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To my family—all the generations



Preface

“Individuals in every generation, at least since the birth of the Industrial
Revolution, have thought they were watching the most rapid changes ever
seen in history. They have all been correct.”

—Robert Bruegmann
Preparing for the Urban Future

Since 1988 I have had the good fortune of being heavily involved in the
Intelligent Transportation Systems (ITS) program in the United States and abroad.
I began as a founding member of Mobility 2000, the predecessor organization to
ITS America. In 1991-92, while on sabbatical from MIT, I had the exceptional
experience of participating in the definition of ITS through the development of the
Strategic Plan at ITS America, entitled “A Strategic Plan for IVHS in the United
States” . I served thereafter on the Coordinating Council of ITS America, and from
1995 to 2001 as a member of the Board of Directors of that organization. My
service on the ITS Committee of the Transportation Research Board has been
important to my ITS maturation. So through those activities, research and teaching
at MIT, and various consulting assignments, ITS has been an important part of my
professional life for quite a while.

Through that involvement, my view of I'TS has evolved. Initially my perspec-
tive was that ITS was of crucial importance for the surface transportation field,
providing as it does, capacity through advanced technology rather than additional
conventional infrastructure. But over the years I have come to view ITS more
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broadly. It can be a lens through which to view other important issues related to the
transportation field and even the world beyond. This book takes both perspectives.
Section I introduces ITS through an article of mine, “ITS: A Short History and a
Perspective on the Future”. This represents my early view: ITS as a surface
transportation efficiency and effectiveness program. However, near the end of that
article, we begin to consider the strategic changes ITS has created.

Sections II and III then consider the broader view. In Section II we consider
ITS as a motivator and enabler of organizational change. This includes evolving
relationships between various levels of government, as part of our expanded
definition of infrastructure—the transportation/information infrastructure—and
as a mechanism to develop effective regional transportation systems. In Section
III we view ITS in its role as a change agent for the transportation profession and
for transportation education.

Section IV takes a different tack. For five years I wrote a column for the I7S
Quarterly, each about 800 words in length. They were intended to capture the
essence of a timely ITS-related issue. By looking at those columns in their
entirety, perhaps the reader can get a sense of evolving questions in the field, at
least as seen by one observer. These columns cover questions such as how one
teaches ITS, safety implications, the role of ITS in the 21st century, and ITS and
megacities in developing countries. They represent quick probes into ITS, each at
a particular point in time. Most, if not all, of the issues persist to the current day.

Section V brings us to the present and looks into the future. In 2000 I worked
with the Joint Program Office (JPO) of the United States Department of Transpor-
tation (U.S. DOT) on a volume entitled “What Have We Learned About Intel-
ligent Transportation Systems?”” I was charged with synthesizing the findings of
seven groups of researchers assigned to describe the state-of-the-art in ITS de-
ployment in various areas. Section V captures my contribution to that effort, an
overall summary of the work of my co-workers on this project, and some over-
arching final conclusions about what we face in the future in the ITS field. Section
V also contains an article of mine dealing with important transitions in the
transportation field, many enabled or even required by ITS, and a retrospective
article on the 1991/92 ITS Strategic Plan considering what we have learned since
that time.

So what this book tries to do is present the fundamentals of ITS, and consider
how ITS has changed the world of transportation beyond the transportation
effectiveness and efficiency changes that it promises (and often—but not
always—produces). We examine where we are today and the challenge of tomor-
row as the program moves into its next stages.

