 Turner Road SE Salem OR
AVL-GPS Ashtech 1170 Kifer Road Sunnyvale CA
AVL-GPS Locsys Inc. 2016 East Broadway Boulevard Tucson AZ
AVL-GPS Orbital Science Corporation - ITS 20301 Century Boulevard Germantown MD
AVL-GPS Glenayre Electronics, Inc. 5935 Carnegie Blvd. Charlotte NC
AVL-GPS Harris Corporation P.O. Box 5100 Melbourne FL
AVL-GBR Teletrac
AVL-GPS Motorola
AVL-GPS 3M Intelligent Transportation Systems ~ 3M Center, Building 225-4N-14 St. Paul MN
AVL-GPS Rockwell International Dept.120-130, 350 Collins Road NE ~ Cedar Rapids 1A
AVL-GPS Pacific Arepco 3195B Airport Loop Drive Cosa Mesa CA
AVL-GPS CES Wireless Technologies 925122 S. Semoran Boulevard Winter Park FL
AVL-GPS Datalink Systems Inc. Vancouver B.C.
AVL-GPS Matrixmedia-Unicom P.O. Box 3486 Winter Springs FL
AVL-GPS AVL Information Systems Inc. 16135 Harper Avenue, Suite 210 Detroit MI
AVL-GPS PacComm Packet Radio Systems, Inc. 4413 N. Hesperides Street Tampa FL
AVL-GPS Thorcom Systems Limited Unit 4, 96B Blackpole Trading Estate  Worcester UK.
West
AVL-GPS American Technologies Inc. 460 Cedar St. Fond du Lac WI
AVL-DR Andrew Corporation . 10500 W. 153rd Street Orland Park IL
AVL-GPS International Road Dynamics Inc. 702-43rd Street East Saskatoon SK
AVL-GPS Advanced Research Corporation 8195 Spire Ct. Colorado Springs CO
AVL-GPS Transportation Management Solutions 800 International Drive, Suite 110 Linthicum MD
AVL-GPS Automatic Vehicle Location Systems 6130 3rd street SE, Suite 500 Calgary Alber
Ltd. ta
AVL-GPS Trimble Navigation Limited 675-] Tollgate Road Elgin IL
AVL-GPS General Railway Signal Corp. P.O. Box 20600 Rochester NY
AVL-GPS Position Inc. USA 16155 Park'Row, Suite 190 Houston X
AVL-GPS Starlink, Incorporated 6400 Highway 290 East, Sutie 202 Austin TX
AVL-GPS GMSI Inc. Schaumberg IL
AVL-GPS ElectroCom Communications Systems 2910 Avenue F Arlington TX
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On these lists several companies appeared more than once. However, several
others appeared only on a single list such as many of the vendors obtained from
the Internet. At this point, a decision was made to focus on companies that
appeared in more than one list and to draw heavily from the list obtained through
the FTA. In this way, information would be gathered from vendors that maintain
a presence in the transit industry. This decision allowed information gathered to
be more relevant to the project. A final list of the vendors contacted appears

below.

APTS Company
AVL-GPS 3M Corp.
AVL-GPS Ericson
AVL-GPS GMSI
AVL-GPS Harris Corp.
AVL-GPS Management

Analysts
AVL-GPS Orbital Science
AVL-GPS Rockwell Int'l
AVL-GPS Traffic
Management
Solutions
AVL-GPS UMA, Trimble
AVL-LC II Marrow
AVL-SO F&M Global
AVL-SO General Roadway
Signal
AVL-SO Glenayre
AVL-SO Motorola
AVL-SO Siemens

After the final list was compiled, the focus of the project shifted to identifying
information about individual vendors and the AVL industry as a whole.
Information gathered looked to answer basic questions such as: What industries
do their products serve? How many systems have they installed? Do they have
any experience doing work for government agencies? Etc. Firms on the final list
were contacted with a survey that focused on information about their products for
transit agencies.

