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Foreword 

In most urban areas, the responsibility for operating and monitoring the overall transportation 
system is distributed among multiple agencies at the local, regional, and state levels. The 
operating policies and practices of these different jurisdictions are often determined 
independently, with little active coordination among the responsible agencies. However, the 
potential benefits of improved coordination are becoming apparent to transportation professionals 
concerned with maximizing the efficient use of the existing transportation system. 

Transportation agencies within several urban areas have made significant progress toward 
coordinating activities related to facility implementation, system operations and maintenance, 
data collection, and incident management. More recently, those efforts have evolved into the 
development of integrated traffic management systems (ITMS). Integrated traffic management 
systems utilize advanced technologies to enhance the communication of information among 
multiple agencies, allowing for coordinated decision-making that maximizes the efficiency and 
effectiveness of the overall transportation system. 

Planning, designing, and operating integrated traffic management systems is a complex 
undertaking involving multiple agendes and jurisdictions. In order to better understand the issues 
associated with implementing and operating these systems, the Transportation Research Board 
Freeway Operations Committee and Traffic Signal Systems Committee-in cooperation with the 
Federal Highway Administration-sponsored the Symposium on Integrated Traffic Management 
Systems. The symposium was held at the Beckman Center in Irvine, California on June 24-26, 
1992. Its function was to bring together transportation professionals from the public and private 
sectors to discuss techniques and approaches for developing and operating integrated traffic 
management systems. 

A diverse collection of issues were presented and discussed during the symposium. These 
proceedings contain the complete text of the keynote presentations and summaries of the 
symposium workshop sessions. Material is included on planning, designing, and operating 
integrated traffic management systems, as well as the use of advanced technologies, funding, and 
institutional issues. Innovative approaches being used by some agencies to address these and 
other issues are presented. 

These proceedings represent a valuable resource for transportation professionals and others 
interested in the planning, design, and operation of integrated traffic management systems. 
Furthermore, it serves as a valuable source of information about the experiences of many current 
ITMS projects and plans for future activities to enhance the efficiency and effectiveness of urban 
transportation systems. 
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Session One 
What are Integrated Traffic Management Systems? 
J. Roberl Doughty, consultant - presiding 

Welcome Address 

Irv Pickler 
Anaheim City Council 

Orange County Transponation Authority 

I would like to take this opportunity to 
welcome you to Orange County, California. 
When I first came to California in 1945, we had 
no smog and no traffic jams. You are all aware 
of the problems that have developed in this area 
since that time with the rapid growth we have 
experienced. When I moved to the Anaheim area 
37 years ago, we had a population of about 
25,000. Today we have a population of some 
280,000. 

I think Orange County is one of the most 
dynamic areas in this country today. It is home 
to 2.5 million people. We currently face many 
problems that threaten the standard of living we 
have come to expect. Today, I would like to 
address one of those challenges: transportation. 
This is the area you have come to discuss over 
the next 2 days. 

The street and freeway systems in Orange 
County provide the basic mobility for area 
residents and visitors. Although the traffic 
situation in Southern California is often the 
focus of numerous jokes, I want you to know we 
approach transportation in anything but a light­
hearted manner. In fact, our attention to trans­
portation has led us to be one of the most inno­
vative areas in the nation. 

I hold the unique position of viewing traffic 
problems from two vantage points. I am both a 
member of the Orange County Transportation 
Authority and the Anaheim City Council. As a 
member of the Orange County Transportation 
Authority, I can safely say that the passage of 
Measure M in November of 1990 has had a 
significant impact on the area. This countywide 
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initiative added a half-cent sales tax to the 
county transportation funds for 20 years. This 
will raise more than $3 billion for a variety of 
transportation projects. 

Forty percent of these funds have been 
allocated to freeway improvements, including 
the widening of the 1-5 freeway and the addition 
of carpool lanes on other facilities. In addition, 
$350 million has been committed to the enhance­
ment of the regional road network. This includes 
the creation of 21 super streets, covering 220 
miles of the county's busiest roadways. Further, 
$650 million has been earmarked for local street 
and road programs that will address a variety of 
local road repairs and improvements. The re­
maining 20 percent of the Measure M funds will 
be used to develop and enhance a mass transit 
system. This mass transit system will include 



intercity and commuter train services between 
Orange and surrounding counties. 

Recently, the Orange County Transportation 
Commission adopted a $710 million budget, the 
largest budget ever adopted by the agency. This 
level of funding is directly attributable to 
Measure M. Approximately 73 percent of the 
budget was comprised of Measure M funds. In 
this era when the popular cry is "no new taxes," 
the voters of Orange County are to be com­
mended for the foresight and vision of approving 
Measure M. 

I would also like to note that 3 years of 
negotiations recently culminated in the agree­
ment by six Southern California counties to 
purchase 340 miles of existing railroad lines to 
use for a comprehensive commuter rail project. 
This $500 million acquisition has put Southern 
California on the fast track to develop mass 
transit rail service in a fraction of the time it 
would take to develop a project of this type from 
scratch. In fact, by 1993, we expect thousands 
of commuters to make the switch from driving 
alone to using the rail system. This will help 
relieve congestion on our freeways. 

These are exciting times for transit projects 
in Orange County. We are tackling the challeng­
es head on, with ample resources to solve many 
of the chronic problems that have plagued us for 
years. These are also exciting times at the local 
level. As a member of the Anaheim City Coun­
cil, I have also had the opportunity to participate 
in the city's creative approaches to traffic prob­
lems. We need people like the transportation 
professionals gathered here today to help us 
solve these problems. 

I believe the jewel of our efforts is the 
Anaheim Traffic Management Center. Don Dey 
was one of the key people that helped put the 
management system in place. This state-of-the­
art system keeps millions of tourists, baseball 
and football fans, and local residents moving 
efficiently throughout the streets of Anaheim. 
From a single control center in central Anaheim, 
we are able to direct the flow of traffic at major 
intersections throughout the city with the use of 
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real-time video cameras and sophisticated signal 
switching equipment. 

For example, we can now empty a capacity 
crowd at Anaheim Stadium, which holds approx­
imately 70,000 people, in about 45 minutes. 
Before the system was developed it took twice 
that long. The Traffic Management Center also 
includes a link to Caltrans and the University of 
California-Irvine. These links provide for the 
monitoring of regional traffic conditions. 

These features have provided a good start to 
addressing our traffic problems. We continue to 
explore new technology to enhance our capabili­
ties at the Traffic Management Center. In com­
bination with other innovative projects, the 
Traffic Management Center has made Anaheim 
a leader in solving regional traffic problems. 

It is fair to say that traffic problems will be 
with us for many years to come. With the 
continued cooperation between agencies and the 
growing use of advanced technology systems, 
we will meet these challenges today, tomorrow, 
and well into the twenty-first century. Thank 
you and enjoy your symposium. 

Federal Highway Administration Perspective 

Dennis C. Judycki 
Federal Highway Administration 

It is a pleasure to be here on my first visit to 
the Beckman Center. I was pleased to be asked 
about a year ago to participate in this sympo­
sium. I think the topic of traffic management is 
very timely. Certainly, the Federal Highway 
Administration (FHWA) is interested in promot­
ing and encouraging integrated traffic manage­
ment systems (ITMS). I would like to share with 
you some views of where we have been and 
where we are going in the future with traffic 
management systems. I very much look forward 
to learning from the other panelists who will 
address the state, city, and user views of ITMS. 

The first question often asked is, What is an 
integrated traffic management system? This will 



be discussed more fully this morning, but I think 
it is appropriate to note that the working defini­
tion often used is that it is an integrated system 
representing the organized management of 
arterial and surface-street traffic management 
systems and freeway operations and management 
systems. Although this may be viewed as a more 
traditional definition, it certainly includes both 
institutional and functional integration. 

My view of the concept of what an integrat­
ed traffic management system should be has 
changed over time, in keeping with the changes 
we have seen in the transportation system and 
advances in technology. I think the context 
within which we view ITMS is much broader 
now and includes interface with such elements as 
advanced traveler information systems (A TIS). 
Certainly, the institutional issues influencing 
ITMS have evolved to include expanded public/ 
private roles and partnerships. 

The benefits of ITMS have been proven at 
the technical level. However, I think formal 
documentation of these benefits has sometimes 
been missing. The TRB Freeway Operations 
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Committee has done a good job of documenting 
traffic management system projects and complet­
ing an inventory for North America. This is an 
important step in evaluating national experience 
and gaining insight into lessons that have been 
learned in different metropolitan areas. 

Examples of the benefits of ITMS can be 
found in many areas around the country. The 
Long Island INFORM project reports delay 
savings in the order of 300,000 vehicle-hours a 
year and a 5 percent reduction in accidents on 
the Long Island Expressway, while a similar 
roadway had an increase of 13 percent. The 
Smart Corridor Project in Los Angeles has 
demonstrated the benefits when jurisdictional, 
institutional, and technical issues are addressed 
through ITMS. The expected return from this 
system is in the range of $24-32 million in user 
benefits. 

Coalitions are being formed at the local and 
regional levels to provide a bridge for manage­
ment and coordination between various levels of 
government. One good example of this is the 
National Incident Management Coalition. This 
group was formed in response to an understand­
ing at the national level that technically and 
institutionally we know how to deal with manag­
ing incidents, but it was not receiving adequate 
attention from decision makers. The National 
Incident Management Coalition was structured to 
reach out and accomplish deployment activities 
at the national, state, and local level. Many 
other cities, including Chicago, Minneapolis-St. 
Paul, Seattle, and Anaheim, have also developed 
extensive integrated systems. 

Even with these examples, however, we still 
need to do more evaluations, documentation of 
project benefits, and more demonstrations of the 
effectiveness of these systems. The results of 
these need to be made available to technical 
groups and to decision-makers. It is important to 
put a priority on operational issues. There are 
obviously barriers to doing this. These include 
institutional and financial barriers, as well as 
technical barriers. Many of these will be dis­
cussed during the symposium, and, I hope, new 
approaches will be identified. 



The institutional issues have been discussed 
on many different occasions and the relation­
ships between local, state, and federal agencies 
continue to be important. The formation of 
regional coalitions has been used as one ap­
proach in many areas. The new Intermodal Sur­
face Transportation Efficiency Act (ISTEA) 
provides a much broader and enhanced role for 
metropolitan planning organizations (MPOs) in 
this area. The importance of MPOs as a partner 
in operational activities in metropolitan areas is 
now greater. Thus, we are experiencing changes 
in the institutional framework within which 
traffic management systems are planned, devel­
oped, and implemented. System integration must 
also be addressed, giving full consideration to 
the increased involvement of the private sector. 
In April, FHWA sponsored a symposium deal­
ing with the public/private sector institutional 
issues associated with deploying intelligent 
vehicle-highway systems (IVHS). You will note 
that this is the first mention I have made of 
IVHS . Although what we will be discussing at 
this symposium is part of implementing IVHS; 
ITMS is an important subject on its own merits. 

A number of conclusions emerged from the 
April FHW A symposium on public/private 
sector roles in deployment. One was the need 
for widely based education programs to provide 
a better understanding of the programs and 
opportunities for ITMS deployment. Another 
was the need for a "corporate" cultural change 
involving many public agencies. It was felt that 
the transportation community should help pro­
mote innovative approaches, especially in areas 
such as procurement procedures. 

It was further suggested that the public 
sector needs to better understand the motivation 
of the private sector in IVHS development and 
deployment, and that we need to do a better job 
of identifying the costs and benefits to assure 
that a priority is placed on deployment. Public 
agencies need to establish relationships with 
IVHS technology industries. A number of finan­
cial barriers have also been identified, along 
with technical issues which should not be over­
looked. All of these will be discussed at your 
workshop sessions over the next couple of days. 
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I would I ike to note a few recent FHW A 
activities in these areas related to ITMS. In 
1990, FHWA examined the operation and main­
tenance of traffic control systems around the 
country. A total of 24 systems in 7 states were 
examined. The results of this study indicated that 
many systems were not being operated or main­
tained at the level of sophistication that they 
should be. This was not unexpected, but raised 
a significant level of concern. An internal panel 
at FHW A developed a series of recommenda­
tions to address the concerns resulting from this 
study. In addition, a panel of experts, some of 
whom are in this room, was formed to make 
recommendations from outside of FHW A. Ed 
Rowe chaired that panel and did an exceptional 
job, for which we thank him. 

The recommendations from this group, 
which are documented in a final report, included 
developing minimum standards and skills for 
operations and maintenance staff, establishing 
procedures to fund long term operations and 
maintenance of the systems, developing staffing 
guidelines for the operations and maintenance of 
the systems, developing operations and mainte­
nance guidelines and model plans, developing 
operations and maintenance guidelines for traffic 
control systems planning and design, the devel­
opment of a new National Highway Institute 
course for operators, establishing a FHWA 
clearinghouse to distribute technical information 
on ITMS, the development of a task force to 
update FHW A procurement regulations, and 
facilitating the formation of regional traffic 
management committees. All of the recommen­
dations and follow-up actions are included in a 
program plan that will be available soon for 
external review. 

From a national perspective, ISTEA recog­
nizes the importance of integrated traffic man­
agement systems. A number of new elements are 
included in this legislation. These include the 
increased funding levels and the philosophy that 
integrated operations should be an integral part 
of managing the transportation system. For the 
National Highway System, the ability exists to 
pay for operational activities associated with 
traffic control centers, incident management 



systems, and integrated systems for up to a 2-
year period. Under the Surface Transportation 
Program (STP), operational activities are eligi­
ble, with no time limits or specific definitions 
for the operational programs. This is new eligi­
bility and something you should be examining 
for possible application in your area. 

Certainly, the IVHS program becomes 
important to eventual system deployment. IVHS 
funds are currently being utilized in three princi­
ple areas: research and development, operational 
tests, and, on a limited basis, deployment. The 
research and development program accounts for 
approximately $24 million of $234 million 
available from FHW A for IVHS this fiscal year. 
Most of the funds focus on operational tests. The 
criteria to be used in evaluating potential opera­
tional tests was issued in the Federal Register on 
May 8. The strategic plan developed by IVHS 
America includes further goals for the program 
and will serve as the point of departure for 
future areas of emphasis. We will annually 
solicit for operational test partnership initiatives. 
Early deployment funding at a level of approxi­
mately $5 million a year is also being provided 
to metropolitan areas which demonstrate a 
capability and interest in advancing projects such 
as integrated traffic management systems. As 
with operational tests, we will annually solicit 
for these deployment programs. 

In closing, I would like to suggest that our 
challenge is to deploy integrated traffic manage­
ment systems that are operationally seamless to 
our customer-the transportation user. The 
development, operation, and maintenance of 
these systems must be a priority. To this end, 
the symposium should help advance this chal­
lenge. It will, hopefully, instill fresh ideas and 
enthusiasm within each of us. FHWA looks 
forward to working with you to demonstrate the 
resolve of our profession to take advantage of 
the opportunities to deploy integrated systems. 
Thank you and good luck. 
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State Perspective 

Ann Hansen 
California Department of Transportation 

I have been asked to provide a state perspec­
tive on ITMS. I would like to start by placing 
ITMS in the context of the mission described in 
the 1972 legislation creating the California 
Department of Transportation (Caltrans). This 
legislation stated that the mission of the depart­
ment is to "provide transportation facilities and 
services which move people and goods at a 
reasonable cost and in an adequate, safe, and 
efficient manner." 

By way of background, it is important to 
note that California has spent billions of dollars 
in building one of the best transportation systems 
in the world. In the San Francisco Bay Area 
alone, Caltrans now has a $20 billion investment 
in its freeway system. The investment in heavy 
rail systems like Caltrain and the Bay Area 
Rapid Transit System (BART) is $7 billion. 
Light rail systems-San Francisco's MUNI 
Metro and Santa Clara County Transit light rail 
transit-add another $2.3 billion. Major bus 



systems-MUNI, Golden Gate, AC, SamTrans, 
and Santa Clara County Transit-account for an 
additional $5.5 billion. Add $200 million for 
ferries, and you have $35 billion invested in the 
transportation system to serve the needs of the 
6.3 million people in the metropolitan area. This 
figure is substantially below the total cost of the 
system because it does not include all the money 
that has been spent on local streets and roads 
and some 20 smaller transit systems. Operating 
and maintenance expenses are also not included. 

Unfortunately, the amount of funding avail­
able has fallen significantly behind what would 
be necessary to expand the system at the same 
rate as the growth in travel demand. In addition 
to the financial constraints, the social and envi­
ronmental laws and concerns, primarily a~r 
quality in urban areas, will continue to limit 
construction of new freeways and highways 
severely and even the widening or improvement 
of existing freeways. Accordingly, the hours of 
delay experienced in urban areas are rising 
rapidly. In some areas, delay has gone up by as 
much as 25 percent in a 1-year period. Even 
with the tremendous construction program in the 
state, we have not been able to keep up with the 
demand in many areas. Continued maintenance 
of safety is in jeopardy. These problems exist on 
both local streets and roads, as well as on state 
highways, and some transit systems. 

Although the primary responsibility of the 
California Department of Transportation focuses 
on the freeway and highway system, we are 
responsible to the citizens of the state to protect 
the investments in the existing system, maximize 
the carrying capacity and efficiency of the 
system, improve safety, reduce congestion, and 
improve air quality. 

One of the most promising solutions for 
protecting this substantial public investment is 
through the development and operation of an 
integrated traffic management system. This can 
only be accomplished through a partnership of 
federal, state, regional, and local agencies along 
with many other groups. 
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One of the first things that the transportation 
and planning professionals have done is to 
establish a whole new vocabulary of acronyms 
which identify the traffic management system 
and its components. I am sure you all are famil­
iar with many of the older acronyms like MPO, 
TIP, STIP, RTP, and AQMP. Some of the 
newer ones you will be hearing at the sympo­
sium include: TMS (traffic management system) 
or TOS (traffic operations system), ITMS (inte­
grated traffic management system), IVHS (intel­
ligent vehicle-highway system), CMP (conges­
tion management plan), CCTV (closed-circuit 
television), HAR (highway advisory radio), 
CMS or VMS (changeable or variable message 
sign), EMS (extinguishable message sign), TMT 
(traffic management team), FSP (freeway service 
patrol), STP (surface transportation program), 
CMAQ (congestion mitigation air quality pro­
gram), and TIP (federal transportation improve­
ment program). Of course everyone is looking 
toward the ISTEA for funding to install ITMS 
and hoping it will help satisfy the requirements 
of the CAAA (Clean Air Act Amendments). 

Earlier, I mentioned the importance of 
partnerships. ISTEA and recent California 
legislation are changing the process for planning, 
developing, and operating our transportation 
system. The planning and budgeting process is 
really a bottoms up rather than a tops down 
process, beginning with local agencies, called 
Congestion Management Agencies in California. 
These agencies are required to develop CMPs 
which consider the existing street and highway 
systems in their counties, the current levels of 
service, the desired levels of service, current and 
future land uses and their impact on the levels of 
service, and proposals for mitigating growth 
while maintaining or improving the levels of 
service. All projects which are to be proposed 
for inclusion in the regional TIP must be includ­
ed in these county CMPs. The partnerships I 
mentioned earlier are needed to promote the 
cooperation and understanding necessary to 
develop these plans. Without this, there will not 
be a TMS because the necessary elements and 
projects will not be in the plan and ultimately 
may not be funded. 