The alert reader will no doubt notice a modest amount of material repeated in
several papers. To keep each paper complete in and of itself, I elected not to
remove these duplications or to refer the reader to a section of another paper,
feeling that would interrupt the flow. [ hope the reader will agree with this editorial
judgment.
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ITS is part of the transportation system, which is a Complex, Large-Scale,
Integrated, Open System (CLIOS), as described in my text futroduction to Trans-
portation Systems (Artech House, Boston and London, 2000), and as discussed in
“Transitions in the World of Transportation” (Transportation Quarterly, Vol. 56,
No. 1, Winter 2002, Eno Transportation Foundation, Washington, DC, 2002)
included in this volume. Transportation, as a CLIOS with a critical technological
component, qualifies as an “engineering system”, which implies that for its
effective use, we need to go beyond the technology, and understand transportation
and ITS on political, social, institutional, organizational and economic dimensions
as well. That is not to downplay the technology—it is fundamental to transporta-
tion and ITS; technology enables both. But we do need to understand ITS in a
more comprehensive way—on the dimensions of technology, systems and
institutions—if we are to accomplish effective deployment and continued ad-
vances. I hope that this book is a step toward this broader understanding.



Acknowledgments

Over the past 16 years, I have had a number of rich experiences in the ITS
world, all of which have contributed to this book. My seminal experience was
participating in the development of the I'TS (then IVHS) Strategic Plan while on
sabbatical from MIT in 1991-92. It was at the invitation of Dr. James Costantino,
then (founding) President of ITS America, that I had that opportunity. I will
always be grateful to Jim for the career-altering opportunity he gave me. Jim,
Thomas Deen, then Executive Director of the Transportation Research Board
(TRB), Lyle Saxton, then of FHWA, and William Spreitzer of General Motors,
served as the review panel for that strategic plan. Tom Deen also chaired the
Strategic Planning Committee in those early days. All have been major figures in
the development of ITS, and in my development as well.

My partners on the core writing team for the strategic plan, with their
respective affiliations at the time, were Jonathan Arlook, Navigation Technologies
Corporation; Edward Greene, Electronics Division of the Ford Motor Companys;
Craig Roberts, IVHS America; and Michael Sheldrick, Etak, Inc. They contrib-
uted to a great professional experience for me.

I would like to acknowledge the Transportation Research Board, ITS Amer-
ica and the Eno Foundation for permitting the reprinting of articles in this book.
Their positive attitude toward the compilation of this volume was very gratifying
to me.

Several public officials deserve special acknowledgment. Dr. Christine John-
son, long-time head of the Joint Program Office at FHWA (1994-2002), has been
continuously supportive of my work in ITS.



xii Acknowledgments

Matthew Edelman, whom I have known since his student days at MIT in the
early 1970s, and now Executive Director of TRANSCOM, has been an astute
critic of much of my ITS work and a major contributor to the field in his own right.

Since 1993 I have taught a class called Introduction to Intelligent Transporta-
tion Systems (ITS) here at MIT. Let me acknowledge the students in those classes
who, through their incisive questioning, helped shape my views on ITS; students
made suggestions for some of the columns contained in this book.

My professional career has been enriched by people at MIT and elsewhere
too numerous to mention. I appreciate all the help I had along the way.

As with my earlier book, I owe a huge debt of gratitude to Jan Austin Scott.
She worked with me over the years in first developing the papers on which this
book is based, and then in compiling them into a coherent whole. Her language
sense and her good taste greatly improved the text. Her efforts were vital in this
enterprise.

My graduate students, Sgouris Sgouridis and Travis Dunn, were very helpful
in the final preparation and checking of this manuscript.

While this book has been improved by the comments of many of my
colleagues, any errors or lack of clarity is the fault and responsibility of the author.



Contents

I. Introduction to Intelligent Transportation Systems (ITS) ..........

II.

I1I.

1. ITS: A Short History and a Perspective on the Future .........
ITS Organizational Issues, Regionalism and the Transportation/
Information Infrastructure ........... ... ... .. .. . ...

1. Transportation Operations: An Organizational and Institutional
Perspective . ... ...

2. Deploying the Transportation/Information Infrastructure . ......
3. ITS Deployment and the “Competitive Region™ .............
ITS: Implications for the Transportation Profession and

Transportation Education ............ ... .. .. ... .. ... .. .....
1. Educating the “New Transportation Professional” ............