The survey used had four categories of questions. These categories were
company profile, product profile, service profile, and installed systems profiles.
Each area category had a specific purpose as outlined below.
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COMPANY PROFILE
Survey questions in this area dealt with the company’s organization and
background to give insight on where the company has been and its future.

PRODUCT PROFILE
Questions in this area highlight the products and services offered by the
agency. Information is narrowed to AVL hardware, Communication
Packages, and Mapping or Display Systems.

SERVICE PROFILE
In this area the vendor will have the opportunity to explain how individual

systems are serviced after they are installed.

INSTALLED SYSTEMS PROFILE
The final area of the survey addressed the size and location of installed
systems. Included in this area were questions on the feasibility or
knowledge of any regional AVL system in planning or operating.

Results of the Survey

Since most of the vendors used in the survey were obtained through Federal
documents there was a problem in locating a person to contact at each firm. This
was due to the lack of a phone numbers and addresses in the original documents.
It was also found that some companies have merged, been bought out, or no
longer have the same address or phone number. Out of the initial 15 vendors that
were picked for the survey 3 where found to no longer be in business or no longer
offer AVL products. Other companies have one primary salesperson that handles
all questions and comments on their products which made it difficult to acquire
information. Two other companies declined to participate in the survey. Out of
those that remained the following information was generated, results are
presented here broken down into the categories used on the survey form.

Company Profile
Of all the survey participants approximately 80% of them have been offering

AVL products and systems to the transit industry for less than 10 years.
However, several of these same vendors have been offering vehicle-tracking
technology to the US military and commercial fleet sectors for the past two
decades. In fact, one of the current vendors that participated in the survey
was responsible for helping the US military deploy the first GPS
constellation.
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Product Profile
AVL Hardware:

The survey originally listed GPS, DGPS, Signpost, and Dead-reckoning as
the different AVL hardware systems that are on the market. From
contacts made with the vendors 80% of them offered GPS or DGPS
systems, 40% offered Dead-reckoning (mostly as a backup to GPS
systems), and 20% offered Signpost technology. This may be surprising
considering that GPS is the newest of the available technologies.
Accuracy of these systems was also listed by vendors as between 100 to
300 meters for GPS systems and for DGPS 100 to 1 meter. This shows
that among different vendors there is a difference in the products available
even though they are using the same satellites.

Communication Packages:
Of the participants in the survey, all expressed the ability to use the transit
agency’s existing communication systems as a means for linking the
vehicle with the monitoring station. The most common communication
system encountered by the vendors is conventional radio.

Mapping and Location Display Systems:
The number of vehicles that need to be tracked and a transit agency’s
location will affect an AVL vendor’s decision on what hardware and
mapping systems it will provide. In situations where the number of
vehicles 1s more than 500, many vendors recommend an especially
designed workstation over the personal computer (PC). This is due to the
speed and memory restrictions of most PC’s. However, when the number
of vehicles is less than 500 or as little as 100, a PC is the most commonly
used system. When a PC is used the most commonly used operating
system is Windows NT, however, Windows 95 is also utilized. And in
larger urban areas AVL vendors will elect to purchase available digital
maps from a supplier or inquire if that municipality has a Geographic
Information System (GIS) file with a digital map that can be utilized. In
areas where no digital maps exists a vendor may choose to construct their
own digital map through TIGER files obtained through the Census
Department of the Federal Government.

Service Profile
Survey participants listed a 12-month period as the standard AVL system
warranty. If during that time the system should fail or not perform to
expectations, the cost of adjusting or fixing is still included in the original
purchase price. The one-year is the industry standard; however, service
contracts, which a vendor negotiates with.the transit agency, vary greatly
depending on the individual needs of the agency.
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Installed Systems Profile
The number of systems a company has installed and is in the process of
installing was not as many as would be expected. The average number of
systems any vendor has installed for transit agencies was 8. The largest
number of AVL systems that any vendor had installed was 15 and the lowest
5. However, when looking at the number of vehicles that were outfitted with
AVL technology in any given contract, the largest number appears to be
12,000 for a taxi system in Singapore and the smallest 5, which was a
demonstration project done for Orlando Florida.