I believe the institutional problems associated 
with establishing ITMS are far greater than the 
technical problems. There are almost 100 cities 
in the San Francisco Bay Area and 9 counties. 
Some of these cities may have only a short 
freeway segment or one interchange within their 
city limits; but, if they want to block any portion 
of a TMS for parochial reasons, you are proba­
bly in trouble. You and your attorneys may 
think you have the authority to take an action 
affecting the state system, but there is always a 
judge or a legislator who says you don't. This 
can leave a lot of holes in any system, and a 
transportation management system with holes 
will not do a lot of the things we said it ought to 
do very well. 

Metering is the most vulnerable to this 
thinking. Each city and county believes that the 
meter should be on the freeway so that the trip 
that originated in another jurisdiction has to wait 
in congestion, so that the local trip can get on 
the freeway without delay. The meter may take 
any form, either metering lights at the county or 
city limits or a geometric meter or bottleneck. 
Too few lanes to handle the demand will also 
do. Diverting trips off the freeway and onto 
local streets can also be controversial, even if it 
is just for a short distance or is done in response 
to an incident. 

The equity issue is frequently raised with 
ITMS. Engineers can calculate how to operate 
the system to reduce overall delay and conges­
tion, increase the capacity of the system, im­
prove air quality, and identify improvements to 
mitigate impacts on local streets, but equity, like 
beauty, is in the eye of the beholder and doesn't 
yet fit into a computer model well. Hopefully, as 
people see how well ITMS can serve everyone, 
resistance will diminish and support will grow. 

Caltrans has not accepted the reluctance of 
a few areas to recognize the benefits of ITMS 
and is proceeding ahead rapidly to upgrade and 
expand the systems in the Los Angeles and 
Orange County areas. Caltrans is also undertak­
ing a $200-300 million series of projects in the 
San Francisco Bay Area, and is making major 
commitments in the other urbanized areas. 
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Fortunately, many cities are realizing that it is 
important not only to keep the freeway system 
operating well, but also to make the local sys­
tems more efficient too. Thus, many are install­
ing their own traffic management systems. Los 
Angeles and Anaheim have well-developed 
systems which are being expanded to increase 
the coordination and sharing of information with 
the Caltrans system. San Jose has initiated a 
TOS and is working cooperatively with Caltrans. 
Santa Ana has also requested funding for a 
traffic management system. Cal trans' districts 
are integrating their systems into regional sys­
tems and sharing information and TMTs, erasing 
district boundaries in traffic management. 

The partnerships I mentioned previously are 
only a few of the many partnerships necessary to 
maximize the usefulness of ITMS. The coordina­
tion between different groups will be needed in 
many additional areas. For example, closer 
coordination between Caltrans and the California 
Highway Patrol (CHP) is being pursued. The 
state's traffic operations centers (TOCs) have 
always been staffed jointly by Caltrans and 
CHP. In some districts, offices which are sepa­
rate from both the CHP and Caltrans main 
offices are being planned to be staffed by people 
from both organizations. 

The information on highway conditions and 
incidents available in the TOCs is furnished 
directly to the media for broadcast to the public. 
The media also provides timely information to 
the TOCs. Smaller cities which are installing 
their own HARs are working with Caltrans to 
provide timely traffic information in their areas, 
utilizing EMSs to communicate with motorists to 
tune into a given radio frequency when incidents 
occur. Transit agencies are also expressing an 
interest in having a direct connection to the 
TOC's information system so they can adjust 
schedules and routes when necessary, and pro­
vide instructions to their drivers. In turn, transit 
vehicles can be used as probes and as a source 
of information on traffic conditions. 

The motorist is now providing a significant 
amount of information to the TOCs in the form 
of 911 calls from cellular phones and call boxes 



along the highways. In California, the CHP 
answers all these calls, and the information is 
fed immediately into the information system for 
the TOC. 

Caltrans, the CHP, and the Metropolitan 
Transportation Commission in the San Francisco 
Bay Area and the Los Angeles County Transpor­
tation Commission, are jointly responsible for 
the freeway service patrols providing help to 
stranded motorists on the freeway system. 

Caltrans has provided considerable funding 
to the University of California for research in 
IVHS as a part of the Partners for Advanced 
Transit and Highways Program (PATH). The 
research program involves work by several 
universities, Caltrans districts and the Office of 
New Technology, regional and local agencies, 
and the private sector. Universities which are 
currently involved are UC-Berkeley, UC-Irvine, 
UC-Davis, Cal Poly San Luis Obispo, Universi­
ty of Southern California, and Stanford. The 
private sector involvement includes professional 
consultants, major development and manufactur­
ing companies, and small entrepreneurs. Some 
of the areas being studied or scheduled to be 
studied are computer simulation, methods for 
detecting incidents, closed-circuit television, on­
board navigation systems, automated vehicle 
control, automated vehicle identification and 
location systems, information and communica­
tion systems, common and uniform data base for 
mapping, public policy, and organizational 
structure. There are tests beds in both northern 
and southern California. 

Clearly, the state is developing an integrated 
traffic management system. It is investing a 
large amount of money in this system and ex­
pects to see the benefits to the general popula­
tion both economically and environmentally. The 
system will be dynamic and flexible, expanding 
to accommodate new technology as it is devel­
oped and tested. The degree of success will 
depend on how well all the existing partners 
continue to work together cooperatively and the 
active participation by new partners. 
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Local Perspective 

S. Edwin Rowe 
Los Angeles Department of Transportation 

Over the last year we have had a number of 
conferences on IVHS, traffic management, and 
integrated traffic management systems. The 
number of representatives from cities attending 
these conferences has been low. This has been a 
concern to many of us who realize the important 
role cities must play in ITMS. I am pleased to 
see a number of representatives from city depart­
ments in attendance today. 

I would like to discuss what I see as some of 
the major issues associated with ITMS from the 
perspective of local jurisdictions. My opinions 
on many of these issues are based on experience 
with managing transportation during the 1984 
Olympics in Los Angeles. This provided the 
opportunity to bring together all of the relevant 
operating agencies to develop and implement a 
full scale transportation management plan. 
Although we did not have many of the high 
technology tools that are available today, the 
program was very successful. 



I have also been involved in the development 
and deployment of the automated traffic surveil­
lance and control system (ATSAC) in Los 
Angeles over the last 10 years. Many of the 
features of this system represent the elements 
that will be needed in ITMS in the future. We 
have also been working with Caltrans, the 
California Highway Patrol, and other operating 
agencies on the Smart Corridor demonstration 
project. This will be the first project to apply all 
of these advanced technologies in an integrated 
traffic management system. 

From a city perspective, I think the major 
issues related to ITMS include the organization 
of the various agencies, the system architecture, 
traffic monitoring requirements, development of 
the appropriate strategies, the increased levels of 
automation needed to operate the systems, the 
increased use of different media for traveler 
information, and the responsibilities of operation 
and maintenance personnel. I would like to 
discuss each of these briefly. 

The major organizational question is who is 
in charge. In the case of the Olympics in Los 
Angeles, we decided to manage the transporta­
tion process by consensus. The jurisdictional 
responsibilities remained the same, but different 
activities were managed through the use of 
policy and technical committees that met on a 
regular basis. This organizational form worked 
very well and is also being used on the Smart 
Corridor demonstration project. A similar struc­
ture could be used with ITMS. 

System architecture represents a technical 
issue. For the Olympics we started with a top 
down approach, focusing on a multi-jurisdiction­
al traffic management center. Linked to this 
center we had the single jurisdiction operating 
centers and their field command post units. 
During the 01 ympics, most of the decisions were 
made at the field command post levels, with few 
decisions actually made at the top level. Thus, I 
think it is important to look at the costs and 
benefits of developing a traffic management 
center that attempts to include all agencies. It 
may be more appropriate and cost effective to 
link the existing operations centers, rather than 
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design a whole new center. However, it is 
critical that all the people in the different operat­
ing centers see the same traffic picture based on 
the same information. 

To accomplish this in the Smart Corridor 
demonstration, a centralized data base has been 
established that provides the same information to 
all participating agencies. All of the information 
collected through the detectors and other net­
works flows into the respective operating centers 
and then into the centralized data base. What is 
important about this data base is that it fuses all 
available information from all the participating 
agencies to provide one composite picture of 
traffic conditions. This information is then made 
available to all participating agencies. It doesn't 
really matter where the central data base is 
located, as long as the communication links are 
there. 

One of the deficiencies in many local areas 
is the lack of ability to monitor local traffic. 
Freeway monitoring has been in existence in a 
number of areas for many years. In an integrated 
traffic management system it is critical that 
information on the status of traffic conditions on 
local streets be available, since traffic may be 
diverted to-or encouraged to use-surface 
streets. Thus, there needs to be a better balance 
between the capabilities of the surface street 
system and the freeway system. 

One scarce resource in many communities is 
the traffic engineers and technicians that will be 
needed to operate and maintain these systems. 
The increased responsibilities that come with 
ITMS will necessitate greater use of automated 
systems and special training for the personnel 
needed to operate and maintain these systems. It 
will also be important to look at the development 
of expert systems for unusual events. We need 
to look beyond recurring congestion, respond 
automatically to these to unusual events, and 
provide a decision support mechanism for the 
operators. These may include very complex 
situations, which will need to be supported by 
some type of expert system. 



Adequate benefit analyses of ITMS are also 
lacking in most jurisdictions. Evaluations of 
ITMS often do not go beyond simple before-and­
after studies. The costs and labor required to 
prepare these analyses are commonly mentioned 
as limiting factors. This is one area where we 
need to do a better job in the future. The levels 
of automation included in ITMS should help 
with these evaluations. These evaluations will be 
needed to assist in considering future alternatives 
and responding to questions from decision 
makers. 

An important function I would like to men­
tion is providing priority to transit vehicles. This 
has not been given full consideration in many 
metropolitan areas around the country because of 
the adverse impacts on cross-street traffic. 
Through the use of traffic-adaptive control 
techniques, however, we should be able to 
enhance the operation of transit without hurting 
other traffic. 

Traveler information represents an area that 
has not been exploited fully. Many areas use 
changeable message signs and the radio and TV 
media to provide information to travelers. With 
ATMS and ATIS, there are many new opportu­
nities to make information available to the 
traveling public for pre-trip planning and in­
route decisions. This is critical to really achieve 
the potential of ITMS. 

The development and agreement among the 
different agencies on the traffic management 
strategies to be pursued is a critical step. Devel­
opment of specific strategies involves resolving 
a number of sensitive issues relating to traffic 
diversion, ramp metering, incident response, 
accident and enforcement policies, and traveler 
information. Reaching an agreement on these 
difficult issues is critical to the development of 
a successful ITMS program. A traffic manage­
ment matrix can be used to document these 
plans. Maintaining flexibility to respond to 
rapidly changing highway conditions during 
incidents is essential. 

The concern about operations and mainte­
nance has already been mentioned. This is 
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indeed a nationwide concern. If operating and 
maintaining our existing systems is a problem, 
just think of the problems we will face with 
much more complex systems in the future. The 
recommendations made by the FHW A panel 
address a number of issues in this area. These 
include the need for specialized ongoing training 
for local agency staff, additional personnel with 
expertise in new areas, organizational changes, 
and additional funding. 

In conclusion, it is my view from a city 
perspective that we can integrate local systems 
with those of other agencies at the regional and 
state levels and still maintain adequate local 
control over the system. In doing this we will 
have to provide a greater emphasis on traffic 
monitoring, reach agreement among agencies on 
traffic management policies and approaches, 
implement greater automation of all needed 
functions, and reexamine a broader range of 
techniques to communicate with the traveling 
public. If we can do this, the pay-off will be the 
more efficient utilization of our roadway system 
at a time when we can not afford to add new 
highways in many metropolitan areas. 

User Perspective 

A. Keith Gilbert 
Automobile Club of Southern California 

I have been asked to discuss the benefits of 
ITMS from the users' standpoint, the institution­
al issues that will need to be addressed, and how 
the general public and groups like the Auto Club 
can better interact with state and local govern­
ments. In order to do this, I would like to start 
by providing you with an idea of how ITMS is 
viewed from the users' perspective. 

Often the highway users' perspective is 
being stuck in traffic behind a truck without 
being able to see the highway signs or anything 
else. Further, the users' perspective in Los 
Angeles is often dominated by construction 
activities. I was pleased to note in the white 
papers that construction traffic management is 
one of the elements of ITMS. I think that Cal-



trans has done a good job in utilizing some very 
effective traffic management programs. I think 
these are more important from a users' perspec­
tive than a few seconds saved at a traffic signal 
or some other program. 

Ramp metering is also an element of ITMS. 
I have not heard many complaints from users 
about ramp metering in the Los Angeles area. 
This may be because people are starting to get 
used to the meters. This also holds true for the 
use of HOV ramp by-pass lanes and HOV 
facilities, although we do hear a few more 
complaints about these types of facilities. I think 
users appreciate the benefits of spacing traffic 
and improving the flow of traffic that these types 
of facilities provide. I think the user perspective 
also focuses on busy intersections in our urban 
areas. 

I think safety is a very important issue for 
users of our roadway systems. I think we can all 
be proud of the progress that has been made in 
the area of highway safety. For example, al­
though the annual number of fatal accidents 
occurring in California between 1981 and 1990 
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has remained relatively constant, fatalities per 
100 MVMT has dropped from 3.2 to 2.0. There 
are a number of reasons for this, including more 
extensive use of seat belts, DWI programs, safer 
vehicles, and safer highways. 

The question is, How much better can we 
get? I have been looking toward IVHS as one 
way to keep the accident rate from increasing in 
the future. I think it is important to look at the 
safety aspects of ITMS. For example, if we 
divert motorists away from congested freeways 
to avoid an incident, are we taking them from 
one kind of safety environment to another? 

Operations and maintenance is another major 
issue area that users are concerned about. There 
is a session that will focus on this topic tomor­
row. Given its importance, it may have been 
appropriate to have scheduled this as one of the 
first workshops. The Auto Club is very con­
cerned about traffic signal operations and main­
tenance because it relates to both benefits and 
operational issues. The user bears the brunt of 
poor signal management and operation. The 
Auto Club has printed a bookJet on this problem 
because it is such an important issue. 

I would like to suggest that careful thought 
is warranted as we approach many of the "whiz­
bang" ideas associated with IVHS and ITMS. 
This is especially important at a time when 
maintenance of any kind is coming under the 
gun due to limited budgets. If the loops don't 
work, it doesn't matter how well integrated your 
signal controllers are. The user is the ultimate 
loser in this. 

Another concern I have is how we will 
measure the benefits of IVHS and ITMS. This is 
not a new issue. It has been raised regarding 
TDM, congestion pricing, IVHS, and other 
programs. The user may not comprehend what 
a term like "experimental design» means, and 
may not care. It is the user who is paying the 
bill for these systems, however. Thus, the user 
deserves some assurance that these systems and 
programs are providing their money's worth­
that they will indeed see benefits. 



I fear that many of our grand schemes are 
littered with speculative and unproven benefits. 
These are often promised without informing the 
users that these will be achieved only if accom­
panied by radical changes in travel behavior. 
Thus, many of these programs may be based on 
unrealistic expectations, because we have not 
shown that we can truly deliver the projected 
benefits. As we move forward with ITMS 
projects, it is important that we focus on pre­
senting a realistic picture of the benefits of 
ITMS. We also need to distinguish between 
demonstrations, where we are simply trying to 
show that we can develop and operate system 
elements, and field experiments, where the 
impacts and benefits are being measured and 
evaluated. 

I think the institutional issue that concerns 
me the most relates to the "B" word­
bureaucracy. It is no secret that we are in an era 
of mistrust in government. This has been evident 
here in Orange County and in other parts of the 
country. So far, however, I think we have been 
fairly successful in the transportation field at 
keeping transportation in a good light in the 
public eye. For example, we have been success­
ful in California in getting increased funding for 
transportation projects approved at the state and 
local levels. There are a number of reasons for 
this. The agencies that are receiving these funds 
are viewed as performing well. Caltrans contin­
ues to set new records in getting projects out for 
contracting and here in Orange County the 
development of the Route 55 carpool lanes was 
done in record time. 

As new projects come on line, however, we 
have to be aware of numerous new issues and 
requirements. Both ISTEA and the Clean Air 
Act Amendments are spawning new programs, 
new regulations, new fees, new permits, and 
new required approvals. As we move forward 
with ITMS we should be careful to streamline, 
to coordinate, and to consolidate, rather than 
build weighty new governmental structures. 

Over the course of the symposium, I think 
you will hear a number of good examples of 
solutions to the institutional issues associated 
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with ITMS . These include the Smart Corridor 
project, the Anaheim Traffic Management 
Center, and the Los Angeles Freeway Service 
Patrol. 

There are number of other points I would 
like to cover relating to the need to look beyond 
just smart corridors to focusing on whole smart 
systems, the short-term tools for managing 
congestion offered by ITMS, and the somewhat 
disappointing results to date for many voluntary 
ridesharing and TDM programs. However, let 
me close by offering one final observation. 
Although it is important to understand the feder­
al, state, and local perspectives, it is really the 
user that is the client we need to focus on. We 
need to pay attention to the needs and wants of 
the customer and how they are willing to be­
have. The most successful businesses are those 
who know their customers and meet the needs of 
these customers. I think ITMS has the potential 
to be the ultimate public/private partnership with 
the public providing the systems in response to 
the needs of the private users. 



Session Two 
Presentation of ITMS White Papers 
Leslie N. Jacobson, Washington State Department of Transporlation - presiding 

What is ITMS? 

Herman E. Haenel 
Advanced Traffic Engineering 

I would like to thank Les Jacobson for his 
assistance as a co-author of this paper. The 
ISTEA and the Clean Air Act Amendments have 
provided needs and challenges for close coopera­
tion between governmental agencies within 
urban metropolitan areas. Further, the predic­
tions for increasing congestion support this need 
for cooperation between city, county, state, and 
federal agencies. Studies have shown that if 
nothing is done to relieve congestion, delay on 
freeways will increase by approximately 430 
percent within 20 years and delay on city streets 
will increase by approximately 240 percent. 

During the 1970s and early 1980s, TSM 
projects improved traffic operations consider­
ably, even though many were provided only on 
a piecemeal basis. During the 1980s, however, 
congestion began to increase significant! y. 
Today's traffic and transportation requirements 
challenge agencies to view the transportation 
network as one system and to begin integrating 
many aspects of the urban transportation system. 
It is necessary to view the transportation net­
work as one system and to bring together and 
coordinate as many aspects of transportation 
management as possible. 

Further, the opportunity to develop integrat­
ed traffic management systems is with us at 
present. Many systems developed under the 
federally-funded TOPICS program for improving 
traffic operations are becoming obsolete. Also, 
developments in automating traffic management 
for public transportation have increased signifi­
cantly, providing further opportunities to bring 
transit within an integrated system. Communica­
tion capabilities and systems have improved. 
Telecommuting, through the use of satellite 

13 

offices, makes it easier to route traffic over short 
distances. All of these elements, and others, 
make this an opportune time to develop ITMS . 

ITMS brings together all aspects of transpor­
tation management within a community. We 
often think of ITMS as coordinating hardware 
with software elements, traffic signal systems 
with freeway management systems, and motorist 
information systems. These are all parts of 
ITMS. However, they are not the only elements 
of ITMS. In order to carry out ITMS as a 
coordinated operating system, it is necessary to 
bring together all aspects of traffic management. 
These include the following four elements: an 
integrated approach to transportation manage­
ment, resource integration, sharing information, 
and integrating hardware and software systems. 



The way in which we view the transportation 
system is one of the critical elements of the 
ITMS concept. Everyone involved must believe 
that the entire metropolitan network will function 
as a single system. This includes administrators, 
managers, planners, traffic and transportation 
engineers, and the operators of these systems. 
All of these people and their agencies must work 
together, cooperate, and support each other for 
a successful program. Institutional issues be­
tween these groups must be addressed and 
overcome. 