2. The New Transportation Faculty: The Evolution to Engineering
SYSIEIMS .o

19

21
75
83



xiv

Contents

IV. “Thoughts on ITS”, ITS Quarterly: Five Years of Columns on ITS
ISSUES o

1.

A T o

10.

13.
14.

Beyond Technology—Local Organizational Readiness for ITS
Deployment .. ... i e

Co-Opetition: A Framework for Analyzing ITS Relationships

Teaching about ITS—A Moving Target ...................
ITS and Safety: A Worst Case Scenario ...................
AHS, ITS and AWareness . ..........ouviiiiiiiinnnns
The ITS Role at the Millennium .........................

ITS and the Federal Transportation Science and Technology
Sl ZY vttt e

ITS and “Rescuing Prometheus™ .........................
ITS and Congestion ...t
Regional ITS Architecture Consistency: What Should It Mean?

A Cautionary NOte . ...t i e
12.

It Happened in Boston . ........ ... .o,
Considering ITS as a Complex Adaptive System ............

Mega-Cities in Developing Countries—a Major ITS Market for
the Future ... ... .. . . .

V. Where We Are Today in ITS and Issues for the Future ..........

1.

Intelligent Transportation Systems at the Turning Point:
Preparing for Integrated, Regional and Market-Driven
Deployment .. ... i e

Transitions in the World of Transportation: A Systems View ..

ITS: What We Know Now That We Wish We Knew Then: A
Retrospective on the ITS 1992 Strategic Plan .. .............

Afterword ... e

117

119
123
127
131
135
139

143
147
151
153
157
161
163

167

171



SECTION I. INTRODUCTION TO INTELLIGENT
TRANSPORTATION SYSTEMS (ITS)

“The old order changeth, yielding place to new.”
-- Alfred, Lord Tennyson
in The Death of Arthur

Section I is introductory and contains only my article “ITS: A Short
History and a Perspective on the Future”. This article provides an intro-
duction to the fundamental concepts of ITS, its implications for surface
transportation and how it contrasts with other transportation innovations and
investment programs such as the Interstate system. It lays out the institu-
tional issues central to ITS deployment and an initial strategic vision for ITS.

The strategic vision for ITS, then, is as the integrator
of transportation, communications and intermodalism on

a regional scale.

For additional articles relating to this theme, also see Section V-3.



I. 1. ITS: A SHORT HISTORY AND A
PERSPECTIVE ON THE FUTURE!

1. INTRODUCTION

An article’ on the development of Intelligent Transportation Systems
(ITS) in this 50-year anniversary of the Transportation Quarterly and the
75™ anniversary of the Eno Foundation is particularly appropriate. William
Phelps Eno can in many ways be viewed as the great-grandfather of ITS.
Eno’s work in traffic control in the early days of highway transportation set
the stage for the use of today’s modern technologies in addressing the same
issues with which he was concerned: congestion reduction and safety. I am
honored to present this paper in this noteworthy issue of Transportation
Quarterly.

This article describes the dynamic but short history of Intelligent
Transportation Systems (ITS). ITS combines high technology and
improvements in information systems, communication, sensors, and
advanced mathematical methods with the conventional world of surface
transportation infrastructure. In addition to technological and systems
issues, there are a variety of institutional issues that must be carefully
addressed. Substantial leadership will be required to implement ITS as an
integrator of transportation, communications and intermodalism on a
regional scale.

! Reprinted with permission of the Eno Foundation. Sussman, Joseph M., “ITS: A Short

History and a Perspective on the Future”, Transportation Quarterly, (Special Issue on the
occasion of the 75th Anniversary of the Eno Foundation), Eno Transportation Foundation,
Inc., Lansdowne, VA, p. 115-125, December 1996.