Conclusion

When evaluating the results of the AVL vendor survey one can see that there are
similarities or emerging trends between different companies. With 80% of the
vendors offering GPS and DGPS, the trend shows that this will likely become the
preferred way to track and monitor vehicles. The display units, which only a few
years ago would have been all workstations due to the under-powered PC, are
now PC’s, as their speed and processing power have increased. In addition, it will
be more likely that vendors will also utilize existing digital maps as more
municipalities generate city grids using GIS and as the digital map vendors branch
out from the large urban areas. In the coming years, the market will continue to
converge on similar products and methods for producing these systems which will
lead to competition growing and lower prices. This will allow for further growth
and better products.
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(The on-board survey has been reduced in size to fit on standard sized paper.)






Manitowoc Transit System-On-board Survey

The purpose of this survey is to assess the impact of using improved technology in transit facilities to provide better service to the riders. By filling out
this form you are giving informed consent to be in this study. All information will be anonymous.

1. How often do you ride the bus?

(3 More than 5 times a week. 0 3-5 times a week. 0O1-2 times a week
O 1-3 times a month. O Less than once a month
2. What is the purpose of your trip today?
0 work O Shopping O School O Medical O Other

3. How do you get information about the bus service? (check all that apply)
I have a copy of the bus schedule
I call the bus company
From other people
From information displayed at the bus stop

Other
4. Do you use the bus schedule for planning your trip?
03 Yes O No O Sometimes
5. How long did you have to wait for the bus today?
O Less than 5 min 0 5-10 min 0 10- 15 min O More than!5 min
6. Is the schedule information displayed on-board the bus adequate?
O Yes O No

7. How would better information about when the bus actually arrives at the stop affect your use of transit?
O Ride more 0 Ride less 0O Ride the same

8. Please rate how important the following are in your decision to ride the bus.

Very Somewhat Neutral ~ Somewhat Very
Important Important Unimportant Unimportant

g

To have information at the bus stop on when the bus will_*
Cactuallyarrive o e U T e e R
Bus arrives at the scheduled time

o o

Knowing how late the bus is in case of a delay .7
Displaying the next stop inside the bus

Having the driver call outthe stops .~

Knowing the bus is equipped with a2 911 emergency

system . : . .
-Knowing that another bus can be immediately dispatched - |
cif therejs a breakdown . oy e T

Knowing the transit system uses the latest vehicle location
technology

Having a seat available at all times

Low bus fares

00 0 0 ooooo .

Q0 0 0o ooooao.-
0O 0.0 ooooo-n

00 00 oooao.a
QQ 0.0 ooaooo.

9. Did you have a car available that you could have used for the trip you are making today?
J Yes O No

10. Areyou a: 0 Male O Female

11. What is your age group:
O Under 18 018-25 0 26-45 0 46-65 O Over 65

12. Please use the back of this page to let us know if you have any additional suggestions or information you
think will be helpful in providing better bus service.

The Center for Urban Transportation Studies at UWM will be conducting a small group discussion. You will
be paid $20 for participating. If you are interested in taking part in the discussion please provide the
following information: Name: Phone Number:
1 would be able to attend on:
Tue. Mar 10, 3:30 - 5:00pm Tue. Mar.10, 6:00 - 7:30pm at Manitowoc Transit Center.

Please return this form to the driver or mail into the following address:

Center for Urban Transportation Studies

University of Wisconsin - Milwaukee

Milwaukee, WI 53211-784




Survey: Transit Agencies Using AVL Technology

Technology Information

1.

What kind of AVL system are you using?

Name of System Vendor:

What are the components of your AVL system?