The integrated approach to transportation 
management draws together all efforts to create 
a balanced system. For example, when conges­
tion is severe, the demand can not be accommo­
dated with only modified control strategies. 
Motorists must be encouraged to change routes, 
change modes of travel, or change travel times. 
Assistance must also be provided to motorists 
when incidents occur and accurate information 
must be provided to other motorists on the 
facility. Further, if motorists are informed, they 
must be able to change routes and have adjust­
ments made to traffic signals and freeway traffic 
controls for rapid movement to their destination. 

Research also represents an important part of 
the integrated approach to transportation man­
agement. Research will become even more 
important as we move forward with the develop­
ment and operation of ITMS. Research is needed 
in all phases of ITMS and will play an important 
role in solving problems that will emerge as we 
move forward with development. Research feeds 
design and implementation. Design and develop­
ment in turn provide input for future research. 

Training is another important area to be 
addressed in implementing ITMS. Training is 
needed to ensure that the results of research 
studies are properly implemented and that sys­
tems are properly designed, operated, and 
maintained. Ongoing training will be needed to 
keep pace with changing technologies. 

The second area is resource integration. 
Resource integration involves the integration of 
facilities, personnel, and financing. These re-
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sources apply to combined planning, develop­
ment, and use of HOV lanes, integrated commu­
nications, and traffic control centers. Resource 
integration will reduce the lifetime costs for all 
systems and provide optimum pay back. 

The coordination of the transportation sys­
tem in Houston provides one example of re­
source integration. A regional freeway corridor 
traffic management system has been designed for 
the Houston/Galveston metropolitan area. Each 
freeway corridor is designed for the use of one 
fiber optic cable as a "backbone" for a commu­
nications system which will serve the HOV and 
freeway general purpose traffic lanes along with 
the frontage roads and freeway corridor street 
network. The concept has also been designed for 
one traffic management center which can house 
the city, county, state, and public transportation 
personnel. Also, the financing of the project is 
being coordinated to provide reduced costs to the 
taxpayer. 

The third area is information exchange. It is 
imperative that agencies share information. We 
must develop and maintain communication, 
cooperation, and coordination between all agen­
cies. This can be carried out through periodic 
meetings, and the utilization of management 
teams to permit engineers, planners, enforce­
ment personnel, and other groups to share 
information and jointly solve problems. Further, 
historic traffic and accident data must be shared 
to develop an ongoing traffic data base for 
making system improvements, and real-time 
information must be shared to permit rapid 
response during incidents, recurring congestion, 
and changes in traffic patterns. 

The fourth area is the traffic management 
system. Traffic management systems must be 
designed to ensure that traffic leaving one traffic 
control system can be accommodated by the 
adjacent system. Also, motorists must be given 
accurate travel information so that they can 
make proper decisions. This can be done 
through the integration of the freeway, HOV, 
arterial street, travel information, incident 
management, and IVHS systems. ITMS systems 
need to be capable of adding new emerging 



advanced technologies. Thus, we need to design 
our systems today with the future in mind. 

In closing, I think the integration of traffic 
management systems is a must today. ITMS will 
be increasingly important in the future. Commu­
nication, cooperation, and coordination will be 
required to accomplish this. All agencies must 
focus on developing and operating these integrat­
ed systems in a coordinated and comprehensive 
manner. These agencies and their personnel must 
think of ITMS as one system. A balanced system 
must focus on the four elements I have dis­
cussed: integrated transportation management, 
resource integration, information sharing, and 
integrated traffic management systems. We must 
begin today to develop ITMS to reduce conges­
tion, emissions, fuel consumption, and accidents. 

Institutional Issues of ITMS 

Matthew Edelman 
1RANSCOM 

I would like to introduce the co-author of 
th is white paper, Sergeant Paul Einreinhofer 
from the Bergen County, New Jersey Police. I 
think the fact that Paul is a co-author shows that 
local agencies can think in a regional perspective 
when dealing with ITMS. To twist around a 
much quoted quote, he acts locally and thinks 
regionally. 

I would like to use TRANSCOM and the 
New York/New Jersey area to give you an 
example of why we need to think regionally in 
the development and operation of ITMS. I will 
use the example of a trip from Rockland County 
in northern suburban New York to Queens in 
NYC to show this. 

To make this trip you would first use the 
New York State Thruway, owned by the New 
York State Thruway Authority, with incident 
response provided by the New York State 
Police, and pay a $.40 toll at the Spring Valley 
toll barrier. Second, you would use the Garden 
State Parkway owned by the New Jersey High-
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way Authority, with incident response provided 
by the New Jersey State Police and pay a $.35 
toll at the Hillsdale toll barrier. Third, you 
would get on Interstate 80, owned by New 
Jersey DOT, where incident response is provid­
ed by the New Jersey State Police. Fourth, you 
would use the New Jersey Turnpike Authority's 
Eastern Spur, paying a $.45 toll at Interchange 
17W. You would then get on Route 495 East, a 
New Jersey DOT facility, where incident re­
sponse is provided by a combination of local 
police. At the Lincoln Tunnel, operated by the 
Port Authority of New York and New Jersey, 
you would pay a toll of $4.00 (round-trip) and 
enter into NYC~ Once in Manhattan, you are on 
streets under the jurisdiction of the New York 
City Department of Transportation. Once you 
cross Manhattan, you go through the Queens 
Midtown Tunnel, which is run by the Tri­
borough Bridge and Tunnel Authority, and pay 
a $2.50 toll. This provides access to the Queens 
Midtown Viaduct and Long Island Expressway, 
where incident response is provided by 
NYCDOT and the New York City Police 
Department, and the highway is owned by the 
New York State DOT. 



Obviously, as we move into ITMS, new 
institutional solutions are going to be required to 
address the issues of multiple players I just 
outlined. In the case of the New York metropoli­
tan area, it goes without saying that we will not 
see the legislatures of New York, New Jersey, 
and Connecticut meeting jointly and merging 
their three states for the benefit of traffic man­
agement. Thus, we must deal with the world the 
way it is. An organization like TRANSCOM, 
which recognizes the autonomy of these different 
agencies, serving to coordinate their activities, 
represents one approach. We often call ourselves 
the United Nations of traffic and transportation. 
We do not say this in a frivolous way. Like the 
U .N., we have a good deal of responsibility, but 
we also have no authority to carry out our work. 
Thus, our approach is all based on cooperation. 

TRANSCOM has 14 member agencies, 
which includes the major police departments, 
toll authorities, DOTs, and transit agencies in 
the region. We will soon be increasing to 15, 
with the addition of the Connecticut DOT at the 
end of the year. The functions provided by 
TRANSCOM include incident notification, 
construction coordination, and incident manage­
ment planning, all implemented by an operations 
information center (OIC) that is open 24 hours 
a day. The OIC links major highway facilities, 
transit agencies, state and local police agencies, 
and the broadcast media services. These agencies 
are linked by alpha-numeric pager, telephone 
and fax. The information is sent selectively, 
each agency receives an alpha-numeric page only 
when there is an incident that affects them. 

TRANSCOM is governed, staffed, and 
funded by its member agencies. The current 
chairman is the Executive Director of the New 
York State Thruway Authority. From managing 
a regional consortium, I have learned that it is 
critical to have not only the support and involve­
ment of the CEOs of the various agencies, but 
also the operating staff. The people at the oper­
ating level need to believe in the importance of 
sharing information and alerting others when an 
incident occurs on their facility. When an agency 
calls in an incident to TRANSCOM, knowing 
that TRANSCOM in turn will give them back 

16 

important information on other agencies' facili­
ties, they realize that acting in one's self interest 
and the regional interest are not mutually exclu­
sive. 

In terms of motivation, we have also learned 
that enforcement agencies may be more resistant 
initially to thinking in a regional perspective 
than their engineering colleagues. We have 
found that once they realize the benefits of 
taking a regional approach, though, police 
become the most enthusiastic supporters. 

We also have put together a complete work­
ing inventory of the variable message signs and 
highway advisory radio systems of all the partic­
ipating agencies. These currently represent a 
wide mix of types and capabilities. The key is to 
get all of the organizations to work together in 
providing needed information and respond in a 
regional manner. 

The white paper includes a discussion of 
construction coordination. I think this reflects an 
important aspect of team-building for ITMS. 
Organizing interagency scheduling and coordi­
nation during construction and reconstruction 
can be difficult because each agency is charged 
with getting their projects done on time and in 
budget. The trust that develops when agencies 
realize the operational and political benefits of 
construction coordination can carry over into the 
implementation of ITMS as well. 

The administrative people in the different 
agencies-human resources, accounting, MIS, 
purchasing, auditors, and legal-are another 
group of people you need to reach out to in 
developing new institutional arrangements for 
ITMS. We have found that these groups are very 
important in making sure the programs operate 
smoothly within and between organizations. 
Because these groups are detached from ITMS 
operations and planning, they often are less 
aware that implementing an ITMS takes far 
more interagency involvement than other pro­
jects. With this involvement comes a need to be 
more flexible about procedures. By probability, 
there will be some mutual exclusiveness among 
the regulations of the agencies involved. One of 



the best approaches is to ensure that you have a 
good contracts attorney. We have a great one 
and it really helps set the tone for flexibility by 
all parties involved. 

Funding ITMS 

Alan Clelland 
JHK & Associates 

The white paper focuses on the funding 
approach that has been used in Orange County. 
However, I would like to take a more practical 
approach this morning and provide an overview 
of how an agency can prepare for coordinating 
funding for an ITMS program, using Orange 
County as an example. 

Orange County is networked by a series of 
freeways which reflects the tremendous growth 
experienced in the 1980s. In order to better 
address this growth, Caltrans split the Los 
Angeles/Orange County area and established an 
Orange County district, District 12. However, 
the new district remained dependent upon Dis­
trict 7 for their traffic management system. 

Recently, the district has been making 
significant steps to establish its own Traffic 
Operations Center (TOC). Currently, there is 
also a movement toward the use of toll roads 
which introduces and adds to other opportunities 
for funding of the District 12 TOC and Traffic 
Operations System (TOS). 

A number of agencies are involved in traffic 
management in the Orange County area. This 
includes agencies and organizations that were 
involved in Mobility 2000, are active members 
of IVHS America, and pioneered the use of 
various traffic management and motorist infor­
mation systems. The regional agency, the Or­
ange County Transportation Authority (OCT A), 
is also very supportive of the local agencies. For 
many years, the OCT A has convened a regional 
signal round table where traffic engineers from 
the various local agencies can get together on an 
ad hoc basis and discuss relevant concerns. This 
combination of progressive regional and local 
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agencies has provided a good basis for many of 
the activities currently underway. 

The current traffic management systems in 
the area include freeway surveillance, change­
able message signs, the use of highway advisory 
radio, motorist information systems, and the 
information links between Caltrans District 12 
and traffic management centers in key cities and 
the county. So, you can see the multi-agency 
nature of the program in Orange County. 

As a result of Orange County's growth, 
there is demand for communication links 
throughout the county for surveillance and 
motorist information. One of the key elements of 
the Orange County Operations Study was the 
need for an action plan for the development and 
deployment of ITMS. This is especially impor­
tant to bring together all the different agencies 
and to make sure they are all working in a 
coordinated way. The action plan should be the 
foundation for the multi-agency coordination. A 
different form of cooperation is needed at this 
stage than the cooperation needed during the 
operating phase just described by the previous 
speaker. You need to ensure that all agencies are 
moving forward on the same schedule and 
implementing each part in a coordinated fashion. 
The action plan should address this interdepen­
dency of components, identify costs, and clearly 
identify the responsibilities of the different 
agencies. 

I would like to briefly review the action plan 
that was developed for the Orange County study 
to give you an idea of the major components. 
ITMS by its very nature is a complex system. 
The key to implementing ITMS is a phased 
approach. You should not try to take everything 
on at one time. This helps reduce the complexity 
of the program and provides realistic goals. This 
approach also reduces the risks of deploying 
IVHS-both technical and political. If the project 
is not a success initially, you may find additional 
political barriers and issues to address. The 
implementation plan must address the interde­
pendency of the different elements, but identify 
ways that each can be implemented individually. 
Finally, everyone likes success. It is important 



to identify early winners, as this will make it 
easier to move to the next step. 

The Orange County study identified each 
step, the responsibilities of each agency, and the 
schedule. These were incorporated into a sum­
mary to show how each of the individual ele­
ments could be scheduled for deployment. This 
helped each individual agency understand what 
elements it was responsible for and the time line 
for implementation. 

The questions associated with costs and 
funding were then addressed for each of the 
system elements. These were shown on an 
annual basis to provide a clear picture of the 
funding required from each agency. This helps 
focus on potential funding sources. The regional 
agencies have been instrumental in assisting with 
identifying potential funding sources. Having 
identified possible funding sources, the next step 
is to examine the selection criteria. This is 
especially important with the competition for 
funds under ISTEA and other programs. Cities 
and agencies are competing against each other to 
secure funding that is becoming available. It is 
important to know and understand the criteria, 
so that you increase your chances of funding. If 
you have any questions or concerns, be sure you 
check with the funding source. Personal contact 
can help solve a number of problems. 

One of the sessions tomorrow focuses on 
funding, so I won't spend a great deal of time 
discussing the different sources. The key ele­
ment in funding is to understand how one source 
may impact another source and how you can 
leverage your funding to obtain the maximum 
benefit for your project. Often a small amount of 
local funding can be combined with regional or 
state funds to leverage federal funds. Local 
sources may include fees on new development, 
trust funds, toll revenues, sales taxes, and local 
motor vehicle registration fees. At the state 
level, potential funding sources include gasoline 
taxes, independent IVHS research funds, motor 
vehicle registration fees, and the Petroleum 
Violation Escrow Account. Sources at the feder­
al level include ISTEA, specifically those pro­
grams associated with the National Highway 
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System, the Surface Transportation Program, 
and IVHS research. 

The next step is to match the different 
funding programs with the appropriate system 
elements. Given the dynamic nature of the 
funding programs, it is important to continue to 
monitor these programs and make changes as 
needed. The main source of funds for the 
Orange County ITMS has been the state TSM 
program. This program has been very successful 
in funding a variety of components of ITMS. 

In closing, I think there are a number of 
lessons that can be learned from the work being 
done in Orange County. These include establish­
ing a good working relationship between the 
local, regional, and state agencies, developing a 
comprehensive implementation plan, and identi­
fying a realistic funding program. 
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National ITMS Case Studies 
Frank L. Dolan, Monroe County, New York - presul.ing 

Houston Traffic Management System 

Stephen Albert 
Metropolitan Transit Authority of 

Harris County 

Implementing, operating, maintaining, and 
funding traffic management systems in the 
Houston area-with 560 square miles, 5 trans­
portation agencies, and 13 municipalities­
represents a real challenge from the standpoint 
of communication, cooperation, and coordina­
tion. Although the Houston area may not present 
as great a challenge as that described by Matt 
Edelman, it is a significant challenge. I would 
like to provide a brief history of the develop­
ment of the traffic management systems in 
Houston, and the lessons that have been learned. 

Traffic management systems really began 
back in the 1960s on the Gulf Freeway (1-45 
South) with the implementation of a variety of 
traffic management elements, including closed­
circuit television and isolated ramp metering 
devices along a 6 mile stretch. These systems 
were supplemented with call boxes, which were 
located along sections that were not covered by 
closed-circuit television cameras. 

Although many of these projects may have 
been conceptually successful, operationally they 
were unsuccessful. The call boxes in the Hous­
ton area implemented in the 1960s were unsuc­
cessful because at that time a police officer had 
to be present when you removed your vehicle 
from the freeway after an incident. If you tried 
to get a tow truck with one of the call boxes, a 
police officer had to come out first and confirm 
that there was a need for a tow truck before they 
would dispatch one. The call boxes were not 
located where the closed-circuit television cam­
eras could be used to verify the need. 
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Accident investigation sites were also imple­
mented along the Gulf Freeway. The accident 
investigation sites were located under freeway 
overpasses, at shopping centers, and at other 
similar locations. They were well lighted, 
signed, and provided motorists with public pay 
telephones from which tow trucks, police, or 
family assistance could be obtained. The acci­
dent investigation sites were well-utilized initial­
ly because the Houston Police Department 
provided good public information and education 
on their use. As the public information effort 
diminished, however, utilization of the accident 
investigation sites declined. 

Most of these projects were removed as part 
of the freeway reconstruction efforts, and were 
not relocated until some years later. Work is still 
underway on the Gulf Freeway today. 



In the 1970s, as travel demand started to 
exceed the capacity of the roadway system, 
congestion became a major concern for local 
officials. In 1979, an experiment with an HOV 
contraflow lane on 1-45 North was implemented. 
This system proved so successful-it moved 
more people in fewer vehicles, thereby increas­
ing the person movement capacity of the corri­
dor and stabilizing the congestion-that an 
extensive system of HOV lanes has been 
planned, designed, and implemented. Right now 
approximately 47 miles of the planned 100 mile 
system have been completed. 

Although the recession in the mid-1980s 
slowed growth somewhat, the demand is starting 
to exceed the capacity of the roadway system 
once again. Average daily traffic is increasing at 
about 3 percent a year. This has forced all 
agencies in the Houston area to continue looking 
at a variety of strategies for managing traffic. 
Traffic management systems represent one of 
those approaches. 

In Houston, a regionwide approach is being 
taken to implement the traffic management 
system. This involves coordinating the activities 
of the Metropolitan Transit Authority of Harris 
County (METRO), the Texas Department of 
Transportation (TxDOT), the city of Houston, 
and Harris County. Each of these agencies have 
different concerns, and therefore different inter­
ests in traffic management elements. Traffic 
management teams have been used successfully 
in Houston to help coordinate the efforts of these 
different agencies and ensure a coordinated 
traffic management system. You will hear more 
about the use of these teams in one of the work­
shops tomorrow. 

The first element of the system to be imple­
mented is the freeway traffic management sys­
tem. This is primarily a TxDOT and METRO 
project focusing on freeway corridors. A free­
way corridor is defined as the freeway, HOV 
lane, frontage roads, and selected arterial streets. 
These systems are planned to include traditional 
surveillance, communication, and control tech­
niques using inductive loops that detect traffic, 
closed-circuit television cameras to verify any 
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problems, and changeable message signs that 
inform the public of travel conditions or inci­
dents ahead. 

One question that has been addressed in the 
development of these systems is the appropriate 
use of changeable message signs. Recently the 
use of changeable message signs for general 
messages and ridesharing information was 
discontinued in Houston. Now they are being 
used only to provide information about inci­
dents, thereby increasing their target value. 
Ramp metering devices are also in use on select­
ed freeways, as are lane control signals for the 
HOV lanes. These confirm the proper direction 
of travel by advising motorists with a red "X" if 
they are going in the wrong direction. This is 
important because the Houston transitways are 
barrier-separated reversible facilities. 

METRO, in cooperation with the city of 
Houston, is implementing an approximately 
$120 million regional computerized traffic signal 
system that will update and modernize the 
region's current system. One might ask why 
METRO, a transit agency, is actively involved 
in traffic management systems. METRO is a 
very atypical transit authority. In addition to the 
traditional bus and ridesharing responsibilities, 
METRO has a general mobility program that 
provides approximately $1.4 billion per year for 
repaving streets, adding capacity to streets, TSM 
measures, modernizing traffic signals, and other 
similar projects. These are not the typical activi­
ties performed by a transit agency. METRO is 
viewed more as a transportation agency that is 
concerned about mobility in general. 

