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Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway admin-
istrators and engineers. Often, highway problems are of local inter-
est and can best be studied by highway departments individudly
or in cooperation with their state universities and others. However,
the accelerating growth of highway transportation develops in-
creasingly complex problems of wide interest to highway authori-
ties. These problems are best studied through a coordinated pro-
gram of cooperative research.

In recognition of these needs, the highway administrators of
the American Association of State Highway and Transportation
Officials initiated in 1962 an objective nationa highway research
program employing modem scientific techniques. This program is
supported on a continuing basis by funds from participating mem-
ber states of the Association and it receives the full cooperation
and support of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the re-
search program because of the Board' s recognized objectivity and
understanding of modem research practices. The Board is uniquely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federd, state, and local governmental agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of speciadists in highway transportation
matters to bring the findings of research directly to those who are
in a position to use them.

The program is developed on the basis of research needs identi-
fied by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials. Re-
search projects to fulfill these needs are defined by the Board,
and qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the Nationa
Cooperative Highway Research Program can make significant con-
tributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program, how-
ever, is intended to complement rather than to substitute for or
duplicate other highway research programs.

NOTE: The Transportation Research Board,the Nationd Research Council,
the Federal Highway Administration, the American Association of State High-
way and Transportation Officials, and the individual states participating in the
National Cooperative Highway Research Program do not endorse products or
manufacturers. Trade or manufacturers names appear herein solely because
they are considered essential to the object of this report.
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PREFACE

FOREWORD

By Saff
Transportation
Research Board

A vast storehouse of information exists on nearly every subject of concern to highway
administrators and engineers. Much of this information has resulted from both research
and the successful application of solutions to the problems faced by practitioners in their
daily work. Because previously there has been no systematic means for compiling such
useful information and making it available to the entire highway community, the American
Association of State Highway and Transportation Officials has, through the mechanism
of the National Cooperative Highway Research Program, authorized the Transportation
Research Board to undertake a continuing project to search out and synthesize useful
knowledge from all available sources and to prepare documented reports on current
practices in the subject areas of concern.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in handbooks or
design manuals. Nonetheless, these documents can serve similar purposes, for each is a
compendium of the best knowledge available on those measures found to be the most
successful in resolving specific problems. The extent to which these reports are useful
will be tempered by the user’s knowledge and experience in the particular problem area.

This synthesis on Electronic Toll and Traffic Management (ETTM) systems will be of
interest to officials of toll authorities, traffic engineers, design engineers, law enforcement
officias, financial personnel, developers and vendors of electronic vehicle identification
and toll collection equipment, and others responsible for the design and operation of toll
facilities. The technology, including examples of applications of several current ETTM
systems, is described in this synthesis. Because the technology is in the early stages of
implementation, there is little experience with the “TM” (traffic management) aspects of
ETTM; however, the potentia for traffic management systems is discussed.

Administrators, engineers, and researchers are continually faced with highway problems
on which much information exists, either in the form of reports or in terms of undocu-
mented experience and practice. Unfortunately, this information often is scattered and
unevaluated, and, as a consequence, in seeking solutions, full information on what has
been learned about a problem frequently is not assembled. Costly research findings may
go unused, valuable experience may be overlooked, and full consideration may not be
given to available practices for solving or aleviating the problem. In an effort to correct
this situation, a continuing NCHRP project, carried out by the Transportation Research
Board as the research agency, has the objective of reporting on common highway problems
and synthesizing available information. The synthesis reports from this endeavor constitute
an NCHRP publication series in which various forms of relevant information are assem-
bled into single, concise documents pertaining to specific highway problems or sets of
closely related problems.

Various electronic toll collection (ETC) and automatic vehicle identification (AVI)
systems, their characteristics, advantages/disadvantages, payment options, and perfor-



mance experience are described. The computer requirements and relative costs of various
applications are also discussed. This report of the Transportation Research Board presents
information on specific system design and operational considerations, as well as on the
more sensitive issues of enforcement, privacy, and equity in providing these advanced
systems. This technology is changing rapidly, and the synthesis presents a “snapshot” of
the industry at the time of its preparation.

To develop this synthesis in a comprehensive manner and to ensure inclusion of signifi-
cant knowledge, the Board analyzed available information assembled from numerous
sources, including a large number of state highway and transportation departments. A
topic panel of experts in the subject area was established to guide the researcher in
organizing and evaluating the collected data, and to review the final synthesis report.