A. Location Technology
¢ Signpost
¢ Global Positioning Satellites (GPS)
¢ Ground Based Radio
¢ Dead-reckoning

B. Communication System

Radio

¢  Analog

¢ Digital
Trunked channels? (Yes/No)
Cellular

¢ Analog

0  Digital

Other type of system, explain:

C. How was your base map information created?
¢ Purchased a ready to use map
Vendor:
¢ Digitized a customized map specifically for your use

Implementation

o
J.

4.

What were the agency’s initial reasons for seeking to adopt an AVL technology?

How did you gather support from the local government officials for the system? What kind of
promotion strategy did you use?

What unexpected problems did you encounter when you implemented the AVL system?
Which of these caused major cost problems?
Has the system performed as expected?

Do you feel that your agency had adequate training and background to implement the new
system?

Did you have any problems with the employees about using a new system / technology?



10. How were the workers trained to use the new technology?
11. Did you need to reallocate staff after implementing the AVL system?
12. What was the cost involved in installing the system?

13. How long did it take to install the system?

Benefits

14. What do you think are the benefits of your AVL system?
a. For Management

b. For Employees
c. For Customers
Use of the system
15. What do you think are tl.le drawbacks of your AVL system?
16. How often does the system break down during normal operating hours?
17. Do you have Vendor support for maintenance?
18. What is your annual Vendor cost?

19. How much of the output data do you use? Do you face any difficulty in managing the
information output?

Advice for other Agencies

20. What advice would you have for other transit agencies that may be considering the use of
AVL? ,

21. How important do you think an AVL system is to a small transit agency?

22. Do you share the system with any other agencies? If yes, how do you go about cost sharing?
Staffing?

23. Do you have any bid documents or any other information that you could share with us?
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AUTOMATIC VEHICLE LOCATOR SYSTEM (AVLS)

Table of Contents

Introduction/Project DeSCTIPtiON .........cccoeeviririeueieiiieeeeccece e p.-3
SCOPE OF WOTK ..ot p.- 4
Proposal ReqUIr€ments ..........ccooveiroeoiiiniieeie e et p.9
General ProvISIONS .........cocoiiiiiiiieceientrne e p- 11
Evaluation and Selection ............ccocceviieiiinnrieeee e p. 12
Attachments
A. Required Contract ClauSESs .......cccoeeieuiiieieieeieeeieeee e p. 14
B. Budget GUIElNES .......ccooeueriiiiiriieeeeee et p-17
C. Contractor Data SREEt .....c.cccoviriiiiiieeeee et p- 18
D. COLTS' Service Area Map ......cccccoiioiriniieeeie ettt e p. 22
E. Ineligible Contractor Certification ............ccoecveuiiriiiiiiiicieeieceeeeeeeecee e p.23
F. Commonwealth Nondiscrimination Clause .............ooccooeveeeeeeeeeeeereeeeeennn p. 24
G. Buy America Certificate ..........coooiiiimieiineeeiieciieeeee e ere e p. 25
H. Affidavit of Non-ColluSion .........ccocoooiiieeiiiiiieiiciee e p- 27
I.  Certification Regarding Debarment,
Suspension and Other Responsibility Matters ............c.c..c........... ST p. 29

J. DBE ASSUIance........ccccocemesencceceeenreeee et p- 30

SChedule "A" ...ttt p- 31

Schedule "B ...t p. 35
K. DBE CertifiCation ......ccooeeeeieieeeeiiieie ettt eene s ee e p. 40
L. DBE Participation FOIM......c..cociiininioiniiicieeececee et p- 41

Appendix D: Request for Proposals



DOCUMENTS REQUIRED WITH SUBMISSION OF RFP

RFP DUE DATE: XXX XX, XXXX

TIME: 11:00 AMES.T.

PLACE: COLTS' Conference Room
North South Road
Scranton, PA 18504

The following attachments and schedules in the RFP document must be included with your
proposal in order to be responsive. If any of the listed affidavits, assurances, or certifications are not
included in your submission, your proposal will be deemed non-responsive and will not be granted further
consideration.