The selection of an A&E consultant to 
design the central control center is currently 
underway. The center, which will be operated 
by all the agencies, is being designed by 
METRO and will be constructed by TxDOT. 
The design includes a large video display like 
the one at Caltrans, as well as the applications 
for controlling intersections like the Anaheim 
system. 

These elements all focus on the future of the 
traffic management system in Houston. Current-



ly, only a computerized traffic management 
system on about 6 miles of the Katy Freeway 
HOV lane is operational. Thus, it was decided a 
few years ago that short-term strategies for 
reducing congestion needed to be developed and 
implemented. 

Non-recurrent congestion caused by both 
major and minor incidents was one area targeted 
for these strategies. The first element implement­
ed to address this problem was a motorist assis­
tance program or service patrol. This program 
costs approximately $1.2 million per year, of 
which METRO contributes about $750,000. The 
program consists of nine vans operated 16 hours 
a day by the sheriff's department. The vehicles, 
which are provided by the Houston Automobile 
Dealers Association and dispatched by TxDOT, 
assist motorists along the most congested free­
way corridors. 

Non-recurrent congestion caused by traffic 
to and from special events was the second area 
addressed. By pre-planning for the events, it was 
believed that the resulting congestion could be 
reduced. Strategies such as motorist information 
systems, detouring traffic to utilize the available 
capacity of arterial streets, and operating special 
park-and-ride service from shopping centers 
have all been used successfully to help manage 
traffic during special events. 

It also was realized that a good deal of 
information already exists that could be used to 
better manage recurrent and non-recurrent 
congestion. Cooperative efforts with other 
government agencies and their dispatch centers 
were explored. Essentially, this involved the 
collection and dissemination of information 
through TxDOT's interim communications 
center. That effort did not prove to be very 
successful, however, because each of the partici­
pants had their own objectives, which were 
primarily to manage their own fleets. 

An InfoBank system, which provides infor­
mation about reconstruction efforts on a major 
freeway facility, has been implemented in 
Greenway Plaza, a major suburban employment 
center. Monitors were installed to provide 
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current information on incidents and recurrent 
congestion on the freeway. This program has 
been quite successful, and there are plans to 
expand it to the central business district and 
other major activity centers. 

Another project underway in the Houston 
area focuses on the use of traffic probes on the 
freeways to collect information. This demon­
stration project, which is being conducted by 
TxDOT and the Texas Transportation Institute 
(TTI), uses motorists with cellular telephones as 
traffic probes. When these motorists pass speci­
fied roadside markers they enter a code into 
their phones, which is used by a central comput­
er to provide real-time traffic information. This 
has provided valuable information prior to the 
completion of the computerized traffic manage­
ment system. Currently, 200-300 probe vehicles 
are operating in the test corridor, primarily 
during the peak periods. 

These short-term strategies for reducing 
congestion are viewed as the initial stages of a 
fully developed !VHS program in Houston. To 
focus those efforts, an overall program called 
the Houston Intelligent Transportation System 
(HITS) is being developed with the assistance of 
TTI. This will help in coordinating the !VHS 
efforts in the region. The result will be a single 
document that represents a master plan for 
moving forward and applying for the necessary 
funding. 

The Houston Smart Commuter IVHS demon­
stration project also represents a major IVHS 
program in the Houston area. The Smart Com­
muter project has two parts. The first focuses on 
encouraging the use of the HOV lane for suburb 
to downtown trips on the north side of town, by 
providing real-time traffic and transit informa­
tion to approximately 700 homes. The goal of 
this element is to encourage commuters to use 
the park-and-ride lots, bus service, and the HOV 
lane for their trip downtown. The second part of 
the Smart Commuter project concentrates on the 
use of HOV lanes for suburb-to-suburb trips. 
This will involve a computerized, single-trip 
carpool matching system to assist motorists in 
taking advantage of the HOV lane. 



These efforts will represent the initial stages 
of a comprehensive IVHS program in Houston. 
A plan for the Congested Corridors Program has 
been submitted to FHW A. This program encom­
passes a large area and includes a number of 
transportation improvements. These include 
advanced traffic management systems, advanced 
public transportation systems, and the use of 
advanced traveler information systems. 

TxDOT is also examining the use of auto­
matic vehicle identification (A VI) to supplement 
the computerized transportation management 
system that is being developed. The technology 
could be used on both the freeways and the 
HOV lanes to collect current traffic information. 

These IVHS efforts are not just targeted at 
motorists. Commercial users will also benefit 
through the improved movement of goods and 
services in the Houston area. 

One of the lessons we have learned in the 
Houston area is that communication, coordi­
nation, and cooperation are very important. Yet, 
in my opinion there also needs to be a master 
plan that identifies what the goals are, what is 
trying to be achieved, what funding is available, 
and what the responsibilities of each agency are. 
Although each agency has their own goals, it is 
important that a cooperative approach be taken 
that involves all agencies and organizations. 
Developing an overall plan will help in this 
effort. 

In conclusion, the complete implementation 
and operation of these traffic management 
systems is still well in the future for the Houston 
area. It takes a long time to design and imple­
ment these systems. Thus it is important to start 
using the resources currently available to initiate 
elements of the program, such as the provision 
of real-time traffic information. This will pro­
vide the public with early benefits from the 
system and help build public support. 
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INFORM 

David C. Powell 
New York State 

Department of Transportation 

INFORM is a traffic information system for 
Long Island drivers. You may be wondering 
what a Long Island driver is. Although we don't 
tell them, anyone that drives on Long Island is 
a Long Island driver. INFORM grew out of an 
earlier public information effort known as IMIS 
(Integrated Motorist Information System). Be­
cause it took so long to implement the project, 
IMIS had developed a tarnished image. A public 
relations firm was hired and, working with some 
local people, developed the name INFORM. It 
is a nice name and has gotten very good press. 

The INFORM corridor on Long Island is 40 
miles long and about 5 miles wide. It goes from 
Queens in New York City, through Nassau 
County, and out into Suffolk County. At the far 
end is Hauppauge, where the control center is 
located. One of the things we have learned from 
the project is that the best location for the con­
trol center is not at the end of the corridor. In 



the future, we will consider developing a system 
for the Southern State Parkway that could be 
integrated with INFORM. 

I would like to provide you with a brief 
overview of the key system elements. Also, I 
want to summarize some of the major points 
from an evaluation of the system done by JHK 
& Associates. It was an independent evaluation 
funded by FHWA. Local staff members were 
not involved, other than for interviews and pro­
viding some information. I think the evaluation 
was very objective and well done, and provides 
some valuable insights that I would like to share 
with you. 

The system covers 128 centerline miles. The 
backbone of the system is the Long Island 
Expressway, 1-495. I think that one of the 
reasons it was selected many years ago for an 
operations demonstration project is its nearness 
to, and opportunity for diversion with, the 
Northern State Parkway, the Grand Central 
Parkway, the Jericho Turnpike, and the Veter­
ans' Highway. The system also includes a 
number of north/south routes, and it keeps 
growing, which is a positive sign. 

The operations center in Hauppauge has 
three minicomputers. There are 2,400 roadway 
loop detectors, and at last count we had 80 
variable message signs. This number continues 
to grow. We are implementing the first HOV 
lane on the system and there will be a number of 
variable message signs associated with that 
facility. There are 75 ramp meter locations. We 
are also installing some stand-alone ramp meter­
ing to the east of Hauppauge. There are CB 
monitors, 160 miles of coax cable, and 25 
closed-circuit TV cameras, with 9 planned. We 
seem to be having some bid savings here in New 
York State: contractors are cutting corners and 
bidding about 25 percent less than normal engi­
neering estimates. This has allowed us to devel­
op the system more that originally anticipated. 
We have 14 VTIP subscribers, which I will 
describe in a moment, and 126 arterial traffic 
signals. That's the system as it stands now, but 
it is constantly growing. 
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VTIP stands for Visual Traffic Improvement 
Program. It uses the 2,400 loop detectors to 
collect speed information, which is then trans­
ferred from the mainframe computer to PCs. 
Subscribers pay $200 for the software, but we 
will provide it to public agencies free. The 
system displays the speeds on the network, 
updated every minute. We are also hoping to 
start a limited scale demonstration that uses 
voice synthesis to broadcast this real-time infor­
mation over the radio. 

Before the INFORM system was imple­
mented, we noticed that there were times when 
the Long Island Expressway was very congested 
and the parallel Northern State Parkway had 
very little traffic. Without the variable message 
signs and ramp metering, the motorists were 
unaware of the better conditions on the alternate 
route. Thus, the benefits of the system have 
been demonstrated to the public. 

I would like to give you a brief idea of the 
cost of the system. The initial cost of the project 
was about $35 million, although it is probably 
closer to $40 million right now with all of the 
expansions and improvements made to the 
system. An interesting point is that the commu­
nications elements make up about 40 percent of 
the total cost. We are certainly looking for ways 
to save on this significant part of our costs for 
future projects. The system is mostly coaxial 
cable, which is not the state-of-the-art today, and 
there are some problems with it. 

One of the largest headaches has been the 
annual operating costs of the system. A consul­
tant operates the system for us and a mainte­
nance contractor is used as well. The total cost 
is about $5 million per year, which is close to 
10 percent of the construction costs. Ten percent 
has been used as a rule of thumb for the cost of 
operating a system like INFORM. Since this was 
our first big job in the state, our fiscal people 
did not realize it was going to cost this much. 
Every year we wonder what the funding will be 
like, and there are times that our operating 
consultant and maintenance contractor don't get 
their paychecks. 



Last spring some people at the state level 
thought the new ISTEA legislation provided 
operations money from the federal government, 
so they took our allocation out of the state 
budget. When the new fiscal year started in 
April, we had no money to operate INFORM. 
People were working and not getting paid. To 
resolve this problem, we first met with the local 
FHW A representatives and worked out an 
agreement to fund a part of the operations costs, 
but not the maintenance expenses. The next step 
was to meet with the Region 10 office staff in 
Hauppauge and present our case to the MPO, 
where it was included on the TIP. We are very 
fortunate now that we are getting federal funding 
on an 80/20 formula basis. To me this is really 
a commitment from the MPO and the communi­
ty, and I think MPOs have to become more 
involved. It isn't just $5 million for 1 year. If 
you look at it as a 5-year program, that's $25 
million of blacktop that is not going to be put 
down. 

Next I would like to describe the staff of the 
INFORM system. New York State DOT has 8 
full-time people assigned to the project, 6 engi­
neers and 2 clerical workers. The consultant has 
18 full-time and 5 part-time people, and the 
system is operated 24 hours a day. 

We are delighted with the recent evaluation 
report on the INFORM system. At the time 
construction was finishing up, it was decided 
that our department should evaluate INFORM. 
Then FHW A decided to do an independent 
evaluation of the project. I had confidence that 
our system would look good in the report, but if 
it hadn't, we probably would have turned it off. 

With our variable message signs we generate 
14,000 messages per year, 500 a day, and 50 
during the busiest hours. Approximately half are 
manually generated. Incident related delay 
savings are 300,000 hours per year, about 1900 
hours per incident. There are other benefits as 
well. In particular, we use the variable message 
signs during construction and maintenance 
activities and for major events in New York 
City. 

24 

One thing that the evaluation report noted 
was that the effective use and value of the 
variable message signs are highly dependent on 
the diversion potential of the corridor. This 
seems obvious: if there is no alternate route, you 
can't tell motorists to divert. Another main point 
was the importance of accurate information on 
the signs. It does not take long for motorists to 
disregard the signs if the messages are not 
believed to be accurate, so credibility is proba­
bly one of the most important things. 

The results of the project provide a simple 
formula for diversion rules: the percent diver­
sion increases as the directness of the alternate 
routes increases, and the percent diversion 
increases with the increased excess capacity on 
alternate routes. If you put those two together it 
makes sense. Of course, this assumes that the 
quality and accuracy of the information is suffi­
cient. 

The absence of traffic responsive capabilities 
on parallel arterials is the most significant detri­
ment to the potential overall effectiveness of the 
diversion strategies. In other words: if there is 
no facility to divert to, they aren't going to help 
you out much. 

At INFORM, operation of the variable 
message signs consumes about 80 percent of the 
operators' staff time. Between 5 and 10 percent 
of mainline traffic can be diverted when a 
variable message sign is in passive message. 
Passive message is when the sign is simply 
telling you that there are delays ahead, not 
where to go to avoid it. A rule of thumb is that 
if you give a diversion message, that percentage 
would double. So up to 20 percent can be divert­
ed by giving a positive message. 

During the design of an integrated traffic 
management system, the variable message sign 
locations should be associated with special route 
diversion opportunities. You need to think 
through where there is going to be an incident 
and where you would put the sign. When you 
place the sign, put it far enough in advance of 
the exit so the message doesn't get to the driver 
too late. 



Maintenance of the quality of information on 
the variable message signs must be a top priority 
of the system operator. Our studies have found 
out that an automated sign control with human 
monitoring and refinement is the most effective 
way to do it. You just can't do it with a human 
control alone, and you can't do it by automation 
alone, so it is a combination of the two. That 
means you need to have people in the control 
center. 

We found out that bracketing congestion 
areas-for example "delays from exit 34 to exit 
37" -is more effective than identifying the 
length of the congestion-"delays next 3 miles 
ahead." If you had delays between these two 
exits, you could go back maybe four or five 
variable message signs and start giving the 
message ahead of time. We use exit numbers 
because some of the cross expressways or park­
ways have very long names that might not fit on 
a variable message sign. 

We have come to the conclusion that all on 
and off ramps should be detectorized to properly 
evaluate the effect of variable message sign 
operations and provide feedback to the opera­
tors, even if it is not a ramp meter location. 

During the implementation of the system, 
the variable message signs were installed by the 
contractor long before we were ready to turn 
them on. The result was a lot of motorists who 
thought the signs were not working, which is an 
image problem. Because of that experience, we 
have decided that it is better to continuously 
display messages on the variable message signs, 
even if there are normal traffic conditions ahead. 
If there is no message, the drivers may again 
start to think that the sign broken. 

Another thing we do with the variable 
message signs that creates some problems is run 
public service announcements, like promoting 
seat-belt use or discouraging drunk driving. We 
have a committee set up to review requests for 
these messages. The problem is that they are not 
like traffic control signs where you have to get 
FHW A approval. This may be an area where 
research is needed to develop some standards. 
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We may be getting ourselves in trouble because 
this is a very sensitive area, and there is a lot of 
pressure from groups to put their messages up, 
even ones that are not traffic-related. 

As I mentioned earlier, one important thing 
is to minimize the time between installing the 
sign and turning it on. Another important ele­
ment is to incorporate on-I ine testing and opera­
tor training with the software. 

Several sources for inaccuracies in variable 
message sign information were identified in the 
report. First, information can only be bracketed 
to the nearest interchange, which are probably 
less than 2 miles apart. Second, there is a time 
gap for the motorist between encountering a sign 
and arriving at the incident location, so you 
might warn of delays ahead and when the motor­
ist arrives it is already cleared out. Third, 
detector spacing is about a half mile apart, so 
you can be no closer in accuracy that half a 
mile. Finally, there could be failed detector 
stations, but I think our loop detectors are 
working very well out there, or at least I haven't 
heard of any problems. Of course there are also 
errors made by the system operators. 

The ramp metering was also evaluated, but 
the process got kind of fuzzy. The original plan 
was to conduct a 5 week before and 5 week after 
study, but no one anticipated how long it would 
actually take to turn the ramp meters on. We 
were very concerned politically and wanted to be 
right there as each one was turned on. It took so 
long that they decided to measure the speeds 
once all the meters were on in March 1990, then 
they turned them ·off and measured the speeds 
again. There was an 8 percent increase over the 
non-metered case, but when the metered case 
was compared to 3 years earlier, the improve­
ment in speed was 13 percent. One possible 
explanation for this is that INFORM has helped 
commuters plan their trips better; the variable 
message signs were not in operation in 1987, but 
they were in 1990. The p.m. peak wasn't quite 
as good during the 1990 comparison. The meter­
on and meter-off speeds were essentially un­
changed, but when compared to 1987 there was 
a 13 percent increase in speed. 



To summarize, I think a true test for the 
project is the vehicle-miles traveled. During the 
1990 analysis there was a 1 percent increase in 
VMT, and from 1987 to 1990 there was a 5 
percent increase. That clearly shows that the 
ramp meters are working. There was a 7 percent 
maximum increase in the throughput at bottle­
necks due to ramp metering. The average in­
crease was 2 to 3 percent, and some locations 
were unchanged. 

There have been some publications of con­
gestion index numbers, although I think they 
were printed in a way that gave the wrong 
indication. The congestion index is based on the 
number of speeds less than or equal to 30 miles 
per hour. In the March 1990 comparison there 
was a 25 percent decrease in the index, but the 
number that was published was 50 percent. I 
guess you could say it was up to 50 percent 
from 1987 to 1990. 

The phased turn-on of the ramp metering 
worked well. It allowed the necessary traffic 
engineering attention. Instead of turning several 
on at the same time, a traffic engineer evaluated 
and worked with them one at a time. Some of 
the ramp volumes doubled in the time between 
the feasibility study and the actual turn-on. I do 
not think anyone can be faulted for that prob­
lem-it just happened, and it is something to be 
aware of. 

One of the biggest problems is the inability 
to manage queues that back-up on the cross 
streets from a ramp meter. I think the best 
approach is the use of 2-lane ramp meters. It is 
certainly a very efficient solution, and I believe 
we are beginning to use it for INFORM. 

The public relations consultant that was 
hired for INFORM also conducted a study. It is 
interesting because what we as traffic and trans­
portation engineers think is one thing, but this 
was an opportunity to find out what our custom­
ers think. 

The first result relates to the perceived 
accuracy of the information. Seven percent 
indicated that they think the information is 
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always accurate. I would not expect any more 
than that, but I think it's delightful that the 
"usually accurate" response got 56 percent, and 
when you add that to 7 you're up around 60 
percent. The usefulness of the information on 
the variable message signs was the next ques­
tion. It surprised me that "very useful" got 29 
percent and "moderately useful" got 48 percent. 
When you add the two together you get 77 
percent. Only 3 percent responded "never use­
ful." I expect that in a normal sample you would 
get more than 3, so that looked pretty good. For 
the travel time comparison, 43 percent agreed 
exactly and 35 percent differed by only one 
interchange, which was pretty good. Another 
significant response was to a question about 
route changes. Forty-six percent indicated that 
they "sometimes" divert. I think that is very 
good for a system like INFORM where the 
drivers are not forced to divert. 

Here are some of the things that were listed 
as threats to the evaluation. First is the occur­
rence of incidents. They should be screened out 
because they will create problems with the data. 
During the winter in northern climates there is 
no construction activity, but there is inclement 
weather. As soon as the weather breaks, road 
construction begins. This gives a bias to the 
evaluation. There were also time-:related factors 
because the implementation took so long. The 
evaluation went on for 2 or 3 years, and is not 
as accurate as 5 weeks before and 5 weeks after 
would have been. Furthermore, there were 
seasonal factors, like daylight savings time and 
inclement weather, which added to the complexi­
ty and difficulty of an evaluation like this. 

One issue that may not be that big of a 
problem is designing easy access to variable 
message signs. You don't want to have to block 
traffic lanes for the maintenance contractor to 
get in there. 

One thing that is important is the construc­
tion phasing of high visibility devices like ramp 
metering and variable message signs. As I 
mentioned previously, they should not be in­
stalled and just sit there for 2 years before being 
turned on. 