Parts of this article are drawn from, “Strategic Plan for IVHS in the United States”, Report
No.: IVHS-AMER-92-3, Prepared by IVHS AMERICA, May 20, 1992. The author was a
member of the core writing team that produced that document.
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2. HISTORY AND BACKGROUND

In 1986, an informal group of academics, federal and state
transportation officials, and representatives of the private sector began to
meet to discuss the future of the surface transportation system in the United
States. These meetings were motivated by several key factors.

First, the group was looking ahead to 1991 when a new federal
transportation bill was scheduled to be enacted. It was envisioned that this
1991 transportation bill would be the first one in the post-Interstate era. The
Interstate System, a $130 billion program, had been the centerpiece of the
highway program in the United States since the mid-1950s. By 1991 this
project would be largely complete. A new vision for the transportation
system in the United States needed to be developed.

While the Interstate had had a major and largely positive impact in
providing unprecedented mobility at a national level, transportation
problems remained. From the perspective of 1986, highway traffic delays
were substantial and growing. Rush-hour conditions in many metropolitan
areas often extended throughout the day. Further, safety problems
abounded, particularly highway safety.

Also, the United States was concerned with the environmental impacts of
transportation and the energy implications of various transportation policies.
Any new initiatives in the surface transportation world had to explicitly
consider environmental and energy issues.

Two more major motivations for considering the future of surface
transportation were national productivity and international competitiveness,
both closely linked to the efficiency of our transportation system. In 1986,
our major economic rivals in western Europe (Project Prometheus) and
Japan (Project AMTICS and RACS) were advancing very quickly in
developing new technologies for use in advanced surface transportation
systems. Their use of high technology concepts in the information systems
and communications areas were seen as the opportunities to revolutionize
the world of surface transportation. This would improve the competitiveness
of these nations and provide them with an important new set of industries
and markets.

Further, it was recognized that these congestion, safety, environmental
and productivity issues would have to be addressed largely by means other
than simply constructing additional conventional highways. Particularly in
urban areas, the economic, social and political costs of doing so were
becoming too high.

Thus, in 1986, this small, informal group saw before it an opportunity and
a challenge based on:

* new transportation legislation (at that time five years in the future),
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» concern for continuing transportation problems in the United States
despite major investment in the transportation system,

+ the development by our economic competitors in western Europe and
Japan of various technologies that could enhance their industry posture
and their productivity, and

« future limits on conventional highway construction, particularly in urban
areas.

The essential concept was a simple one: marry the world of high
technology and dramatic improvements with the world of conventional
surface transportation infrastructure. The technological portion would
include areas such as information systems, communications, sensors and
advanced mathematical methods. This marriage could provide capacity with
technological advances that could no longer be provided with concrete and
steel. It could improve safety through technology enhancements and better
understanding of human factors. Additionally, it would be able to provide
transportation choices and control transportation system operations through
advanced operations research and systems analysis methods.

What was envisioned and what came to be called Intelligent Vehicle
Highway Systems (IVHS) and eventually Intelligent Transportation Systems
(ITS), is but another example of the marriage of transportation and
technology as a phenomenon that has existed throughout human history. In
the early part of this century, innovation in construction and manufacturing
technologies made the current transportation system possible.

We now have the need for a new round of technological innovation,
appropriate to the transportation issues of today. For example, there are the
“ITS-4” technologies. These technologies deal with:

1. the ability to sense the presence and identity of vehicles or shipments in
real-time on the infrastructure through roadside devices or Global
Positioning Systems (GPS);

2. the ability to communicate (i.e., transmit) large amounts of information
more cheaply and reliably;

3. the ability to process large amounts of information through advanced
information technology; and

4. the ability to use this information properly and in real-time in order to
achieve better transportation network operations.

We use algorithms and mathematical methods to develop strategies for

network control. These technologies allow us to think about an infrastruc-

ture/vehicle system, rather than independent components.

The small, informal group described above became “Mobility 20007,
which produced a landmark document in 1990°, laying out a vision for ITS.