This synthesis is an immediately useful document that records practices that were
acceptable within the limitations of the knowledge available at the time of its preparation.
As the processes of advancement continue, new knowledge can be expected to be added
to that now at hand.
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SUMMARY

ELECTRONIC TOLL AND TRAFFIC
MANAGEMENT (ETTM) SYSTEMS

Electronic toll collection and traffic management (ETTM) systems are not a futuristic
dream, they are operating or are being tested today in locations across the United States
and around the world. ETTM systems equip vehicles with electronic tags (or transponders)
that communicate with roadside sensors to provide automatic vehicle identification that
allows for toll collection at the toll booth, and general vehicle monitoring and data
gathering beyond the toll plaza. The information in this synthesis may be expected to
become outdated as the electronic toll collection industry is changing rapidly. However,
this synthesis has been prepared to share general information regarding ETTM systems
to inform the evaluation and decision-making processes.

ETTM systems have the potential to reduce congestion, improve safety, energy effi-
ciency, and air quality, and enhance economic productivity at a cost significantly less
than additional road construction. Automation of toll collection can reduce congestion at
toll plazas. ETTM systems can also assist in the rapid detection and clearing of accidents,
which can result in reduced congestion and secondary collisions. By providing real-time
traffic information to travelers, ETTM can help travelers to avoid congestion by allowing
them to delay their trips, choose aternative modes of travel, or bypass congested routes
altogether. ETTM also provides the capacity to implement demand management systems
based on road pricing.

Several major ETTM implementation issues should be carefully considered during the
evaluation and decision-making processes. Several technologies exist that differ according
to the operating frequency, the method by which the signal is modulated, and whether
the vehicle tag, or transponder, simply reflects or generates electromagnetic signals. There
are operational trade-offs with each technology, but very few field performance evaluation
data are available. ETTM system design must consider factors affecting accuracy and
reliability, such as the possibility of electrical interference, the ability to recognize vehicles
with metal oxide windshields, and the transponder installation. Several patron payment
options and agency financing/operating alternatives exist; each offers distinct advantages
and disadvantages to both user and agency.

ETTM perception surveys (for existing and potential users) have not been widely
conducted. ETTM generally has received favorable comments, but further user perception
surveys would be useful in identifying the market potential, most effective marketing
strategies, and most acceptable and desirable technology features. Also, as might be
expected, legalities of ETTM operation are also being challenged. Legal issues sur-
rounding the operation of ETTM systems primarily focus on enforcement techniques and
related privacy concerns. Several states are in the process of passing legislation that would
permit photographic enforcement as a means of monitoring and addressing violators.



There are al'so a number of other legal issues that could affect ETTM deployment, such as
product liability, antitrust, procurement, and intellectual property rights.

Over the past decade, a technological revolution in transportation and information has
begun to transform individual mobility into an integrated, coordinated system by
providing more efficient travel choices. ETTM can contribute to completely modernizing
how we drive and how we make decisions during our travels. For the transportation
industry, advancements in computer and information technologies have arrived just when
they are most desperately needed.



CHAPTER ONE

INTRODUCTION

A car passes through a toll plaza without coming to a stop. A
tag installed on the car by the driver communicates with a computer
located at the toll booth. The computer identifies the account asso-
ciated with the tag and deducts the amount of the toll from the
account balance. Two months earlier, the driver went to atag store
and prepaid a few months worth of tolls with a credit card. The
patron could have paid for the tag in cash to ensure privacy, but
decided that using credit was the more convenient option. At the
toll booth, the long lines of patrons waiting to pay tolls have
disappeared. The toll agency’s revenue collection process is more
efficient and more secure, and the detailed information about pa-
tron’s travel patterns has enabled the agency to try more experi-
mental pricing policies, such as time-of-day flexible fares and
discounts for carpools.

The scenario described above is not a futuristic dream. It de-
scribes electronic toll collection (ETC) projects operating today in
the United States and around the world. In Dallas, New Orleans,
Denver, and throughout the Oklahoma Turnpike system, agencies
have implemented high-tech toll collection systems that have re-
duced congestion and improved the efficiency of revenue collec-
tion. Automatic vehicle identification (AVI) is the technology that
makes these systems possible. AVI works by using wireless com-
munications between a tag (transponder) mounted on a vehicle
and a sensor located at the roadside. The vehicle can be a car,
truck, or rail car. Sensors can read the information while the vehicle
is stopped or whileit is moving a high speeds. The communication
between the tag and sensor can be one-way (read-only) or two-
way (read/write). AVI can be used for a variety of purposes in
addition to the collection of tolls. Transponders can be mounted
on trucks to eiminate the need to stop at state and national border
crossings, or on buses and taxis for more efficient fleet
management.