In any high volume corridor there are al­
ways going to be construction projects, which is 
both an opportunity and a threat. I think the 
people that run our system have been able to use 
those projects as opportunities to upgrade and 
improve the system, adding closed-circuit TVs 
and other elements. 

Our department elected to hire a design 
consultant that helps integrate other corridor 
construction projects with INFORM. For exam­
ple, if we have someone designing an inter­
change, we do not have that particular consultant 
design the INFORM features. Rather, we use 
one that works directly for our traffic people. 
They learn how to do it and they are very 
skillful at it. I think this has been a very positive 
element. 

One of the problems that I think is a criti­
cism of the consultant, and probably us for not 
catching it, has to do with replacement parts. 
The problem is when you design a project and 
there is no supplier 3 years down the road when 
you run out of parts. This is something that 
needs to be addressed. 

The location of the control center probably, 
we now think, should not be at the east end of 
the job but towards the middle. I think we are 
going to be looking at the issue of moving the 
control center in the not too distant future. This 
might come out of some IVHS funding we are 
looking at in the Long Island area. 

One of the big things that we did had to do 
with the communications cable. We had to cut 
costs when we let the job originally and could 
not afford to put conduits in, so direct burial 
was used. The first year of operation there were 
200 cuts by our own contractors and mainte­
nance people. We should have put it in conduit, 
I think that is a must. 

In conclusion, I think that the bottom line is 
to look at the benefit and costs of the system. 
The benefit/cost for the March 1990 comparison 
was 1. 82. When comparing 1990 to 1987 the 
benefit/cost was 8.27. Those estimates were 
made using $8 an hour delay time. The regional 
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planning people in the Long Island area thought 
that the value should have been about $14 an 
hour, so I think the benefit/costs are even high­
er. Regardless, it is pretty obvious that the 
project is a success. 

Gardiner-Lake Shore Corridor 
Traffic Management System 

W. Leslie Kelman 
Municipality of Metropolitan Toronto 

Transportation Department 

The Gardiner-Lake Shore Corridor consists 
of an urban freeway (the F. G. Gardiner Express­
way) and a parallel signalized arterial (Lake 
Shore Boulevard), which together form a major 
access route into downtown Toronto. Corridor 
traffic management systems have traditionally 
focused on freeway and arterial traffic opera­
tions, employing subsystems such as loop detec­
tors, closed-circuit television cameras, change­
able message signs, low power highway advisory 
radio, and ramp metering. However, the Munic­
ipality of Metropolitan Toronto Transportation 
Department recognizes that it is important to 
integrate other concurrently operating traffic 
management systems which are related function­
ally and geographically. 

There are many good reasons for integrating 
traffic management systems. Foremost, integra­
tion serves to consolidate systems which would 
otherwise be isolated. Integration thereby allows 
for the coordination of activities and enables 
each system to take into account the operations, 
strategies, and capabilities of the other systems. 
Motorists, perceiving the road network as a 
seamless continuum, benefit from an integrated 
system which presents a unified package of 
information to assist them in making decisions 
such as route choice and departure time. Inte­
grating several systems with similar functions 
enables operational efficiencies within the overall 
system. Interactions with external agencies are 
simplified and improved by providing a single 
point of contact with each source/user agency. 
Finally, by facilitating intensive cross-communi­
cation and cross-support among the I inked traffic 



management systems, integration promotes 
synergy. 

The Metro Toronto Transportation Depart­
ment is currently in the process of implementing 
several projects to improve traffic flow within 
the municipality. I will be discussing four of 
these traffic management projects today. Not 
only will the projects be integrated operationally, 
but they will be controlled from one central 
location-the Integrated Traffic Control Centre 
(ITCC). 

The first project is a freeway and arterial 
traffic operations system. As a major commuter 
route into downtown Toronto, the Gardiner-Lake 
Shore corridor accommodates directional peak 
volumes of 8,800 vehicles per hour, with an 
average daily two-way traffic volume in excess 
of 200,000 vehicles. Over 200 major special 
events take place annually at sites adjacent to the 
corridor, including the Canadian National Exhi­
bition, Toronto Blue Jays baseball games and an 
Indy car race. The corridor currently experienc­
es about 7 hours of congestion each weekday, 
divided about equally between morning and 
evening peak periods. High volume weaving 
sections, short merges, poor vertical alignment, 
and extensive rehabilitation and maintenance 
activities on the elevated portion of the Gardiner 
Expressway add to the congestion problems and 
are contributing factors to an accident rate of 6.6 
accidents per million vehicle miles, almost five 
times the provincial freeway average. 

Since capacity expansion is expensive and 
subject to major physical constraints, corridor 
traffic management through freeway and arterial 
traffic operations offers an opportunity to make 
more efficient use of available roadway capacity 
now and in the future. Freeway and arterial 
traffic operations are being implemented in three 
phases. 

The first implementation phase, which will 
be completed in mid-1993, is the detection 
system. Loop detectors are being installed on 
both the Gardiner Expressway and Lake Shore 
Boulevard for the purposes of incident detection 
and congestion monitoring. Closed-circuit televi-
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sion cameras, offering virtually 100 percent 
coverage of both roadways, will also be in 
place. Detection and surveillance subsystems 
will be linked via a fiber optic trunk to the 
ITCC. Real-time detection will enable prompt 
emergency response through external interfaces. 

The next implementation phase will be an 
advisory system in mid-1994. Changeable mes­
sage signs, located upstream of key decision 
points on both the freeway and the arterial, will 
advise motorists of lane blockages, construction 
activities, and congested conditions ahead. 
Queue monitoring and automatic queue length 
estimation will be important features of the 
advisory system. More detail on events and 
traffic status will be provided by highway advi­
sory radio and enhanced external interfaces with 
the media. 

The final implementation phase, planned for 
late 1994, will be diversion strategies. Arterial 
advisory signs, changeable message signs, 
highway advisory radio, and external agency 
communications will provide diversion messages 
to motorists. Diversion will be based on travel 
time differences between the freeway and the 
arterial. Queue length data will be incorporated 
in travel time calculations for more precise 
estimates. Automatic traffic signal timing/ 
phasing changes and ramp metering will support 
diversion strategies. 

The second traffic management project will 
be a demonstration of SCOOT. SCOOT-which 
stands for Split, Cycle, and Offset Optimization 
Technique-is a computerized traffic signal 
control system that provides real-time traffic 
adaptive control on a signal cycle by signal cycle 
basis. The system incorporates a traffic model 
which predicts delays and stops caused by 
specific signal settings, based on actual traffic 
data detected and processed in the real-time 
model. 

The Metro Toronto SCOOT demonstration 
project encompasses 75 intersections within three 
distinctly different operational control areas. One 
control area includes 42 intersections within a 
grid network of the central business district. 



Another control area includes 13 intersections 
along a major suburban arterial. The third 
control area includes 20 intersections along Lake 
Shore Boulevard, within the Gardiner-Lake 
Shore Corridor. The control areas were chosen 
in order to evaluate the benefits of SCOOT 
under various types of operating and road envi­
ronment conditions. The demonstration project 
is scheduled to be commissioned by September 
1992, with subsequent before/after survey 
studies to be conducted and documented by the 
end of 1992. 

In the future, SCOOT will function as the 
traffic signal interface to the Gardiner-Lake 
Shore Corridor Traffic Management System 
(CTMS). CTMS will provide input to SCOOT 
on suggested diversions from the freeway to the 
arterial, on-going freeway congestion, and the 
onset of freeway congestion. It is intended that 
a proactive response, through additional green 
time required to clear traffic diverted to the 
arterial, will be supplied by SCOOT, if the 
demonstration project is successful. 

The third traffic management project will 
focus on the reconstruction of the Humber 
Bridges. The project involves rebuilding six 
bridges over a 6-year period, beginning in May 
1993. The bridges span the Humber River, 
located at the west end of the Gardiner-Lake 
Shore Corridor. The rerouting of traffic and the 
unavailability of certain ramp movements 
throughout the reconstruction is expected to have 
a major impact on traffic along this heavily 
traveled portion of the corridor. Therefore, a 
local traffic management project in the Humber 
Bridges area is being initiated for the duration of 
the reconstruction. 

Since the initialization of the first phase of 
the Gardiner-Lake Shore CTMS coincides with 
the start-up of Humber Bridges reconstruction, 
there is an opportunity to integrate the two 
projects. Humber Bridges traffic management 
will proceed on the basis that inputs from a 
number of sources-including overview cameras, 
Autoscope video incident detection, and on-site 
crews-will be sent to the ITCC for processing 
and response initiation. The responses will 
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include emergency agency assistance at inci­
dents, the use of accident investigation sites, and 
low-infrastructure advisory techniques, such as 
portable changeable message signs. External 
interface communications for the Humber Bridg­
es reconstruction project will also serve as a 
pilot demonstration of the Traffic Situation 
Room, which I will be describing in a few 
minutes. 

A number of components will continue to be 
used by the Gardiner-Lake Shore CTMS after 
the Humber Bridges relocation has been com­
pleted, including the overview cameras and 
accident investigation sites. The Humber Bridges 
project also provides an excellent test bed for 
new products, such as Autoscope. The results of 
Autoscope tests on traffic monitoring and video 
incident detection capabilities will be applied to 
other situations where imminent construction 
makes loop detectors impractical. 

The final project is the Traffic Situation 
Room (TSR). The concept of the TSR is cur­
rently being planned and developed by the Metro 
Toronto Transportation Department. The pur­
pose of the TSR is to act as a communications 
and coordination center among transportation, 
media, and other agencies to improve the overall 
efficiency and operation of the transportation 
system in the greater metropolitan Toronto area. 
Input from the Gardiner Lake-Shore CTMS and 
the urban Traffic Signal Control System (includ­
ing SCOOT) will be combined with other traffic 
and road information to coordinate response to 
traffic events, and to provide user agencies with 
data on overall traffic status. An important role 
of the TSR will be as a central command site for 
major emergencies, drawing on the communica­
tions infrastructure that would already be in 
place. 

Good interfaces with motorists, and with 
third party agencies that make it their mandate to 
redistribute traffic and road information to 
motorists, will ensure the areawide dissemination 
of travel information. Freeway and arterial 
traffic operations subsystems alone, such as 
changeable message signs and low power high­
way advisory radio, are not capable of reaching 



the wide audience accessible through external 
interfaces. 

Given the number of potential external 
interfaces to the TSR, the potential diversity of 
two-way information flows, and the requirement 
for information that is timely, accurate and 
consistent, a central computer data base would 
be used for the entry, storage, processing, and 
retrieval of traffic and road information. A 
variety of dissemination technologies would 
accommodate the diverse requirements of differ­
ent external agencies under different circum­
stances, and would maximize audience exposure 
to the information. 

Linking all these projects together will be 
the Integrated Traffic Control Centre (ITCC), 
which currently is being developed by the 
Municipality of Metropolitan Toronto. A con­
tract for major building renovations was award­
ed in December 1991, and occupancy is targeted 
for February 1993. It is expected that the con­
solidation of various traffic functions will im­
prove the overall management and effectiveness 
of the transportation network throughout metro­
politan Toronto. Among the shared-use areas in 
the building will be a control room, a computer/ 
communications room, and a room that com­
bines the functions of a TSR command post, a 
visitors' viewing room, and an operator training 
facility. 

The ITCC will enable new possibilities for 
information exchange, direct and immediate 
communications, efficiencies in computer and 
communications systems, and design flexibility, 
yielding benefits to all participating user groups. 
The major user groups in the ITCC include the 
Gardiner-Lake Shore Corridor Traffic Manage­
ment System, the Traffic Signal Control System, 
the Traffic Situation Room, and other sections, 
such as the Traffic Data Centre. The building in 
which the ITCC is located is shared by the 
Communications Branch of the Metro Toronto 
Police Department, which includes the 911 
emergency response center. 

In conclusion, the benefits of disaggregate 
traffic management systems are typically too 
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localized to be of great value to motorists. In 
addition, motorists typically do not recognize the 
boundaries of traffic management systems, but 
instead perceive the road network as being 
continuous. True areawide benefits of traffic 
management systems can be achieved only 
through integration. The Municipality of Metro­
politan Toronto is applying this approach to 
several traffic management initiatives, to opti­
mize the benefits of the combined system. 
Central control from the Integrated Traffic 
Control Centre further supports integration by 
facilitating interaction among the systems. 



Session Four 
Planning for ITMS: LA Smart Corridor Case Study 
A. Keith Gilberl, Automobile Club of Southern California. - presiding 

Smart Corridor Introduction 

Jack L. Kay 
JHK & Associates 

Mr. Kay began the panel discussion with a 
general introduction to the Los Angeles Smart 
Corridor project. The major points he made 
during his presentation are summarized below. 

• The purpose of the Smart Corridor project 
was not to dream up new technological toys 
and then find ways to apply them. Rather, 
the needs in the corridor were examined first 
and then appropriate technologies were 
identified. The goal of the project was to 
test technologically advanced methods for 
improving regional mobility. 

• There were three primary objectives or 
functions of the Smart Corridor project: to 
operate the freeways and surface streets at 
their highest level of efficiency, to balance 
the flow of traffic between the freeway and 
surface street systems, and to concentrate on 
the use of motorist information as a control 
option. 

• A series of premises were established for the 
Smart Corridor project. They were to: build 
upon on-going activities, recognize agency 
charters, coordinate the agency responses, 
recognize that it is a demonstration project, 
adapt to on-going research, make it part of 
a regional plan, and work on advance agree­
ments among the agencies. 

• The Smart Corridor project focuses on the 
Santa Monica Freeway, which is one of the 
busiest freeways in the country. The corri­
dor also encompasses 5 parallel and 15 
perpendicular arterial streets. There are 
several agencies that have been integrated or 
linked together through the project, includ-
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ing: CaltranS, the Los Angeles Department 
of Transportation, the California Highway 
Patrol, the Los Angeles Police Department, 
and the Southern California Rapid Transit 
District. 

• The Smart Corridor is really not a control 
system itself. It is more accurately described 
as a central data base for collecting and 
redistributing corridor information. The real 
control goes back out to the various agencies 
and their own systems. An important point 
is that each participating agency in the Smart 
Corridor project retains its traditional role. 

• System elements to maximize the efficiency 
of the freeway and surface streets are: free­
way ramp metering, computer traffic signal 
control, freeway incident detection, incident 
response teams, and freeway service patrols. 

• The project planners did not envision a 
significant amount of diversion from the 
freeway to the surface streets. Rather, they 
wanted to be able to alert motorists of un­
usual conditions before they entered the 
freeway, when they might be convinced to 
use an alternate entrance or route. The 
system elements to balance the flow of 
traffic between the freeway and the arterial 
surface streets are surface street changeable 
message signs and site specific highway 
advisory radio. 

• System elements to gather and manage 
information include: inductive loop detec­
tors, closed-circuit television, changeable 
message signs, highway advisory radio, in­
vehicle navigation systems, call-in services, 
media communications, digital broadcasting 
and teletext. 

• There are a few features that will be used to 
provide operational support for the com-



bined decisions made by the various agen­
cies in real-time. They will include: a com­
bined information data base, shared data 
among agencies (including video images), 
decision support mechanisms, strategies to 
influence route choice, and adaption of the 
network to conditions in real-time. 

• Despite its apparent size and complexity, the 
Smart Corridor system configuration is 
rather simple. Basically, it is a network of 
workstations and high-end PCs; there is no 
large single computer at the center of the 
Smart Corridor project. One important 
aspect to operating this distributed system 
effectively will be to have established stan­
dard operating procedures and agreements 
among the participants. 

Mr. Kay concluded his presentation by 
discussing the use of expert systems for decision 
support in the Smart Corridor. Some examples 
of potential expert system uses include arterial 
incident detection, incident correlation, and 
incident response support. 

Project Development 

S. Edwin Rowe 
Los Angeles Department of Transponation 

Following the general introduction to the 
Smart Corridor project, Mr. Rowe focused on 
the evolution of the project concept and the 
implementation process. He described the fol­
lowing major steps in the process. 

• The process began in 1987 with the develop­
ment of a vision for the Smart Corridor 
concept. At that time, the traffic conditions 
were getting noticeably worse in Los Angel­
es County and continued growth in the 
demand was expected. With very little new 
capacity being constructed, it became obvi­
ous that the existing facilities would need to 
be used much more efficiently. That situa­
tion led to the vision of a network of corri­
dor integrated traffic management systems in 
the county. That concept, which came to be 
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known as the Smart Corridor, drew heavily 
from the experiences of the 1984 Summer 
Olympic Games. The idea received initial 
approval from the Los Angeles County 
Transportation Commission (LACTC). 

• After obtaining initial approval and prelimi­
nary funding, the project moved forward 
into a concept design study during 1989. 
That process involved detailed studies of 
over 40 separate functional elements that 
were being considered for the project. The 
results of those studies were summarized in 
a concept report that was essentially a rec­
ommendation for the system. It had a system 
definition, an idea of the costs, and a project 
plan. The report also contained the results of 
some parallel research conducted by several 
universities. The LACTC approved the 
project, which then went into detailed de­
sign. 

• A systems manager approach was used 
during the detailed design of the overall 
program, which began in mid-1990. Much 
of the work and detailed design was done by 
the operating agencies, like Caltrans and the 
Los Angeles DOT. JHK & Associates, the 
project consultant, was responsible for the 
development of the computer systems and 
software. They were also responsible for the 
integration and advising of the various 
agencies. It was very important that all of 
the elements being developed worked togeth­
er as an organized system. 

• The project is now being implemented, and 
should be completely in place by the sum­
mer of 1993. At that point, the Smart Corri­
dor will go into full operation and a year of 
intense evaluation. Some topics for evalua­
tion will include the various motorist infor­
mation elements, the expert systems, and the 
relationships and coordination among the 
operating agencies. In addition, there will be 
an overall performance evaluation of the 
impact on- the corridor in terms of moving 
traffic, increasing throughput, and increasing 
travel time reliability. Based on the results 
of that evaluation, a decision will be made 



to move forward with an expansion of the 
Smart Corridor concept into other parts of 
the county. 

Mr. Rowe ended his discussion by describ­
ing how the coordination of traffic signals 
operated by different cities in the Smart Corridor 
was being handled. The number of participating 
agencies has been kept as low as possible, but 
there are several municipalities involved. The 
city of Los Angeles has a majority of the inter­
sections in the project, but Beverly Hills and 
Culver City each have a string of intersections 
that are included in the Smart Corridor. 

After looking at how to coordinate the 
signals operated by the different cities, it was 
decided that Beverly Hills and Culver City 
would upgrade their systems to an A TS AC-type 
of system. Rather than having each city develop 
their own control center, the actual control of 
the signals will take place in the Los Angeles 
ATSAC control center. This situation required 
the negotiation of operating protocols and agree­
ments with the other cities that may provide a 
model for future use in other areas. 

Implementation Issues 

David Roper 
Roper & Associates 

The final panelist was Dave Roper. Mr. 
Roper discussed Cal trans' role in the area of 
traffic management, the capabilities it could 
contribute, and its attitude toward participating 
in a joint project like the Smart Corridor. The 
key elements of his discussion are outlined 
below. 

• Many traffic management ideas have been 
tested on the Santa Monica Freeway over 
the years. It provides an ideal laboratory 
because it has the severe problems and 
necessary facilities for testing traffic man­
agement systems. Some of those previous 
Caltrans efforts on the Santa Monica Free­
way included: ramp metering, changeable 
message signs, closed-circuit television, a 
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traffic operations center, standard operating 
procedures, and incident management teams. 
In general, a good traffic management sys­
tem existed for the freeway before the Smart 
Corridor project was initiated, but it was not 
as effective as it could have been. 