3 Proceedings of a National Workshop on Intelligent Vehicle/Highway Systems Sponsored
by Mobility 2000, Dallas, TX, 1990.
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In 1990, the need for a permanent organization became clear and IVHS
America (the Intelligent Vehicle Highway Society of America) was formed
as a federal advisory committee for the U.S. Department of Transportation.

In December 1991, the Intermodal Surface Transportation Efficiency Act
(ISTEA) became law. Its purpose was “...to develop a National Intermodal
Transportation System that is economically sound, provides the foundation
for the nation to compete in the global economy, and will move people and
goods in an energy-efficient manner.”

As was envisioned in 1986, ITS was an integral part of ISTEA, with $660
million allocated for research, development and operational tests.
Additional federal, state, local and private-sector funds were added to this
initial allocation, leading to a substantial program.

In June 1992, IVHS America produced “A Strategic Plan for Intelligent
Vehicle Highway Systems in the United States” and delivered it to the U.S.
DOT as a 20-year blueprint for ITS research, development, operational
testing and deployment.

The vision for ITS was articulated as:

* A national system that operates consistently and efficiently across the
United States to promote the safe, orderly and expeditious movement of
people and freight. Here, recognition of the need to think intermodally
and about the needs for both personal and freight mobility was explicit.

* An efficient public transportation system that interacts smoothly with
improved highway operations. The concept that ITS had to do more than
simply improve single-occupancy-vehicle level-of-service on highways is
captured here.

« A vigorous U.S. ITS industry supplying both domestic and international
needs. The plan noted that the U.S. market for ITS hardware and software
services would be on the order of $230 billion over the next 20 years.
Extrapolating this internationally, it is not unreasonable to think about a
$1 trillion international market in ITS over that time period, well worth
the effort for the private sector to pursue.

The strategic plan talked about a vision for ITS, the mission for the ITS
community, and the setting in which ITS would be deployed. It addressed
strengths, weaknesses, opportunities and threats to developing and deploying
ITS in the United States. Specific goals and objectives, as well as a formal
plan for research, development, testing and deployment were outlined in the
plan. This detailed plan included a discussion of the fundamental approach
to ITS, the research and development necessary to reach the deployment
stage, systems integration, and estimates of funding needed for the program.

The plan focused on three facets: First, fechnology, the development and
integration of technologies that would allow ITS to proceed. Second,
systems, the integration of technologies into systems for operating ITS.
Third, institutions, the challenges that face the ['TS community in developing
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the public-private partnership and the government interactions that would
have to be developed at various levels. This third facet also addressed the
educational challenge that the community faces and the organizational
changes that would be necessary to have success in the ITS theater. It was
recognized that while technology and systems were important issues in the
development of ITS, the many institutional and organizational issues would
be as complex and as difficult.

In the Strategic Plan, the recognition of the transportation/ information
infrastructure was an important conceptual breakthrough. In other words, it
accepted an intermingling of the new technologies in computers, communi-
cations and sensors, with conventional infrastructure to create something
wholly new in the world of transportation. In thinking about the develop-
ment of this concept, it is helpful to use a construct developed by one of the
seminal thinkers in management, Peter Drucker. He talks about three revo-
lutions that have occurred in the last 200 years: the industrial revolution, the
productivity revolution and the management revolution. In the industrial
revolution, roughly 200 years ago, new technology replaced manpower with
machine power, with extraordinary improvements in capacity.

About 100 years ago, we experienced the productivity revolution. This
involved applying knowledge to work. It included such concepts as the
assembly line and ideas in scientific management developed by Frederick
Taylor. This productivity revolution has given rise to extraordinary im-
provements in productivity (about 4.5% annually over a long time period)
and great improvements in quality of life. However, Drucker argues that this
revolution is largely over. It applies mainly to improving the productivity of
manual workers, who, in the developed world of 1950, represented about
half the workers. In 1990, only about 20% of the workers, and in 2010,
perhaps 10% of the workers are, or will be, manual laborers. There is only
modest leverage left here.