= ATTACHMENT E: Ineligible Contractor Certification...........c...ccevereveeuerrvrrenncnnnn. p-23
» ATTACHMENTF: Commonwealth Nondiscrimination Clause..............cccococ...... p. 24
e ATTACHMENT G: Buy America Certificate .........coovevveiririeerrcieeeecee e p. 25
» ATTACHMENT H: Affidavit of Non-Collusion..........ccocoveeiieeeiiieieniivicieceeeeen . p. 27

e ATTACHMENTI: Certification Regarding Debarment,
Suspension, and other Responsibility

MaETS ...t p. 29

e ATTACHMENT J: DBE ASSUMaNCe.....ccccceceiieieuieeieeeiieeieeie et p. 30

» SCHEDULE A: DBE EL@Ibility ...cooiiiiiiiiiieeee e p.31

* SCHEDULE B: Joint Venture ELgibility .......c.ccoceoiiiiinniiie, p.-35
e ATTACHMENT K: DBE Certification ......c.ccocoveieiiiiieiece e p- 40

*x ATTACHMENT L: DBE BUSINESS PARTICIPATION FORM...........ccccccuc.... p. 41

* Only if applicable.

** To be submitted within seven (7) days of proposal opening.
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REQUEST FOR PROPOSALS

AUTOMATIC VEHICLE LOCATOR SYSTEM (AVLS)

The County of Lackawanna Transit System (COLTS) is requesting proposals from qualified firms
interested in supplying an Automatic Vehicle Locator System (AVLS) used to display position of buses in
the Lackawanna-Luzerne County service area.

Copies of the REP will be available on Monday, April 5, 1993. Requests for copies can be made
by contacting Robert Moffitt, President, Moffitt Radio Communications, at (717) 689-0918, or (717) 689-

0316 (FAX).

Disadvantaged Business Enterprise (DBE) participation is encouraged by COLTS. DBE's will be
afforded full opportunity to submit proposals and will not be subject to discrimination.

Five (5) copies of the proposals must be received no later than 11:00 AM E.D.T., May 17, 1993
and should be addressed to:

Mr. Kurt Kempter

Director of Development

County of Lackawanna Transit System
North South Road

Scranton, PA 18504

A pre-proposal conference will be held in COLTS' Conference Room at the above address on
Wednesday, April 28, 1993, at 10:00 AM E.D.T. Attendance at the pre-proposal conference is not
required, but is highly recommended.

Any contract(s) resulting from the proposals submitted are subject to a financial assistance
contract between COLTS and the U. S. Department of Transportation and further, any manufacturer
whose name appears on the Comptroller General's list of ineligible contractors for federally financed and
assisted projects, is not an eligible proposer.
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D)

RFP - AUTOMATIC VEHICLE LOCATOR SYSTEM (AVLS)

INTRODUCTION:

The County of Lackawanna Transit System, hereinafter referred to as (COLTS), is a public
transportation authority serving Lackawanna and part of Luzerne Counties, including the City of
Scranton and 25 boroughs and townships in Northeastern Pennsylvania. In addition, COLTS
provides service to 6 suburban and rural communities in Lackawanna County through a contract
with a private operator (Northeastern Transit, Inc.).

Applying the generally accepted industry rule which says that persons or generators within one-
quarter mile of a transit route can be considered to "have service", eighty-nine percent (89%) of
Lackawanna County residents are served by COLTS or its private subcontractor, in addition to 3
Luzerne County communities. COLTS has implemented many new policy, management, and
operational programs during recent years that have succeeded in contributing to a sound financial
base for the Authority. The bus fleet is in excellent condition. A regular and complete
maintenance program is in place; the physical plant is relatively new, having been constructed in
1979 and occupied in 1980; ongoing facility and equipment capital projects provide continued
improvements, including computerization of operations, new bus shelters, and new more
informative bus stop signs.