• Diversion is a very sensitive issue in inte­
grated traffic management. Caltrans and 
other agencies have almost always relied 
upon voluntary diversion, but it does not 
seem to work as planned. Some motorist 
surveys have been conducted to help under­
stand why voluntary diversion is not very 
effective, and the results are very revealing. 
Many reasons were given for not diverting, 
including getting lost, concerns about per­
sonal security off the freeway, and the 
whole issue of credibility. As an agency, 
Caltrans was also hesitant about the idea of 
forcing diversion because there was very 
little information about the conditions on the 
surface streets, or even about its own free­
ways. 

• It is imperative to develop staff expertise 
within the operating agencies for traffic 
management systems. Over a period of time, 
particularly during and since the 1984 Olym­
pics, both Caltrans and the Los Angeles 
DOT developed the necessary staff for 
operating and maintaining the systems. In 
addition, a very important factor is the 
strong commitments made by both state and 
local agencies to these systems. Too often, 
systems are implemented without enough 
commitment given to their operation. 

• One of the most important aspects of a 
system like the Smart Corridor is interagen­
cy trust. There was a history of trust be­
tween key staff members from Caltrans and 
the city of Los Angeles, but it had to be 
taken a step further. Each organization had 
to be willing to trust the other, because they 
were being asked to share information to 
effectively operate the corridor. Essentially, 
Caltrans had to give up something in the 
interest of the surface streets, and the city 
had to give up something in the operation of 



the freeway. That is a major hurdle that 
must be overcome for a project like this. 

• Caltrans had some specific needs from the 
project. First, it was essential to maintain 
control of their portion of the system. No 
agency would be willing to give up the 
responsibility or authority over its portion of 
the transportation system. Indeed, most 
agencies have enough problems of their own 
without taking on the responsibility for 
operating someone else's facilities. At the 
same time, it did see the need to share or 
coordinate its control for the benefit of the 
corridor. Caltrans also had the need to build 
on what it had already accomplished in the 
corridor. 

Mr. Roper concluded by emphasizing the 
value of cooperation in projects like the Smart 
Corridor. The history of cooperation between 
Caltrans and the city of Los Angeles has been 
helpful when problems arise. It is essential for 
the success of integrated traffic management 
systems to develop cooperative attitudes and 
trust at all organizational levels. 
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Session Five 
ITMS Technology 
Raj Ghaman, Federal Highway Administration - presiding 

ITMS Technology 

Gary E. Euler 
Federal Highway Administration 

Using a series of viewgraphs, Mr. Euler 
provided a framework for thinking about ITMS 
technology. He stressed the need to think of the 
technology aspects of ITMS in a broad and 
comprehensive manner. Mr. Euler covered the 
following major elements during his presenta­
tion. 

• Surveillance and monitoring provides the 
basis for the development of ITMS. The 
four elements of a comprehensive surveil­
lance system include point detection, area 
detection, probes, and A VI/ A VL. All of 
these are needed for a comprehensive sys­
tem. Each provides different information 
that is needed in the system. 

• The information provided through the differ­
ent elements needs to be processed or fused, 
which is a term coined from the military. 
Data fusion is a term applied to the decision 
process utilized with the information provid­
ed by a variety of sources. IVHS provides 
the opportunity to rethink the approach to 
incident detection and develop new tech­
niques and approaches that may be more 
effective in the long run. 

• The processed data can be used for a num­
ber of purposes. For example, providing this 
information to individuals in the home and 
workplace can help improve the travel deci­
sion-making process. The focus of many 
IVHS programs to date has been on provid­
ing in-vehicle information. However, a 
number of recent projects are focusing on 
obtaining a better understanding of the 
different travel markets and the types of 
information travelers desire. It is important 
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to remember that the information provided 
by these systems must be accurate, reliable, 
and based on what people want. 

• The information provided through ITMS is 
also used in the control and management of 
the transportation system elements. These 
include the broad areas of traffic controllers, 
speed advisories, incident management, 
routing, and pricing. 

• There are a number of software challenges 
that will need to be addressed in the devel­
opment of ITMS and IVHS. These include 
dynamic assignment, traffic condition pre­
diction, and combining ITMS and A TIS. 

• A number of issues are associated with the 
communication functions of ITMS. These 
focus on how much information is available, 
how frequently it should be provided, and 
the costs of the different methods of dissemi­
nation. The involvement of the private 
sector will be needed in this area and cre­
ative approaches will be necessary to facili­
tate this involvement. 

• IVHS system architecture is also another 
important area. This wiH establish the basic 
framework for IVHS. It will identify the 
functions to be included and will define how 
the system will be designed. It will define 
the type and nature of the infrastructure 
needed to support the desired functions and 
will outline the components of the system 
for manufacturers and the private sector. In 
essence, it will define what functions are to 
be accomplished and how they will be ac­
complished. 

• The IVHS America System Architecture 
Committee has recommended to the U.S. 
Department of Transportation that a substan­
tial amount of funding be made available to 



support different teams working in parallel 
to sketch out IVHS architecture. The num­
ber of teams would be narrowed the second 
year to focus on designing those system that 
appear most feasible and to identify the 
benefits and costs of these. At the same 
time, the committee recommended a consen­
sus building process that would involve all 
the major stakeholders. This consensus 
building process would reach out to all 
groups and organizations to ensure that they 
understand the issues, process, and have an 
opportunity to participate in the development 
of the system architecture. 

INFORM System Hardware and Software 

Daniel H. Baxter 
Parsons DeLeuw, Inc. 

Mr. Baxter presented on overview of the 
INFORM system architecture. He covered the 
operational objectives of the system, the devel­
opment of the system architecture, and the 
process for adoption. Major points covered 
included: 

• The first step to understanding the complex 
system architecture needed in any ITMS 
project is to understand what the system is 
trying to accomplish. Once the objectives, 
which are often relatively simple, are out­
lined, the system can be designed and devel­
oped to meet these. 

• The INFORM system was built around the 
integrated motorist information system 
(IMIS). The system has built on this with 
functions and enhancements added over 
time. The operational goal of IMIS, which 
was more a control and information system, 
was to marry a freeway traffic management 
system with an arterial street traffic manage­
ment system. 

• The INFORM corridor includes more than 
one longitudinal freeway, which made it an 
ideal setting for the demonstration. Initially, 
the project focused on balancing the utiliza-
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tion of capacity between those freeways and 
the major arterials in the corridor. 

• The selected architecture for the system was 
to implement the freeway controls for all the 
facilities using one rule-based system archi­
tecture. A rule-based architecture basically 
means that a set of rules is developed and 
adopted that apply to each of the freeway 
management segments. The simplest rules, 
which might address failed equipment, will 
apply to a large number of problems that the 
system has to process. Other sets of rules 
are then developed for other issues. A table 
or matrix format is used to i11ustrate these, 
so that each type of problem or occurrence 
has a rule to cover the appropriate response. 

• The integration of the freeway traffic man­
agement system and the urban traffic control 
system was accomplished through the use of 
shared memory. This approach was a rela­
tively simple process, but at the time it 
represented a new technique. It allowed for 
the coordination of strategies for freeway-to­
freeway diversions, freeway-to-arterial 
coordination, and the interface of ramp 
metering and freeway and arterial opera­
tions. 

• Other elements, such as the master control­
ler for the 75 variable message signs, were 
added to the system. Automated message 
generation, capacity balancing through 
traffic diversion, and surface-street sensitive 
ramp metering are three areas the INFORM 
system focused on. 

• Although the hardware is now outdated, the 
basic approach and concepts utilized in the 
development of the INFORM system do 
provide a good model for other areas. 



TravTek 

Robert Rupert 
Federal Highway Administration 

Mr. Rupert provided an overview of the 
basic elements of the TravTek project in Orlan­
do, Florida. He noted that many of the presenta­
tions at the symposium have mentioned the use 
of in-vehicle information and guidance systems. 
TravTek represents the most advanced in-vehicle 
information and guidance system under opera­
tional testing today. Mr. Rupert covered the 
following topics relating to the TravTek project. 

• TravTek is a public-private partnership 
among General Motors (GM), the American 
Automobile Association (AAA), the Florida 
Department of Transportation (FDOT), the 
city of Orlando, and the Federal Highway 
Administration (FHWA). Other major par­
ticipants include: A vis Rent-a-Car, who is 
working with the AAA and renting the 
TravTek cars at the Orlando International 
Airport; Motorola, Inc., who is supplying 
the radio system used to transmit data be­
tween the Traffic Management Center 
(TMC) and the TravTek cars; and Mag­
navox, who is supplying the global position­
ing system (GPS) devices in the cars. 

• There are three major subsystems included 
in TravTek. The first is the TravTek cars, 
which are 1992 Oldsmobile Toronados 
supplied by GM. Second is the TravTek 
information and services center (TISC), 
which is operated by the AAA. The third 
element is the TMC, which was designed 
under a FHW A contract and is operated by 
the city. The TISC serves as the "help desk" 
for TravTek users, with free cellular calls 
provided from TravTek cars. The TMC 
collects traffic information concerning the 
TravTek network, processes it to produce 
travel times, and transmits these times to the 
TravTek cars. 

• The in-vehicle TravTek subsystem includes 
two 386-based microprocessors, each with a 
removable 20-megabyte hard disk. A radio 
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system operating in the 800 megahertz range 
provides communication between the cars 
and the TMC. The cars use a system of 
dead-reckoning and map-matching to keep 
track of their location. GPS receivers are 
added to provide a means of correcting the 
cars' locations. A cellular telephone is built 
into each Toronado and integrated with the 
TravTek equipment. Buttons on the steering 
wheel and the visual information center 
(VIC) in the dashboard are the chief ways 
that the TravTek system interfaces with the 
driver. The VIC is an available option on 
the Toronado and houses the radio and 
climate controls. 

• A variety of screens can be displayed on the 
VIC by the TravTek system. The first 
screen provides a "Main Menu." Options 
are available for viewing a map of the car's 
vicinity, calling for emergency services, 
specifying a destination, or viewing a listing 
of services and attractions. The user may 
also choose to make one of the services or 
attractions a destination. 

• Once a destination has been selected, the 
user has a choice of three routing methods. 
The user may ask for the fastest route, 
regardless of road type; a route may be 
determined that avoids expressways; or a 
routing avoiding tollways may be selected. 
When the TravTek computers determine the 
routing, it is displayed to the user as a 
purple line overlaid on a map of the local 
area. 

• A computer-synthesized voice also informs 
the driver of what the next maneuver is. All 
of these selections are only available while 
the car's transmission is in park. Once the 
car is taken out of park, simple screens with 
arrows indicating the next turn are dis­
played. Mileage and travel time estimates to 
the destination are shown, as are the dis­
tance to the turning street and its name. 

• The only functions available to the driver 
while. the car is in motion are those select­
able from the steering wheel. These func-



tions include "Traffic Report," "Where am 
I," and "Swap Map," the last of which lets 
the driver switch between guidance arrow 
displays and a map display of the car's 
vicinity. If the driver misses a turn or trav­
els off the designated route, a voice informs 
the driver that the car appears to be off the 
route and asks if a new route should be 
calculated. If a new route is desired, the 
driver would press the "OK New Route" 
button, and the TravTek computers will 
determine a new route to the destination. 
The "OK New Route" button would also be 
used if something were to occur along the 
planned route to significantly affect the 
travel time. The voice would suggest that a 
better route may be available, and the driver 
would press the "OK New Route" to see the 
new route. 

• In addition to receiving data, the cars trans­
mit their locations and travel times to the 
TMC every minute. This information is 
combined with information from the city's 
traffic signal system, FDOT's freeway 
system along 1-4, and sources such as media 
traffic reporters, police and emergency 
agencies, and delivery companies. Travel 
times for segments of the roadway network, 
called traffic links, are processed from this 
information. These real-time travel times are 
transmitted to the TravTek cars every min­
ute and are used by the TravTek computers 
in the vehicles to determine the fastest 
routes, locations of congestion, and major 
incidents. At the TMC, the TravTek opera­
tor workstation can display maps of the 
TravTek area. Sections of the roadways are 
displayed in different colors, depending 
upon their calculated travel times and con­
gestion levels. The TMC operator can also 
display the locations of the TravTek cars 
and enter accidents or other incidents that 
impact the traffic network on the operator 
workstation. 

In closing, Mr. Rupert noted that a fleet of 
100 cars driven primarily by out-of-town visitors 
may not result in a great deal of quantifiable 
information from a traffic management point of 
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view. However, the establishment of a TMC as 
a central information collection point is an 
invaluable resource for areawide traffic manage­
ment. The city of Orlando and the metropolitan 
planning organization for eastern central Florida 
view TravTek as an element in an overall traffic 
management plan. Regardless of whether there 
are "smart" cars with which to communicate, 
the TMC is planned to continue operations as a 
cornerstone for integrated traffic management. 

Transit Applications of ITMS 

Ronald J. Fisher 
Federal Transit Administration 

Mr. Fisher discussed the need to take a 
broad view of ITMS development. He believes 
that the development should not just be limited 
to traffic concerns, but also should include 
transit and other modes. During his presentation, 
Mr. Fisher made the following points. 

• Transportation professionals face the chal­
lenge of providing good choices for 
improved mobility to a broad group of 
travelers or users of transportation services. 
While by far the greatest number of these 
travelers are behind the wheel of an automo­
bile, the policy directions contained in 
ISTEA, clean air, and energy legislation 
strongly support developing alternatives to 
single-occupant vehicle travel. 

• Taking a broader view of the responsibilities 
of transportation professionals is not new. In 
the 1970s the Highway Research Board 
became the Transportation Research Board, 
and in the 1980s the Institute of Traffic 
Engineers changed to the Institute of Trans­
portation Engineers. Although actual prac­
tice in the field often lags behind these 
surface changes, transportation will continue 
to evolve in the 1990s to meet increasing 
demands and responsibilities. 

• Traffic management and ITMS should en­
compass a broad focus. The term transporta­
tion management, rather than traffic man-



agement, may more accurately reflect the 
goais and objectives of these programs. 

• This broader view should include the provi­
sion of information to travelers in their 
homes and places of work. Effective alterna­
tives to the single-occupant vehicle will be 
found when all the modes are considered. 
This means looking at all travel options that 
could serve the mobility needs of urban 
areas. The challenge is to broaden the mean­
ing of the "T" in ITMS: it is not just traffic, 
but transportation. Travelers need informa­
tion to help them make educated decisions 
on what time to travel, what mode to use, 
and/or what route to take. 

In closing, Mr. Fisher noted that he would 
be providing additional comments on many of 
these ideas at the closing session of the sympo­
sium. He challenged the members of the audi­
ence to reflect on the traditional mind set of the 
transportation profession. Mr. Fisher recalled 
that when he started to practice as a transporta­
tion engineer in the late 1950s there was no 
community involvement in the highway location 
decision process. This has changed significantly, 
with community involvement playing a key role 
today. Environmental, energy, and social con­
cerns are the driving forces that will impact how 
the profession and decision-makers address 
mobility for travelers in the 1990s. 
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Session Six 
Financing: Leveraging Funds for ITMS 
Mark R. Nonnan, Institute of Transporlation Engineers - presiding 

Federal Funding 

Sheldon G. Stricldand 
Federal Highway Administration 

Mr. Strickland provided a summary of the 
various sources of federal funding available for 
ITMS. These sources focused on the lntermodal 
Surface Transportation Efficiency Act (ISTEA) 
and other related legislation. Mr. Strickland 
made the following major points in his presenta­
tion relating to the provisions of !STEA address­
ing ITMS, the funding available through these 
programs, the requirements to obtain these 
funds, and the procedures to be followed. 

• ITMS, !VHS, and other related advanced 
technology programs are clearly needed to 
deal with current traffic congestion and air 
quality problems. Although it is not easy to 
design, fund, implement, and operate these 
systems, it is clearly worth the effort to 
pursue these projects. 

• ISTEA is supportive of ITMS. The provi­
sions of ISTEA clearly endorse the notion 
that traffic operational improvements and the 
operating costs for these systems are eligible 
for federal funds. This represents a change 
from the old policies. Previously, capital 
costs were eligible, but not operating or 
start-up costs. ISTEA clearly includes "inte­
grated traffic control systems" in the defini­
tion of operational improvements. Start-up 
costs for a 2-year time period and integrated 
traffic control systems are both specifically 
referenced. 

• The three primary sources of federal funds 
within the ISTEA are the National Highway 
System (NHS - $2.8 billion FY 92), the 
Surface Transportation Program {STP - $3. 2 
billion FY 92), and the Congestion Mitiga­
tion and Air Quality Improvement Program 
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(CMAQ - $826 million FY 92). The start-up 
costs available through NHS funds are only 
eligible for a 2-year period. The STP and 
CMAQ programs, however, can fund both 
start-up and long-term operating costs. To 
apply for CMAQ funding, the project must 
be listed in the state implementation plan 
(SIP) and the project must clearly make a 
contribution to improving air quality in the 
area. STP funds are determined primarily by 
the MPO, in consultation with the state. 
CMAQ funds should supplement or aug­
ment, rather than replace, existing operating 
funds. It may be possible to qualify for up 
to 100 percent federal funding under the 
NHS, STP, and CMAQ programs. 

• Before operating a system, however, plan­
ning and design work must be conducted. 
Federal funding sources that can be used for 
planning activities associated with ITMS 
include the two historically available pro­
grams, Highway Planning and Research 
(HPR - $278 million FY 92) and Metropoli­
tan Planning (PL - $116 million FY 92), and 
the new IVHS Planning and Deployment 
Assistance program ($7 million FY 92). 
Funds in this program are targeted for the 
75 largest cities in the country. Areas must 
apply for these funds, which can be used for 
IVHS planning. FHW A division offices 
should be contacted for more information on 
this program. 

• A longer-shot source of funding might be 
the Congestion Pricing Demonstration Pro­
gram (Section 1012 - $25 million FY 92). 
Congress provided this funding to demon­
strate congestion pricing strategies, which 
might include some ITMS activities. 

• In terms of obtaining funding, the ISTEA 
makes it clear that the state DOTs and the 
MPOs are the critical links in the decision-



making process. There are four major activi­
ties within ISTEA that provide support to 
market IVHS and ITMS to decision makers. 
These include the requirements contained in 
the Congestion Management System (Section 
1034), the Clean Air Act and SIP, Metro­
politan Planning and TIP (Section 1024), 
and Statewide Planning and TIP (Section 
1025). The common elements of all these 
are that congestion must be reduced and/or 
prevented, and the project must contribute to 
clean air and air quality improvements. 

• The recommended steps for deployment 
include: 

Develop an areawide Traffic Manage­
ment Plan using IVHS or HPR funds. 
Incorporate these into the Congestion 
Management Plan through the MPO and 
state planning process. 
Obtain endorsement by the MPO as part 
of the Long Range Plan and SIP. 
Include the project in the Transportation 
Improvement Program (TIP). 
The project is then eligible for NHS, 
STP, and CMAQ funding. 

State Programs 

David W. Brewer 
California Department of Transponation 

Mr. Brewer provided an overview of the 
funding programs available in California and the 
approaches that have been used in the state to 
implement ITMS. Mr. Brewer covered the 
following major topics in his presentation. 