Drucker argues that what is needed is a new revolution he calls the
management revolution which is the idea of applying knowledge not to work
but fo knowledge. This will allow us to greatly enhance the productivity of
non-manual workers. It can also be a mechanism for creating wealth and
quality of life at a level we have been unable to achieve through the
industrial and productivity revolutions over the last 200 years.

ITS is part of this management revolution. A systemic approach linking
vehicles and infrastructure is something fundamentally new in transpor-
tation.

It is convenient to think of ITS in terms of six areas: Advanced Traffic
Management Systems (ATMS), Advanced Traveler Information Systems
(ATIS), Advanced Vehicle Control Systems (AVCS), Commercial Vehicle
Operations (CVO), Advanced Public Transportation Systems (APTS), and
Advanced Rural Transportation Systems (ARTS).
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3. FUNCTIONAL AREAS IN ITS

3.1 Advanced Traffic Management Systems (ATMS)

ATMS will integrate the management of various roadway functions.
It will predict traffic congestion and provide alternative routing instructions
to vehicles over regional areas to improve the efficiency of the highway
network and maintain priorities for high-occupancy vehicles. Real-time data
will be collected, utilized and disseminated by ATMS and will further alert
transit operators of alternative routes to improve transit operations.
Dynamic traffic control systems will respond in real-time to changing
conditions across different jurisdictions (i.e., by routing drivers around
accidents). Incident detection will be a critical function in reducing
congestion on the nation’s highways.

3.2 Advanced Traveler Information Systems (ATIS)

ATIS will provide data to travelers in their vehicles, in their homes
or at their places of work. Information will include: location of incidents,
weather problems, road conditions, optimal routings, lane restrictions, and
in-vehicle signing. Information can be provided both to drivers and to
transit users and even to people before a trip to help them decide what mode
they should use.

3.3 Advanced Vehicle Control Systems (AVCS)

AVCS is viewed as an enhancement of the driver’s control of the
vehicle to make travel both safer and more efficient. AVCS includes a broad
range of concepts that will become operational on different time scales.

In the near term, collision warning systems would alert the driver to
a possible imminent collision. In more advanced systems, the vehicle would
automatically brake or steer away from a collision. Both systems are
autonomous to the vehicle and can provide substantial benefits by improving
safety and reducing accident-induced congestion.

In the longer term, AVCS concepts would rely more heavily on
infrastructure information and control that could produce improvements in
roadway throughput of five to ten times. This concept is called the
Automated Highway System (AHS). Movements of all vehicles in special
lanes would be automatically controlled. One could envision cars running in
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closely-spaced (headways of less than one foot) platoons of ten or more, at
normal highway speed, under automatic control.

ATMS and ATIS will have early applications in urban and suburban
areas. AVCS, particularly the Automated Highway System (AHS), is
envisioned as a longer-term program. In addition, CVO, APTS and ARTS
are three major applications areas that are already beginning to draw on ITS
technologies.

3.4 Commercial Vehicle Operations (CVO)

In CVO, the private operators of trucks, vans and taxis have already
begun to adopt ITS technologies to improve the productivity of their fleets
and the efficiency of their operations. This is proving to be a leading-edge
application because of direct, bottom-line advantages.

3.5 Advanced Public Transportation Systems (APTS)

APTS can use the above technologies to greatly enhance the
accessibility of information to users of public transportation as well as to
improve scheduling of public transportation vehicles and the utilization of
bus fleets.

3.6 Advanced Rural Transportation Systems (ARTS)

The special economic constraints of relatively low-density roads and
the question of how ITS technologies can be applied in this environment are
challenges that are being undertaken by many rural states.

4. A BROAD APPROACH

ITS represents a broad systemic approach to transportation. ATMS
represents overall network management. ATIS is the provision of
information to travelers. AVCS is a new level of control technology applied
to vehicles and infrastructure. Applications in urban and rural areas,
involving public transportation, commercial vehicles and personal highway
vehicles, are encompassed by ITS.