Electronic toll collection and traffic management (ETTM) ex-
pands on AVI and ETC concepts by using communications be-
tween vehicle and roadside to provide a full range of traffic man-
agement functions. For example, vehicles passing through toll
plazas can act as probes within the traffic network. The time it
takes one vehicle to travel between the entrance and exit of the
toll road can give traffic operators information about the level of
congestion on that road. The more detailed information available
to toll authorities can aso be used by traffic engineers to respond
to changing travel patterns. New pricing policies, made easier by
the computers and tags, can be used to affect travel demand.

The interrelationship among AVI, ETC, and ETTM can be ex-
plained as follows. AVI involves wireless communication between
transponder-mounted vehicles and roadside, overhead, or in-pave-
ment sensors. ETC is the use of AV technology for more efficient
collection of tolls, without any action required by the driver or
toll collector. ETC is considered to be the “foundation” for an
ETTM system. ETTM uses AVI technology not only for toll col-
lection, but for more broad-based traffic management purposes.

For example, the transponder mounted on a vehicle for eectronic
toll collection can be used to track vehicle location and monitor
travel time in rea-time outside of the toll plaza environment. All
ETTM systems would include a component of eectronic toll col-
lection, but not al traffic management systems include a compo-
nent of electronic toll collection. While it is recognized that por-
tions of the information contained in this synthesis will soon
become outdated, the purpose of this synthesis is to outline the
issues that a toll agency should consider when implementing ETC.

PURPOSE AND OVERVIEW

Electronic toll and traffic management systems are being evalu-
ated and implemented throughout North America and abroad. De-
spite this broad interest, there are no fully integrated E'ITM sys
tems in operation at this writing. ETTM is the term used widely
by both toll industry vendors and agencies basicdly to give cre-
dence to the potential for eectronic toll collection systems to be
integrated into more broad-based traffic management systems. This
report represents more of a synthesis of dectronic toll (the “ET”
part of E'ITM) collection, and basic background on traffic manage-
ment (the “TM” part of ETTM) systems. ETTM s perceived as
synonymous with ETC by the intended audience of this synthesis.
Please note that a glossary of abbreviations is included in Appen-
dix A.

Because transportation agencies are in various stages of ETTM
implementation, a synthesis of emerging technologies and applica-
tions is of interest to many transportation providers. This report
has been prepared for the primary purpose of sharing general infor-
mation regarding ETTM systems so that the evaluation and deci-
sion-making process may be more informed and productive. Infor-
mation for this synthesis was derived from available literature and
surveys of operating systems, toll industry vendors, and
consultants.

The synthesis discusses toll collection and traffic management
system aspects of ETTM including:

. Therole of ETTM in transportation,

. Alternative technologies,

. System design considerations,

« Ingtitutional and implementation issues (including privacy,
legal, and equity issues),

. Traffic management applications of E'ITM (including com-
mercial vehicle operations and bus/fleet management), incident
detection and management, traffic flow and special event manage-
ment, and traveler information services,

« A brief summary of the mgjor E'ITM projects,

. Results of surveys of both vendors and toll agencies con-
ducted for this synthesis and surveys by the International Bridge,
Tunnel and Turnpike Association (IBTTA), and



FIGURE 1 Congestion on Florida Turnpike.

« Future directions for ETTM systems, report conclusions, and
an ETTM bibliography.

ROLE OF ETTM IN TRANSPORTATION

Many of the nation’s roads are well below acceptable levels of
service, and the mobility we all expect is being threstened. Conges-
tion like that shown in Figure 1 continues to increase, while the
option of building more roads is becoming financially and environ-
mentaly unredistic. There is no single answer to the set of com-
plex transportation problems that confront us. However, ETTM
systems have the potential to reduce congestion, improve safety,
energy efficiency, and air quality, and enhance economic produc-
tivity, at a cost significantly less than additional road construction
(2). ETTM systems are not a distant vision. Many existing systems,

products, and services are being tested and will be implemented
soon.

Fully operationa ETTM systems can help reduce street and
highway congestion in a number of ways. Automated toll collec-
tion can reduce nonrecurring congestion around toll plazas. Rapid
detection and clearing of incidents will reduce congestion and
the secondary collisions that frequently result. Enhanced public
transportation systems can reduce the number of single-occupant
vehicles. Red-time dynamic traffic control systems can adapt to
traffic conditions autometically. Information provided to travelers
will permit many to avoid congestion by alowing them to delay
their trips, choose aternative modes of travel, or bypass congested
routes atogether.