COLTS' Board of Directors is comprised of five members who establish policy and provide
overall direction to the Authority's transportation efforts.

The County of Lackawanna Transit System will be accepting proposals on the integration and
implementation of an Automatic Vehicle Locator Tracking System (AVLS) utilizing Global
Positioning System (GPS) technologies. The AVLS will be installed in thirty-six (36) passenger
buses.

This is a Request for Proposal. Concept, method, equipment capabilities, training, warranty and
backup support are all important parts of the proposal submission, in addition to pricing.
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1) OBJECTIVE:
The intent of the proposed acquisition is to provide COLTS with a method of determining the
location of their fixed route passenger buses in order to provide better customer service by
eliminating buses leaving pickup spots early, arriving late and improving safety for passengers
and driver in the event of an accident or disturbance.

The objective will be met upon completion of the installation of a GPS vehicle tracking system
consisting of the following:

1. In-vehicle GPS receiver units and antenna system

2. Interconnection of in-vehicle GPS receiver to customer owned two-way radio
system.

A tracking and display system, located at the dispatch center.

(U8

111 SCOPE OF WORK:

A. In-Vehicle Unit:

1. Tracks and reports accurate vehicle location using one of the following modes:
a. continuous - specified time frames
b. on request - initiated by the dispatcher
c. by exception - events departing from a schedule

- The vehicle is stopped too long.
- The vehicle is off route.
- The vehicle is outside its boundary.

2. Provide a digital data communications link between the dispatched center and the
vehicle.

3. Provides sensor input for monitoring in bus functions (such as electronic farebox;
panic switch; etc.).

4. Has the capability for future integration to a mobile data terminal.

5. In-vehicle unit should be able to accept an auxiliary tracking mechanism, such as
dead-reckoning system in addition to the MDT.
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SCOPE OF WORK - Continued

6. Operational Characteristics:

Time to Fix on GPS:
Warm Start
Cold Start
Voltage
Power

7. GPS Characteristics:

GPS Receiver

GPS Antenna

8. Accuracy:

Position
Velocity

9. Environmental Characteristics:

Operating Temperature
Humidity

Altitude
Package

Communications Link:

* 30 seconds

* 75 seconds

*12o0r24

* 6 watts .45 amps at 12 volts

* 5 discrete channels
* 4 channels for tracking satellites, 1
channel for acquiring ephemeris

* Preamplified patch in ruggedized housing

* <30 meter corrected
*0.15 knot RMS

*-10 +70 degrees C

* Up to 95% non-condensing at 38 degrees
C

*-400 to +20,000 ft.

* Splash-proof

This will be a customer supplied UHF Half Duplex two-way radio system. The base station will be
remotely located and controlled via Lease Phone lines at the Dispatch Center. The base station
GPS receiver can be located at either site (preferably at the Dispatch Center).
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SCOPE OF WORK - Continued

C. Dispatch Center Console:

The AVL Dispatch Center console will be comprised of computer(s) and monitor(s) with mapping
software (for Lackawanna and Luzerne Counties) and system software.

The computer system should be designed using the latest in available equipment and processing
speed (i.e., 486/33mhz or better) as well as but not limited to:

- I/O card with serial/parallel/IDE control
~ - 200MB hard disk

- 3.5 floppy drive

- 120OMB tape backup drive

- enhanced keyboard

- trackball/mouse

- printer

- printer cable

- VGA/SVGA monitors

The system should have the ability of receiving messages from the vehicles and be able
to map the locations of vehicles simultaneously.

It should be able to receive locations of vehicles at a rate of one (1) per minute for a
fleet of 30 - 40 vehicles.

The accuracy should typically be to within 30 meters and velocity to within .1 MPH.
The location of vehicles should be able to be displayed on one or more displays from
one computer. ,

All vehicles in a particular area should be able to be viewed at any zoom range and one
or more vehicles should be able to be viewed on a display wherever they go with the
zoom range changing dynamically to keep all assigned vehicles in view.