There are important technological issues to be considered, many
involving the integration of various hardware and software concepts on a
“real-world” transportation network. Few technological “breakthroughs”
(with the likely exception of AHS) will be needed.
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S. INSTITUTIONAL ISSUES

Of equal importance to technological and systems issues are various
institutional issues that must be addressed if ITS is to be successfully
deployed. Several are discussed below.

5.1  Public-Private Partnerships

A primary issue is the need for public-private partnerships for ITS
deployment. One can contrast ITS with the Interstate System, the major
transportation program in this nation in the 20th century. The Interstate
System could be characterized as a public works system. The funding was
provided exclusively by the public sector and the fundamental decisions
about the deployment of the Interstate System were made by the public
sector.

ITS, on the other hand, will require deployment of infrastructure, largely
by the public sector, and in-vehicle equipment by the private sector.
Therefore, ITS can be characterized as both a public works and a consumer
product system. This will require unprecedented levels of cooperation
between the public and private sectors if ITS is to work effectively as a
national “seamless” system. The hardware and software in the infrastructure
must be compatible with the hardware and software in the privately-acquired
in-vehicle equipment.

While stand-alone ATMS (i.e., infrastructure) and ATIS (i.e., in-vehicle
equipment) could work well, researchers are convinced that coordinated use
of ATMS and ATIS will be much more effective than stand-alone systems of
either type. Therefore, for optimal system operations, coordination and
compatibility between ATMS and ATIS is essential. This requires close
cooperation between the public and private sectors. In the United States, this
cooperation has often not been strong. So ITS presents an important set of
institutional challenges in developing an effective public/private partnership
for ITS research and development, testing and deployment.

5.2 Organizational Change

A second institutional question is the need for organizational change
brought about by ITS. For example, our state Departments of Transportation
have been based, for many decades, upon the technology of traditional civil
engineering. Highway construction and maintenance have been the charter
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of state DOTs and, in fact, they have built a highway system that is unrivaled
in the world.

However, that world is changing with socio/political/economic constraints
and with ITS coming on the scene. Now, rather than dealing with the
conventional civil engineering technologies of structures, materials,
geotechnical engineering and project management, state DOTs need to be
concerned with electronics, information systems, communications and
sensors. DOTs will need to emphasize the operation of the transportation
system as well as construction and maintenance.

This is a fundamental shift for these public organizations. They will have
to make a difficult transition over the next several decades for ITS to be
successfully deployed around this nation, as will private-sector organizations
that have supported the historical mission. A whole new set of professionals
will need to be attracted to these public-sector organizations and related
private-sector organizations. In addition, fundamental changes in the
mission of these organizations must come about.

It is interesting to observe that on the Central Artery/Tunnel program in
Boston, Massachusetts, one of the last major projects of the Interstate
System, ITS is playing a major role. The contractor on the project is putting
considerable resources into understanding and developing ITS systems that
can be used in conjunction with the development of conventional
infrastructure to make sure this mammoth ($10 billion) megaproject will, in
fact, work. Together with the Commonwealth of Massachusetts, the
Massachusetts Institute of Technology and MIT’s Lincoln Lab, the
contractor is working on traffic control centers, algorithms for effective
routing of traffic, and roadside infrastructure that will permit efficient
monitoring of traffic and incident detection.

The symbolism is strong. One of the great international construction
consortiums working on the last of the great Interstate projects in this
country is focusing on ITS technology to enable the finished project to
operate effectively.