• In 1989, new state legislation altered the 
approach used in California to fund ITMS 
and other related projects. This legislation, 
called the Transportation Program for the 
21st Century, anticipated many of the chang­
es made at the federal level in the ISTEA. 
Three different programming documents 
were required as the focus of the program. 
These included the Highway Systems Opera­
tions and Protection Plan, the State Highway 
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Improvement Program, and the Traffic 
Systems Management (TSM) Program. This 
last program is the one most relevant to 
IVHS and ITMS. The TSM program estab­
lished a 10-year funding target of $1 billion 
for traffic management systems, required 
Caltrans to annually establish a priority 
listing of projects for funding, and called for 
the development of congestion management 
programs in the urbanized counties. The 
intent of the TSM program was to provide 
for effective traffic management systems in 
major urbanized areas of the state. 

• Most of the projects funded through the 
TSM program fall within three categories: 
traffic operations centers and related surveil­
lance and information systems, freeway 
ramp metering systems and HOV bypass 
lanes, and traffic flow improvements on 
conventional streets and roads. It was deter­
mined that eligibility would be limited to 
retro-fitting existing projects. It was also 
determined that this program should focus 
on the high-priority congested corridors. 
The annual priority listing is developed by 
Caltrans, based on criteria established by the 
state Transportation Commission. This list 
must be presented to the commission by 
December 1 each year. Funding is then 
allocated to projects during the year, up to 
the limit of the dollars available. 

• The state expects the ISTEA and related 
programs to provide significant funding for 
ITMS and IVHS programs. It is a challeng­
ing time for Caltrans, the MPOs, and others 
to work out ways to coordinate the funding 
and operation of these programs. 

• State legislation that would allow for the 
implementation of the ISTEA programs in 
California is still pending. As a result of a 
conference in February, there is general 
agreement between the state, MPOs, transit 
agencies, and local jurisdictions on how the 
programs should be implemented. Elements 
of this approach include distributing the 
formula funds from STP and the air quality 
and congestion mitigation program to the 



MPOs for programming, broadening the 
definition of TSM to include HOV lanes and 
traffic control measures, and coordinating 
the federal and state programs. Further, it is 
anticipated that the state TSM program will 
be a major source of local match for the 
federal program. 

• It is also anticipated that, although annual 
TIPs will still be required, Caltrans will 
need to make funding commitments several 
years in advance. Thus, the goal in Califor­
nia is to maximize and leverage all funding 
sources for the development of ITMS and 
IVHS. 

Local Programs 

Donald W. Dey 
City of Menlo Park, California 

Mr. Dey provided a local perspective on the 
development of ITMS and IVHS and the use of 
local funding sources. Mr. Dey covered the 
following major points in his presentation. 

• The definition of ITMS needs to be very 
broad. Many elements of the local transpor­
tation system-including transit, police, and 
emergency services-should to be included. 
Further, the link to neighboring systems and 
the regional network is critical. In terms of 
management, both the human and technical 
aspects of the system must be coordinated. 

• The first step in leveraging local funds is to 
identify a problem and the project you want 
to implement to address the issue. Having 
defined the project, you need to identify 
appropriate federal or state funding sources 
and develop the appropriate applications and 
supporting documentation. It is important to 
be aggressive in pursuing these programs. 
Keep in touch with agency representatives 
and the requirements of the different funding 
programs. Maintaining flexibility is also 
important. This will allow you to take ad­
vantage of changes and new opportunities at 
the state and federal levels. Also, be sure 
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you can show results for your efforts. Fed­
eral and state officials are just like local 
officials in that they want to see results and 
benefits from their funding. Thus, you must 
be able to produce and show results. 

• Governmental units, especially at the local 
level, must learn how to package, sell, and 
market their proposals. Don't get discour­
aged if a proposal is turned down. Follow 
up with the funding source and find out 
what the weaknesses of your proposal were. 
Use this feedback to improve your next 
effort. 

• One key element to attracting federal fund­
ing is that the project must have the poten­
tial for technology transfer, or sharing the 
knowledge in other areas. 

• In terms of local projects in California, a 
number of funding sources may be available. 
Potential sources include Caltrans, FHW A, 
regional and local programs, and special 
programs such as the fuel overcharge fund. 
Although each of these alone may not be 
enough for an entire project, when com­
bined, they provide adequate funding for 
most projects. Thus, it is important to lever­
age a variety of funds. 

Private Sector Participation 

Alan Clelland 
JHK & Associates 

Mr. Clelland provided the private sector 
perspective on the implementation of ITMS and 
IVHS. He focused on the issues associated with 
deployment of these systems and the funding 
implications of design/build contracts. Mr. 
Clelland covered the following major topics. 

• The best leverage for obtaining funding is a 
successful program. If you look at the fund­
ing for the early stages of the IVHS program 
you will see a correlation between the suc­
cessful projects and where the early funds 
are being deployed. Thus, it is important to 



develop successful projects and then build 
on this success. 

• A TMS and A TIS are critical elements of 
IVHS. Many of the other IVHS programs, 
such as APTS and CVO, build off of many 
of the elements included in ATMS and 
ATIS. 

• The current responsibility for developing 
ITMS rests with the public sector. The 
typical deployment approach includes pre­
liminary and final design, advertising and 
contract award, construction/technical ser­
vices, system integration, and operational 
support. 

• Three different deployment approaches arn 
often used. These include engineer/ 
contractor, program manager, and design/ 
build. In the classic engineer/contractor 
approach, an engineering or design firm 
carries out the PS&E work. Once this is 
completed, the public agency issues an RFP 
and goes through the selection process. 
Typically, the contract goes to the lowest 
bidder. There are drawbacks to using this 
approach with ITMS and IVHS. Most of 
these focus on the fact that ITMS and IVHS 
projects include a number of advanced 
technologies that many firms may not have 
expertise in. Thus, the agency must maintain 
active involvement in monitoring these 
projects. 

• The program manager approach turns over 
the responsibility for the total implementa­
tion to a program manager. The program 
manger could be an individual within the 
public agency, but typically the agency 
contracts with a private firm for this func­
tion. The program manager is responsible 
for preparing the design and the bid specifi­
cations and monitoring the other elements of 
the process. Typically, the selection of a 
program manager is negotiated, rather than 
a low bid process. 

• In the design/build approach, a single entity 
performs all the work. At the beginning of 
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the process, a relationship is established 
between the agency and the design/build 
firm. The firm will design the system to 
meet the clients needs, will take the prelimi­
nary design through to about the 30 percent 
completion stage, and at this point will 
negotiate the fee for the remainder of the 
contract. The design/build firm then has the 
responsibility to make sure that all the ele­
ments are completed on time. 

• Each of these approaches has advantages and 
disadvantages in terms of the time to com­
plete the project, risk, total program costs, 
and agency resources. The major attributes 
of the engineer/contractor approach an: Lhal 
it matches the current practice, agencies are 
familiar with it, it initially guarantees a low 
bid, and there is only one construction 
contract to monitor. Major disadvantages 
with this approach include the lengthy time 
to implement, the risk of selecting the wrong 
contractor, potential for difficulty in making 
changes, and a high agency staff commit­
ment. 

• Attributes of the program manager approach 
include well defined technical responsibili­
ties, qualification-based selection, ease of 
modification, the potential for significant 
cost savings, faster deployment, and reduced 
agency staff time. This approach is being 
used in some areas. Disadvantages of the 
program manager alternative include the 
length of time to implement and unfamiliari­
ty with the technique among many agencies. 

• The key feature of the design/build approach 
is a faster implementation time and the 
reduction of agency staff demands. The 
single point responsibility is very clear and 
cost savings can be realized through the 
procurement process. The disadvantages of 
the design/build approach are very difficult 
to overcome. The political and institutional 
issues associated with this approach may be 
difficult to address. Further, the total cost of 
the project may not be known until 30 per­
cent of the design has been completed. It is 
also not as flexible as other approaches and 



there are significant demands on agency staff 
resources. 

• In summary, there is no one correct deploy­
ment strategy. An assessment should be 
made for each project on what the best 
approach is. It is important to maintain 
flexibility with whatever approach is used. 
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Session Seven 
Implementation: Lessons Learned 
William C. Kloos, City of Porlland, Oregon - presiding 

Seattle ITMS 

Mark E. Hallenbeck 
Washington State Transportation Center 

Mr. Hallenbeck is involved in a project that 
integrates the signal control systems for two 
independent arterial networks with a real-time 
freeway ramp metering system in Seattle, Wash­
ington. In his presentation, he discussed some of 
the implementation issues that the Washington 
State DOT is expedencing with the system. The 
major points of his discussion are summarized 
below. 

• The project is intended to be a low-cost, 
simple approach to integrate the control 
systems for three parallel facilities. It in­
cludes the signal systems on two arterial 
streets, SR-99 and SR-522, and the ramp 
metering on 1-5. 

• The configuration of the integrated system is 
quite simple. Each of the facilities has its 
own existing control system. The project 
simply added a central computer that com­
municates with the three existing systems. 
That central computer monitors the other 
systems, and when a problem arises, it 
proposes appropriate coordinated responses 
by those systems. 

• Many of the implementation problems have 
not been technical. Rather, they are related 
to the research nature of the project, which 
means that no one has a primary responsibil­
ity to make the system work. The Washing­
ton DOT is very supportive of the project, 
but the resources are not always available to 
address problems quickly. The operators of 
the control systems are responsible for their 
own operations, and this project is attempt­
ing to integrate their efforts. Those operators 
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are willing help when they can, but there are 
not enough resources to make it a priority. 

• The key solution to this implementation 
problem is the dedication of sufficient re­
sources to the project. ITMS and IVHS need 
to be given the necessary priority if they are 
to be implemented and operated successful­
ly. Interested agencies need to decide how 
ITMS and IVHS will fit with their other 
responsibilities. 

• There are some important questions that 
need to be addressed before implementing 
ITMS. First, Which agency will assume the 
lead role? Next, Do all the agencies in­
volved agree with the project and their role 
in it? And last, Do all agencies agree with 
the intended operation of the system? If 
there is agreement on questions like these, 
then it is only a technical issue to implement 
the project. On the other hand, if it is a 
question of political will, then there may be 
problems that cannot be overcome. 

• Other questions also must be considered. 
For example, Do the agencies have the 
technical knowledge to operate and maintain 
these integrated systems? Also, What control 
strategies are already in place, and are they 
being used to their maximum potential? If an 
agency lacks the staff and resources to 
effectively operate and manage its current 
systems, integrated systems may not be an 
intelligent choice. 

• Three suggestions for the implementation of 
ITMS were outlined. First, providing flexi­
bility in the system design is imperative. 
Second, the different agencies should be 
offered different levels of integration and 
control. And third, it is important to recog­
nize that the desired levels of control may 
change over time. 



Mr. Hallenbeck concluded his presentation 
with a discussion of three lessons that have been 
learned in Seattle. First, all agencies must be 
willing participants with a desire to cooperate on 
the project. Second, progress is made at the rate 
of the slowest participant in the system. Finally, 
you must be willing to dedicate the necessary 
resources and staff to the project-you need 
someone whose job it is to make the system 
work. 

Implementation Issues 

Philip Tarnoff 
Farradyne Systems, Inc. 

Mr. Tarnoff has been involved in numerous 
control system projects during his career. Dur­
ing his presentation, he discussed some of the 
implementation lessons learned from those 
projects. 

• Previous experience with integrated systems 
suggests that the non-technical issues are 
invariably bigger problems than the technical 
ones. Those problems include such things as 
project administration, staffing, institutional 
issues, and funding. The technical problems 
and issues are typically more interesting, but 
they can usually be resolved with a compe­
tent staff. 

• There are several lessons to be learned from 
the area of traffic signal systems; and they 
may be equally relevant to freeway systems. 
The signal system market is more mature in 
some respects, and as the freeway market 
continues to grow, many of the same oppor­
tunities and problems will arise. 

• There are currently a number of standard 
signal systems available. Many cities con­
duct detailed surveys of the those systems 
for their own projects. Often, the conclusion 
is that a particular package meets their 
needs. Acquiring that package presents a 
problem when there is a policy for low-bid 
procurement. It generally means writing a 
proprietary ~pecification that is blatantly 
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obvious and may cause trouble. Even worse, 
a city may conclude that none of the systems 
exactly meet their needs, and produce a 
specification that includes the best features 
of all the systems, but no one can meet. 

• Another problem for both signal and free­
way systems is interfacing with various 
manufacturers' equipment. Agencies are 
often forced to deal with a single manufac­
turer of proprietary systems, or to hire 
consultants to develop specialized interface 
software. There is a real need for improved 
standardization of equipment. Other indus­
tries have demonstrated that standardization 
can be successful, and many of the argu­
ments against it do not materialize. 

• A third concern is the desirability of stan­
dardized software. It is hard to believe that 
every agency's problems are so unique that 
they require a completely customized sys­
tem. There seems to be little appreciation 
for the costs of including long lists of unique 
features into an RFP. The costs are rarely 
traded-off against the benefits of those fea­
tures. 

• Finally, on most projects the design and 
implementation consultant cannot be respon­
sible for the procurement of the equipment. 
Instead, the agency is responsible for pro­
curing the equipment for the consultant. 
This is called systems management, and it is 
one way to avoid the problem of picking 
certain packages and then having to specify 
the sole source. The important point is that 
with agency-supplied equipment, it is neces­
sary to consider the agency's procurement 
cycle. Otherwise, significant delays could 
result. 

• There are also a few institutional issues with 
respect to implementation. Some integration 
projects have suffered because of the num­
ber of agencies that were involved. It is true 
that a project will only proceed as quickly as 
the slowest agency is willing or able to. In 
these projects it is critical to get commit­
ments from all the participants. They must 



receive as much priority as other internal 
activities at each agency. Unfortunately, that 
is difficult because no single agency is 
responsible for the success of a cooperative 
project. 

Mr. Tarnoff concluded by discussing a very 
common problem for traffic management sys­
tems: the lack of adequate internal staff to 
operate and maintain them. If internal staff is not 
available, the possibility of contracting out for 
support staff should be considered. It simply 
does not make sense to spend millions of dollars 
on systems that are not going to be properly 
operated and maintained. 

Traffic Management Lessons 

Colin A. Rayman 
National Engineering Technology Corporation 

Mr. Rayman has been involved with traffic 
management projects in several capacities. In his 
presentation he shared some perspectives on 
traffic management from personal experiences in 
the industry, as a client, and as a consultant. His 
comments are summarized below. 

• One of the most important lessons in traffic 
management is that we never seem to learn. 
There are many valuable experiences out 
there, but we have failed to educate our­
selves. That failure may be due to a compet­
itive attitude among agencies, a lack of 
traffic management education at our univer­
sities, or some other reason. Whatever the 
reason, every time a system is implemented 
there is a struggle to justify its existence. 
There is a long history of experiences out 
there indicating that these systems do work. 

• Integration represents a new era in traffic 
management systems. Because of this, there 
is a need for constant education and reeduca­
tion in traffic management. The program at 
Texas A&M University is a noteworthy 
effort to educate our young engineers in 
traffic management. The reeducation effort 
must also extend to our decision makers. 
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• While there are a lot of knowledgeable 
people in the field, there are also a lot of 
naive people. That includes agencies who 
think they want to implement a traffic man­
agement system, but don't really know what 
it involves. It also includes consultants who 
want to provide services, but are not capable 
of doing so. And finally, there are suppliers 
who don't know how their products can be 
applied effectively in traffic management 
systems. 

• There are also some unrealistic expectations 
for traffic management systems. This prob­
lem exists in expectations about project costs 
and the implementation schedule. It is im­
portant to be very clear about what the 
expectations are, given the industry's capa­
bilities. 

• There is a growing assortment of exotic 
traffic management products. The potential 
exists to focus too much on the technology 
and lose sight of the true objectives of a 
traffic management system. This is a danger 
that we need to be aware of. 

• As clients, agencies also need to be aware of 
exactly what they are purchasing, whether it 
is from a equipment vendor or a consultant. 
It really is common sense, but the concept of 
"buyer beware" needs to be emphasized. 

• These systems require a champion within the 
agency for them to succeed. Knowledge of 
these systems and what they are capable of 
is not necessarily widespread. In order to 
implement and operate a system successful­
ly, it takes someone who is willing to defend 
it continuously. 

• It is necessary to think beyond implementa­
tion. That stage is often difficult, but one 
also must think about what is necessary to 
operate and maintain the system. In addi­
tion, there will be advances in the technolo­
gy, which means continuous upgrades and 
changes. These projects do not end once 
they are operational, and that requires a 
long-term vision for the project. 



Mr. Rayman concluded by emphasizing an 
important point about integrated traffic manage­
ment systems. He noted that it isn't just systems 
working together, it is the people who must 
work together. 

Houston ITMS 

Alfred H. Kosik 
Texas Department of Transponation 

Mr. Kosik provided a brief case history of a 
traffic management project on 1-10 West in 
Houston. He used the project as an example to 
discuss some of the lessons that have been 
learned in Texas. The highlights of his presenta­
tion are summarized below. 

• The project involved the instrumentation of 
a 6-mile stretch of HOV lane for surveil­
lance, communications, and control. Design 
work for the system began in 1982. In 1984, 
the project was let and computer equipment 
was purchased. Construction was substantial-
1 y complete in 1985, but the system was not 
put into operation until 1988. 

• The system has an assortment of surveillance 
and control devices, including closed-circuit 
television cameras, inductive loop detectors, 
changeable message signs, lane control 
signals, and an on-site control center. The 
system uses a distributed computer architec­
ture, and the communications are by stan­
dard coaxial cable. 

• One of the biggest problems with the project 
was the fact that it was designed by a com­
mittee. It was a large group that included 
TxDOT, Houston METRO, the city of 
Houston, Harris County, the Texas Trans­
portation Institute, the Houston-Galveston 
Area Council, and consultants and suppliers. 
Because of the size and diverse nature of 
that group, resolving detailed design issues 
was very difficult. 

• The project was initiated because TxDOT 
was planning to reconstruct 1-10. However, 
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there was a funding shortage in the depart­
ment at that time. Houston METRO had 
funds, and they agreed to help finance the 
reconstruction, an HOV lane, and the instru­
mentation. 

• A good working relationship was developed 
between TxDOT, METRO, and the other 
participants. This was built on the previous 
relationships between METRO and TxDOT, 
which were formed during the joint imple­
mentation of the HOV lanes in the Houston 
area. 

• Many of the problems that had to be over­
come were design differences. Some specific 
issues that the design committee struggled 
with were the control system architecture, 
the joint chairmanship of the committee, and 
a proposed fast-track construction schedule 
that had to be coordinated with other con­
struction activities. Developing the specifica­
tions was also a major issue. 

• Some other problems were more typical of 
traffic management projects. For example, 
there was not enough consideration given to 
the operation and maintenance of the system 
during its design, the project inspectors were 
not familiar with either the technology or the 
contractors, and there were weather-related 
delays. Also, the contractors should have 
been given some flexibility to improve some 
of the designs if possible. 



Session Eight 
Overcoming Institutional Barriers to ITMS 
W. Scott Wainwright, Montgomery County, Mary'land - presiding 

Coordination of Governments 

Leslie N. Jacobson 
Washington State 

Department of Transportation 

Mr. Jacobson presented an overview of the 
approaches used in the Seattle area to encourage 
interjurisdictional cooperation on ITMS. Many 
of his comments focused on the FAME project. 
Mr. Jacobson highlighted the following points 
concerning the institutional issues and approach­
es in the Seattle area. 

• The scale and scope of jurisdictions in the 
Seattle area is not of the same magnitude as 
in Southern California or many other parts 
of the country. Thus, with fewer agencies 
and jurisdictions, the institutional issues 
associated with ITMS may be more manage­
able. However, there are still institutional 
barriers and trust issues between agencies 
that must be overcome. 