ETTM systems can aso provide vauable information to drivers,
offering the potentia for improvements in traffic safety. Advanced
traffic control systems can reduce the number of vehicle stops,
minimize the variations in vehicle speeds, improve traffic flow,
and consequently reduce the number of accidents. Reducing con-
gestion and the number of single-occupant vehicles will increase
the energy efficiency of the transportation system. Emissions will
be reduced by smoother traffic flow and a greater usage of public
transportation and ridesharing. ETTM also provides the capability
to implement demand management systems based on road pricing
to shift or limit travel demand. Severa airports in the United States
(Los Angeles International, Minnespolis, Pittsburgh, and Miami
International) are also using AVI technology for collecting
“ impact/congestion fees.”

Finaly, the importance of efficient transportation to the nation’s
economic health cannot be overstated. Because nearly al economic
activity uses transportation directly or indirectly, improving the
efficiency of our transportation system will boost economic pro-
ductivity. For example, operators of many commercial and public-
sector fleets will reglize a variety of economic benefits, such as
more efficiently routing vehicles and eliminating the need to stop
at roadside weigh stetions.



CHAPTER TWO

TECHNOLOGIES

CHARACTERISTICS OF AVAILABLE
TECHNOLOGIES

All present automatic vehicle identification (AVI) technologies
operate by (1) intercepting modulated electromagnetic radiation
from a vehicle, (2) recovering the information contained in the
signal, and (3) using a computer to identify the tag from a database.
While dl AVI technologies perform these tasks, the differences
he in the ways that these tasks are accomplished. For example,
the relatively rapid evolution of AVI transponders used for E'ITM
has progressed from a Type | transponder that can only be “ read”
(or reflect a unique vehicle identification when interrogated), to a
Type Il transponder that can be“ read” from, aswell as*“ written” to,
in order to store and update unique variable data such as entry/exit
locations, account balance, vehicle maintenance/inspection reports,
and other information. In the near future, Type Il transponders
will also have the capability to interact and communicate with the
driver (2).

Technologies may be divided according to the frequency of
the electromagnetic radiation, the method by which the signd is
modulated (tuned or adjusted), and whether the vehicle tag gener-
ates or smply reflects electromagnetic radiation. There are three
frequency ranges in use: (1) very low frequencies (below 200kHz),
which are employed in inductively coupled systems; (2) micro-
wave frequencies (500 to 3,000 MHz); and (3) optica or near-
optical frequencies (30 GHz to 1,000 GHz), which include infrared.

Inductive Loop Systems

The only AVI technology that employs very low frequencies is
the inductively coupled system, which uses a loop antenna embed-
ded beneath the surface of the roadway to communicate with a
tag mounted on the underside of the vehicle. The roadway antenna
sends out an interrogation signal and the tag responds by returning
a sgnd containing data stored in the tag. This is normally an
active (as opposed to a passive) system since the tag normally
transmits its own signa (rather than reflecting the interrogation
signal). This is the earliest of the AVI technologies.

Optical Systems

Two basic types of AVI technologies employ optical or near-
optical frequencies to identify vehicles. The first is a system that
reads license plates directly and identifies the vehicle from a data
base. As the vehicle passes the tollbooth, a video camera forms
an image which is digitized and processed to extract the license
plate number. Typically, the image processing can take nearly one
second so that multiple reads to improve reliability are not possible.
The second type of optica or near-optica system employs a vehi-
cle tag that is smply a bar code. A laser scans continuously over

the area where the tag is expected to be and the reflected signal
is processed to extract the code. This image processing is much
smpler than trying to read a license plate, since the reflected
laser signal represents a one-dimensional image, whereas the video
image of the license plate must be processed in two dimensions.

Active RF/Microwave Systems

Active radio frequency (RF) AVI systems employ microwave
frequencies to communicate to and from the vehicle. All active
RF systems have high data rates that allow multiple transmissions
(redundancy), resulting in increased reliability. These transmis-
sions are commonly known as “ handshakes’ in the industry. These
systems may be divided into those in which the tag generates its
own microwave signal (active tag) and those in which the tag
simply reflects the microwave signd that it receives (passive tag).
Active tags require a power source (battery or connection to vehicle
power) while passive tags may or may not require a power source.
In an active 