5.3 Academia in Transportation

The development and deployment of ITS imply important issues for
academia, both in research and in the education of new transportation
practitioners. The academic community has a major role to play and has
already seen an opportunity in ITS as a number of active programs have
already been initiated. For example, the University of California, University
of Michigan, University of Minnesota, University of Texas, Texas A&M,
MIT and others have active ITS research and education programs.
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The most important function of academia is the development of
educational programs and the education of transportation professionals. The
deployment of ITS implies change for transportation organizations.
Consequently, a broader education of the transportation professional,
including areas such as software systems, communications, a variety of
systems analysis and operations research methodologies, information
systems, and institutional studies will be required. What is needed is a “new
synthesis” as an educational model for the ‘“new transportation
professional”.! The development of that synthesis and the education of the
new transportation professional will be a critical contribution by the
academic community.

Academia also has an important role to play in research activities in the
ITS arena. Academia will be a major participant, both in assessing the
current state of likely technological improvements and in providing basic
and applied research and development.

Indeed, there is a close tie between the research programs and the new
synthesis noted above. ITS research will require the talents of faculty in
areas that have not traditionally been involved in transportation. The access
to interesting research problems, as well as to funding, provides the pathway
and motivation for new faculty to participate in transportation research in the
university. It will be essential to engage those faculty members in
transportation education and developing the new synthesis. That approach
has worked effectively in fields such as manufacturing and biomedical
engineering, and ITS is an opportunity to make it happen in transportation as
well.

Success in ITS will require progress in three areas: the “triad” of
technology, systems and institutions and management, mentioned earlier in
the context of the ITS strategic plan. The development and integration of
advanced technology into the transportation infrastructure is central to ITS.
Systems level activities, including network operation, economic analysis,
optimization and simulation are likewise fundamental. Finally, institutional
and management issues such as public/private partnerships, intergovernmen-
tal relations and legal questions are also of prime importance.

These three areas require a breadth of capabilities not captured by many
organizations. The modern research university is best suited for such broad
activities. These universities, with their dual roles in education and research,
have built broad faculties in engineering, management, political science and
technology policy. They often undertake mission-oriented work that
requires the broad vision and expertise described above. By addressing the

*  Sussman, Joseph M., “Educating the ‘New Transportation Professional,’” ITS Quarterly,

ITS America, Washington, DC, Summer 1995. N.B. This article appears in Section III of
this volume.
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triad in an effective way, research universities have a unique role to play in
the ITS arena.

6. TRANSPORTATION AND CHANGE

The linking of conventional infrastructure with the technologies of
information systems, communications, sensors and advanced mathematical
methods for the movement of both people and freight is an extraordinary
development. We cannot begin to foresee the changes (possibly both
positive and negative) that will result from the development of this
transportation/information infrastructure.

Think, for example, about the changes that came about as a result of the
Interstate System, a $130 billion program, starting in 1956. The Interstate
program can be thought of as an expansion, in-kind, of a conventional
highway system. Granted, the Interstate was a substantial expansion in
capacity and network size, but it was an in-kind improvement nonetheless.
Yet, we had a hard time predicting what would happen as a result of this
implementation. For example:
® The inter-city trucking industry was formed, and a financial blow was

dealt to the railroad industry, as it lost substantial market in high-value

freight. This led, in turn, to a fundamental redefinition of the relationship

between the public and private sectors in the freight industry in 1980,

through substantial deregulation.

» The Interstate led to an unprecedented and unequaled mobility between
and into U.S. cities and gave rise to the regional transportation concept,
with wholly new methods of planning being required for region-wide
analysis and design.

= The Interstate System included the development of circumferential belts
around major cities, leading to development patterns quite at variance with
the ability of public transportation to service it and, as described by
authors such as Joel Garreau, the development of “edge cities”, a
fundamentally new kind of urban structure.

= The Interstate led to a fueling of the post-war economic expansion and a
period of unprecedented prosperity in the United States.

= A "stop the highway" backlash in urban areas resulted from the Interstate,
and a political polarization between the build vs. no-build factions became
a fact of political life in U.S. transportation.

All of this results from an expansion, in-kind, of the highway system.
Regarding ITS, we have already seen:

= the reinvention of logistics through supply chain management, linking
inventory management and transportation in wholly new ways;