The mapping displays should be able to be manipulated from a menu by use of a
"mouse” with such functions as:

* zoom

* magnify

* Jocate street

* locate address range :
* locate a point by address and place an icon on the location
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SCOPE OF WORK - Continued

* move orientation of the display either North, South, East or West, either by
50% or 100%
center the map on the display based on a point designated by "cross-hairs"
* select one or more vehicles to be isolated on one display

- The range at which street, street names, principal highways and interstate highways are
displayed should be able to be altered easily from a menu.

- There should be the ability to create boundary files consisting of locations of certain
addressed, pick-up locations, service centers, etc., to be displayed on an optional basis
by boundary file by display.

- A communications computer should be able to receive messages from one or more base
station radio controllers.

- A communications computer should be attached to a base station GPS receiver which
can be used to correct inaccuracies from vehicle locations based on the known location
of the base station GPS receiver.

- A communications computer should be able to change parameters in the in-vehicle
microprocessor, such as frequency of update, excessive speed indicator and extended
stop indicator, etc.

If your system used one computer for all functions (mapping and communications) or multiple
computers, please indicate and describe the workings in your response.

D. Documentation:
Bidders will supply COLTS with the following:
a. Technical manuals on - GPS receiver

- Base station GPS receiver
- Dead reckoning equipment (if recommended)

Appendix D: Request for Proposals



SCOPE OF WORK - Continued

b.  Warranty information on each component of the system -terms and conditions of the
Warranty.
c. Service contract availability with pricing and terms and conditions.

d.  Unit pricing for spare units (GPS in vehicle units) with price validity good for 120 days from
system acceptance.

e.  GPS in-vehicle unit swap out procedure in event of unit failure.

f. Technical support available to COLTS and/or their designated service facility (phone or on-
site visit).

E. Services to be Provided

The successful vendor will provide the following services:

1. Installation instruction and guidance GPS in vehicle unit for the first day (at customer location) -
unless vendor intends to perform the entire installation.

2. Final inspection of bus installations with written acceptance that the units were properly installed.
If installation does not meet acceptance - vendor will provide a checklist of changes to be made by
the installation crew (if vendor has not provided complete installation).

3. Training in use of the new system.

a.  System familiarization class for administration and supervisory personnel, including
such topics as communications architecture, voice/data transmissions, dispatcher
operations, schedule/map maintenance and use of vehicle operator equipment.

b.  Console operators class - for dispatchers responsible for day-to-day operations,
including specific issues such as console layout, displays and indicators, map
manipulation, schedule adherence, dispatch functions, etc.
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IV. PROPOSAL REQUIREMENTS:

A.  Five (5) copies of the proposals shall be received no later than 11:00 AM E.D.T., May 17,
1993, and should be addressed to:

Mr. Kurt Kempter

Director of Development

County of Lackawanna Transit System
North South Road

Scranton, PA 18504

Envelopes should be clearly marked "Automatic Vehicle Locator System Proposal".

B. A fixed fee contract is anticipated. Proposals should be brief, but concise and include:

1.

(U8

Firm name, business address, telephone number and name of contact person.
Description of the firm, including firm's history, size and specialty area, if any.

Examples of specific projects the firm has completed within the past five years that
closely resemble that proposed. :

A description of the proposed technical approach to the project utilizing the scope of
work in Section III as a base. This portion of the proposal shall be specific and detailed
enough to illustrate that the firm has knowledge of the necessary and appropriate tasks
required for this project.

An organization chart and brief resume of the individuals assigned to the project and
their specific experience, similar to the one proposed.

A description of the firm's current workload and the firm's capacity to meet the
proposed work schedule.
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PROPOSAL REQUIREMENTS - Continued

7.

10.

11.

12.

14.

A description of work to be performed outside of the firm, including a list of
subcontractors and consultants, a description of work to be performed and a
description of the subcontractor and/or consultant's qualifications. DBE participation
and its extent should be documented.

A preliminary cost proposal shall be included showing separate costs for each phase
outlined in the scope of work. Each phase shall show a detailed breakdown of number
of hours projected for each element of the project and the project personnel who~will
perform the work.

Certification must be made by the firm and its subcontractors and consultants that they
are not on the Comptroller General's list of ineligible bidders. (Attachment E)

Certification must be made of nondiscrimination by the submitting of the "Standard"
Commonwealth of Pennsylvania Nondiscrimination clause. (Attachment F)

Certification of Non-Collusion must be made.

Certification regarding debarment, suspension, and other responsibility matters must
be made (Attachment I)

A Buy America Certificate that must be executed. (Attachment G)
The proposal must be signed by an official authorized to bind the offer, and it shall

contain a statement to the effect that the proposal is firm for a period of at lease sixty
(60) days from the closing date for submission of proposals.
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V) GENERAL PROVISIONS:

A.

Schedule:

COLTS will require all work herein outlined to be completed by the Contractor within
ninety (90) days after signing the Contract, which will constitute a notice to proceed.

Liquidated damages equal to one-half of one percent (.005) per day of the total contract
price, excluding Saturdays, Sundays and holidays, will be assessed for each day beyond the
ninety day period scheduled for Contract completion. A completion date after this deadline
will be subject to approval of COLTS' Authority.

Meetings:

1. Consultation with COLTS' Consultant and staff: Throughout the Contract installation
and implementation period COLTS will require updates and general informational
meetings regarding project implementation, including any unforseen problems or
delays.

A minimum of two (2) informational meetings will be held.

Contract and Compensation Method:

Following selection of the Contractor, a formal Contract for installation of the Automatic
Vehicle Locator System (AVLS) will be negotiated. The Contract will be a fixed fee

Contract.

This project is being funded with 80% Federal funds (FTA) and 20% State and local funds
(PaDOT and Lackawanna County).

Exceptions:

Exceptions to the terms and conditions of this RFP must be set forth under the proposer's
letter of transmittal in order to warrant consideration by the Selection Committee.

This Request for Proposal does not commit COLTS to pay any costs incurred in the
preparation of a response to this request, or to procure contract for services.

Appendix D: Request for Proposals



GENERAL PROVISIONS - Continued

F.  The Contractor will begin work upon sagging the Contract. The ability of the Contractor to
complete the -installation of the Automatic Vehicle Locator System (AVLS) b: the end of
the ninety (90) day period will be a major factor in Proposal selection.

VI) EVALUATION AND SELECTION:

A.  Process for Selection

1.

Written proposals will be evaluated on the basis of the evaluation criteria shown in
Section B.

Based on scores and rankings, two to four firms will be selected to be interviewed.
Oral presentations will be evaluated on the basis of criteria shown below, in addition
to the quality of the presentations and responses to questions from Selection

Committee members.

If suitable proposals are receiver, negotiations with the highest ranked firm will be
pursued, leading to the award of the Contract.

Negotiations may be opened with the next highest ranked firm until the Contract is

awarder or COLTS elects to reinitiate the selection process.

COLTS reserves the right to reject any and all proposals and to negotiate separately
with any firm in a manner deemed appropriate to serve the best interest of COLTS.

B. Evaluation Criteria

1.

2.

Technical approach to the AVLS demonstrating an understanding of the project.

Past performance in AVLS installation and implementation projects.
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GENERAL PROVISIONS - Continued

3.

Specialized experience and technical competence of firm(s) and key personnel in
connection with the project.

Proposed project management and the firm's capability to complete the project within
the indicated time schedule.

Management and capabilities of any subcontractors to be involved in the project.
Team composition and level of commitment and responsibilities of key personnel.

Overall costs and how they equate to the proposed level of effort.
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