• Instilling ownership and building consensus 
through the different activities is a major 
focus of the approach taken in the Seattle 
area. Jurisdictional cooperation needs to be 
addressed on both the political and technical 
level. Often the political level may be the 
more difficult of the two. The technical and 
institutional issues include both the equip­
ment and technology aspects of the project 
and the people responsible for planning, 
designing, and operating the systems. 

• Many of the institutional issues are associat­
ed with making changes in the traditional 
roles and responsibilities of the different 
groups or implementing new approaches. 
The Seattle approach started with the attempt 
to understand the needs of the agencies 
involved and to show that the different 
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objectives of these agencies can be accom­
modated within an integrated system. 

• The problems associated with an integrated 
approach were identified and different ways 
of overcoming them were discussed. All 
groups-traffic engineering agencies, transit 
agencies, planning agencies, and other 
organizations-were involved in the process. 

• The first step was to meet with staff from all 
these agencies and discuss their needs and 
concerns. This started the process of build­
ing a consensus for an integrated traffic 
management system. Six options for integra­
tion were developed and presented as part of 
a research project. The Seattle area was 
divided into three subareas and the options 
were presented and discussed in each. The 
level of interest differed among the areas, 
and the area expressing the most interest 
became the focus for the next steps. 

• The approach of taking small, incremental 
steps to develop and implement the integrat­
ed system was followed. This included 
starting with a demonstration project, which 
focused on the 1-5 corridor to the north of 
downtown Seattle. 

• It is important to realize that not all agencies 
and organizations have to agree on all of the 
system objectives. Integrated systems can be 
developed to meet the different needs and 
objectives of the different agencies. Howev­
er, it is important that a consensus exists on 
the general approach and the general objec­
tives of the system. 

• Funding is also important. All groups must 
feel that they are providing an equal and 
equitable amount of funding. Further, they 
must feel the benefits they receive are worth 
their commitment of funds. 



Texas Traffic Management Teams 

Steven Z. Levine 
Texas Depanment of Transportation 

Mr. Levine provided a summary of the use 
of traffic management teams in the Houston 
area. These teams have been used successfully 
over a number of years on a variety of projects. 
Mr. Levine covered the following points in his 
presentation. 

• The traveling public does not always realize 
who is responsible for the different transpor­
tation facilities, nor do they really care. 
Their major concern is that the facilities are 
maintained and operated to serve their 
needs. To accomplish this, traffic manage­
ment teams-comprised of representatives 
from all the different agencies responsible 
for the system-have been used in many 
areas. 

• The first traffic management team in Hous­
ton was formed in March 1981. The initial 
focus of this group was on the development 
of the Houston HOV lanes. This effort 
established the communication links and 
cooperation between agencies that continues 
today. The team has been meeting once a 
month for 11 years and the success of many 
projects in the Houston area can be traced to 
this coordination and cooperation. 

• The traffic management team has addressed 
a number of issues. These include coordinat­
ing traffic control plans for major construc­
tion projects, enforcement of work zone 
safety and regulations, coordinating truck 
routings and the movement of hazardous 
material, developing plans for incident 
management, and coordinating transportation 
and special events. 

• The team has recently been reorganized to 
provide for subcommittees to address specif­
ic problem areas and projects. Incident 
management and special events are the two 
areas currently being examined by the sub­
committees. The use of these subcommittees 
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allows a smaller group to focus on a specific 
issue and helps resolve them in a more 
timely manner. 

• Additional programs have been developed 
through the cooperative efforts of the traffic 
management team. An example of this is the 
successful Motorist Assistance Patrol. 

• The team has also helped with public infor­
mation, especially through participation in 
the annual Houston Automobile Show. 
Further, the team has been assisting with a 
variety of !VHS-related demonstration pro­
jects that are being implemented in the 
Houston area. 

• Funding for the traffic management team has 
been borne by each of the involved agencies. 
Capital improvements for the different 
projects and programs are funded by the 
respective agencies. 

• The team has withstood the test of time and 
is being viewed as an integral part of the 
activities associated with developing ITMS 
and IVHS in Houston. 

Anaheim's Katella Corridor 

Dr. Michael McNally 
University of California-Irvine 

Dr. McNally provided an overview of the 
institutional issues associated with the Katella 
Corridor project. This project is one part of the 
ITMS program for the city of Anaheim. Dr. 
McNally summarized the following points 
concerning the Katella Corridor project. 

• The Katella Corridor project focused on 
interjurisdictional coordination of traffic 
signal timing. Four cities, Orange County, 
and Caltrans were all involved in the pro­
ject. The first question addressed in the 
project was, Is interjurisdictional cooperation 
necessary for an coordinated signal system? 
The second question was, Is such coopera­
tion feasible? 



• The need for cooperation at the hardware, 
signal, and institutional levels were all 
examined. Key factors at the institutional 
level included administrative, financial, 
liability, and engineering issues. 

• The initial administrative issues were associ­
ated with the staffing, staff training, and 
funding needed to implement the project. A 
key staff person is important to lead and 
move the project along. There is also a need 
for a commitment from higher levels within 
the organization. Financial issues focused on 
the need to obtain funding for the projects. 
A variety of funds were used in the Katella 
Corridor. 

• Liability and engineering issues were also 
concerns. The liability associated with tim­
ing signals between municipalities had to be 
addressed through a series of intergovern­
mental agreements. The engineering issues 
were fairly conventional. These related to 
the technical issues associated with linking 
the different system elements together. One 
issue that needs to be addressed early in the 
process is at what level the system should be 
coordinated. 

• Key elements for successful projects include 
a commitment from all agencies, adequate 
funding, leadership, and expertise. 

Police Perspective 

Sergeant Paul A. Einreinhofer 
Bergen County, New Jersey 

Police Department 

Sergeant Einreinhofer provided a perspective 
from law enforcement agencies in the implemen­
tation and operation of integrated traffic manage­
ment systems. Major points made by Sergeant 
Einreinhofer included the following. 

• Bergen County is home to many corpora­
tions, Giants Stadium, and has a population 
of approximately 850,000. The county is 
also the western terminus of the George 
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Washington Bridge, which serves Manhattan 
Island. 

• Police and law enforcement agencies are 
concerned with the actual operation of the 
transportation system. What looks good on 
paper may not work in actual practice, and 
it is the police and highway patrol that must 
deal with the actual operation of the system. 

• It is important to realize that traffic prob­
lems may not be the first priority for police 
departments. This is especially true when 
traffic problems are compared with life­
threatening situations. Police agencies are 
concerned with how the system functions 
and are interested in deter.mining their ap­
propriate roles in ITMS. Police departments 
are also concerned with the transportation of 
hazardous materials, incident management, 
and public information. 

• Management teams appear to be a good way 
to address many issues. Representatives 
from police and law enforcement agencies 
should be members of these teams. The 
incident command approach is used in 
Bergen County to provide one lead group to 
coordinate responses to major problems. 

• Who is in charge and who pays are al ways 
major issues. Everyone wants to be in 
charge, but no one wants to be responsible 
for the cost of incident management and 
other activities. Reaching an agreement on 
these two issues is important. 

• More sharing of information and coordina­
tion between police and enforcement agen­
cies and the other groups responsible for 
ITMS is needed. Police and enforcement 
agencies should be viewed as important 
elements in implementing ITMS and should 
be involved in the different activities associ­
ated with planning and operating these 
systems. 



Session Nine 
Operations and Maintenance: Keeping ITMS Working 
Joseph M. McDennott, lllinois Department of Tran_sportation - presiding 

Los Angeles Experience 

Anson Nordby 
Los Angeles Department of Transponation 

Mr. Nordby is in charge of the A TSAC 
Operations Division in the Los Angeles Depart­
ment of Transportation. He provided an. over­
view of the signal systems maintenance program 
in Los Angeles, and the significant changes that 
have ·been made as a result of the ATSAC 
system. The major points of his presentation are 
summarized below. 

• Up to the 1970s, the situation in Los Angel­
es was very similar to most other cities. 
There was a mixture of different traffic 
controllers in the system, which required a 
large inventory of spares and equipment for 
maintenance. Furthermore, the signal system 
was interconnected using several types of 
communications. All of that equipment was 
maintained by electricians, and they 
appeared to be fairly successful at keeping 
the system in operation. 

• In 1976, there was an attempt to conduct a 
TRANSYT study of the downtown signal 
system. They found that the signal equip­
ment could not be kept operating well 
enough to perform the study. Each day they 
would discover new failures that had to be 
repaired. 

• That experience led to a signal reliability 
study in the late 1970s. Many systems with­
in the city were surveyed, and they discov­
ered that 24 percent of the traffic signals had 
some sort of failure that was affecting traffic 
flow continuously. Even after a significant 
amount of diligence by the maintenance 
supervisors, the failure rate remained at 
about 24 percent. 
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• In the late 1970s, the city also decided to 
standardize its signal systems with Type 170 
controllers. There was an aggressive pro­
gram to replace the other controllers, which 
eliminated the need for a large inventory of 
spare parts for different types of equipment. 
After a little hesitation, the electricians 
seemed to accept the standardization with 
170s. 

• The first installations of the A TSAC system 
coincided with the 1984 Olympics in Los 
Angeles. It worked very well, and large­
scale implementation of A TSAC was ap­
proved. The A TSAC system involved a lot 
of new technologies that the maintenance 
personnel had never worked with before, 
including fiber optics, digital multiplexing, 
and video surveillance. Many of the older 
technicians resisted the new technology, 
which is not an uncommon problem. 

• As a result, it was necessary to create a 
special maintenance group that did nothing 
but work with the new technologies. These 
technicians are responsible for the initial 
turn-on of the systems, they resolve any 
integration problems that arise, and they do 
training within each of the regional mainte­
nance groups. 

• Once it came on-line, the A TSAC system 
exposed that constant problem of a 24 per­
cent failure rate in the signals. The automat­
ed system is very intolerant of any faults out 
in the field-whenever a problem was de­
tected, the system operators were alerted 
immediately. This led to a significant in­
crease in the number of maintenance calls, 
particularly for intermittent problems that 
were difficult to detect previously. 

• The new system incorporates a significant 
amount of surveillance, which places an 



additional burden on the maintenance activi­
ties. In particular, there is an entire network 
of system detectors in addition to the loop 
detectors at each intersection. This was 
complicated by another city program to 
resurface the streets, destroying some of the 
newly installed detectors. 

• All of these_ problems associated with the 
new system have forced the department to 
reexamine its maintenance program from a 
top-down view. They are attempting to 
reorganize their maintenance structure by 
looking at two things: the fundamental 
maintenance requirements of each piece of 
hardware, and the skills needed to perform 
that maintenance. The intention is to com­
pare those needs with the existing mainte­
nance organization, and restructure the 
organization accordingly. This will also 
reveal any holes in the future maintenance 
program that need to be filled. 

• They are also addressing the problems asso­
ciated with the need for special groups of 
technicians for the new systems. There has 
been an effort to establish a new class of 
maintenance personnel, with a pay bonus to 
compensate for the additional skills that are 
necessary. 

• Because of the serious budget problems in 
the city, a lot of maintenance work is being 
contracted out. All of the advanced, techni­
cal maintenance is still done by the city 
personnel, but contracts are being let for 
other work. One potential solution to the 
financing problem is the federal funds that 
may soon be available for operations and 
maintenance activities. 

Mr. Nordby concluded by noting that many 
automated systems around the country will be 
facing these same maintenance issues in the 
coming years. Although the current emphasis 
seems to be on system implementation, after a 
short period it will shift to the day-to-day con­
cerns of operations and maintenance. 
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INFORM Operations and Maintenance 

David C. Powell 
New York State 

Department of Transportation 

The New York State Department of Trans­
portation has implemented an integrated traffic 
management system on Long Island called 
INFORM. In his presentation, Mr. Powell 
discussed five important elements needed to keep 
a system like INFORM operational. His com­
ments about each of those items are summarized 
below. 

• Funding for operations and maintenance is 
the most important issue. Most transporta­
tion agencies are not accustomed to projects 
that have annual cost for operations and 
maintenance that equal approximately 10 
percent of the constructed cost, particularly 
in the period immediately after implementa­
tion. Funding for capital costs is relatively 
easy to obtain. On the other hand, opera­
tions and maintenance funding is unpredict­
able and difficult for most agencies to se­
cure. 

• Upper-level management support within the 
agency is another important issue. When the 
INFORM project was about to go on-line, 
the department officials were unfamiliar with 
many of the system components and became 
concerned about some of the promises being 
made. They were reassured once they had 
the opportunity to meet with people involved 
in other successful systems. 

• The state has used a different approach for 
meeting the staffing needs of the INFORM 
system. The private sector has been relied 
upon for a significant amount of the work. 
This approach is expected to continue. The 
project involved a collection of entirely new 
technologies, and the state did not possess 
the necessary skills to maintain them. Thus, 
it was always assumed that the maintenance 
work would be done by a contractor. There 
is also a consultant for the operation of 
INFORM. The initial plan was to phase-out 



the use of an operating consultant, but that 
has changed because the current arrangement 
seems to work well. 

• The people who work with INFORM are 
always looking for opportunities to expand, 
enlarge, and enhance the system. Money has 
been made available for an IVHS project on 
Long Island that could be integrated with the 
INFORM system. There are also plans to 
expand the system in several directions, add 
new hardware components, and possibly 
relocate the control center. The state has 
also developed a unique relationship with a 
consulting firm for designing INFORM 
features into other corridor projects. 

The final point that Mr. Powell made was 
that operations and maintenance efforts should 
be decentralized to the lowest possible level in 
the organization. It is very difficult to keep a 
system like INFORM in operation with a top­
down approach from a central office. 

ITMS Operations in Seattle 

Peter M. Briglia 
Washington State 

Department of Transportation 

Mr. Briglia provided a description of the 
efforts being made to integrate traffic manage­
ment systems in the Seattle area. Currently, their 
systems are primarily freeway-based, but they 
are moving toward integration in several areas. 
His comments about those efforts and the opera­
tions and maintenance issues are summarized 
below. 

• The existing traffic management system 
consists of 1,200 loop detectors, 23 metered 
ramps, 55 closed-circuit television cameras, 
22 variable message signs, and 6 highway 
advisory radio stations. It covers about 30 
miles of freeway, and about 7 of those have 
ramp metering. There are plans to expand 
the system to about 60 miles of freeway. 
The system crosses numerous jurisdictions, 
and the expansion will involve several more. 
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A major effort is underway to convince 
those municipalities of the benefits of ramp 
metering, which can be a challenge. 

• The department is also working on plans for 
traffic management systems in the cities of 
Tacoma and Vancouver, Washington. Typi­
cally, there is a lot of discussion about 
interagency coordination for traffic manage­
ment, but it is also necessary to think about 
the integration of different districts within 
the department. Sometimes that can be as 
difficult as integrating separate agencies. 

• One example of a successful integration 
effort is a traffic information telephone hot 
line, 622-CARS. The objective of this pro­
gram is to provide a single source of region­
al traffic information for motorists. In addi­
tion to traffic conditions, it provides con­
struction information and road conditions 
that have been downloaded from city and 
county agencies. 

• There is also a computer-generated graphic 
of freeway congestion information that is 
distributed to other agencies . The system is 
not used very effectively yet, but it does 
have significant potential in an integrated 
system for sharing real-time information 
among agencies. 

• The Seattle area has many miles of both 
freeway and arterial HOV lanes in place or 
being planned. Like freeways, the HOV 
lanes cross many jurisdictions as well, and 
the operation of these facilities needs to be 
integrated in future systems. 

• Currently there are two traffic management 
teams that meet regularly. One of the teams 
is working to implement a multi-jurisdiction­
al traffic signal coordination system south of 
Seattle. A problem with these teams is that 
they are perceived as DOT controlled, and 
it has been difficult to get other agencies to 
participate active! y. 

• There are some specific problems with 
respect to the operation and maintenance of 



integrated systems. The first is that the 
technology clearly out-paces the skills of the 
maintenance personnel. Some typical solu­
tions include additional training or contract­
ing the work out. A different approach is to 
not favor the latest technology, but to select 
hardware than can be supported with exist­
ing capabilities. 

• Another issue is equipment compatibility to 
permit the sharing of data, including video, 
with other agencies and systems. Sometimes 
it is difficult for agencies to effectively 
coordinate their procurement processes to 
ensure compatibility. 

• The department and the State Patrol have a 
good working relationship that includes 
direct connections between radio dispatch­
ers. However, there is a definite lack of 
coordination with the local police agencies in 
the Seattle area. Most suggestions by the 
department to establish direct communica­
tions with the local police have received 
little attention. 

• A different interpretation of integration is to 
integrate the skills of the engineers or tech­
nicians. Most of the staffing for these pro­
jects have backgrounds in civil engineering­
related work, but there is a need for exper­
tise in computers and electrical engineering. 
The perfect employee for these systems 
would be a civil engineer with a strong 
interest in electronics and computer pro­
gramming. 

• Steps also have been taken to integrate 
freeway operations with the other aspects of 
traffic engineering in the department. The 
main objective of this effort is to get the 
signal operations people and freeway opera­
tions people to begin working together, 
which is an essential step in the development 
of a truly integrated system. 

• Finally, some successful efforts have been 
made to integrate transit into the freeway 
operations. In particular, the operation of 
the area HOV lanes is coordinated with the 
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general freeway operations, and there is a 
direct communication link between the 
department's operations center and the 
Seattle Metro dispatchers. Metro is advised 
immediately of changes in the operation of 
the HOV lanes, and is consulted about the 
standard operating procedures of those 
facilities. The arrangement has worked very 
well for both Metro and the department. 



Session Ten 
Getting Started: Southern California Case Studies 
Donald W. Dey, City of Menlo Park, California, - presiding 

District 12 Traffic Operations Center 

Joeseph Hecker 
California Department of Transportation 

The first Cal trans Traffic Operations Center, 
located in Los Angeles, recently celebrated its 
20th year in existence. This center has the 
capability to monitor 391 miles of freeways, 
including some in Orange County. Orange 
County was part of Caltrans District 7 until 
1988. In that year, state legislators responded to 
the citizens' demand for a better transportation 
system by establishing a new Caltrans district, 
District 12, in Orange County. 

District 12 includes all of Orange County, 
which currently has a population of approximate­
ly 2.4 million. The district has an extensive 
freeway system of approximately 140 centerline 
miles and a network of major surface streets. 
Approximately 220 miles of those surface streets 
have been identified as super streets, and empha­
sis is being placed on interjurisdictional coopera­
tion in developing and operating them. Sixty 
percent of the freeway facilities in the district 
are congested. Also, the region falls within the 
South Coast Air Quality Management District 
and is part of a severe ozone non-attainment 
area. 

Orange County does not have a traditional 
downtown business center, nor is there any one 
area that receives a significant majority of the 
traffic. Rather, there are several business/com­
mercial areas throughout the county, including 
east Anaheim, the major activity center of 
Anaheim/Garden Grove/Orange, the civic center 
area in Santa Ana, the Spectrum area in Santa 
Ana, and the Spectrum area in Irvine. There are 
also several tourist areas like Disneyland, 
Knott's Berry Farm, and Newport Beach. Major 
event areas include Anaheim Stadium/ Arena, 
Santa Ana Arena, the Orange County Fair-
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grounds, and the Irvine Meadows Amphitheater. 
Finally, there are retail centers such as South 
Coast Plaza, Brea Mall, and Main Place in Santa 
Ana. In addition, two major universities, a 
major metropolitan airport, and several military 
bases are located in Orange County. 

A number of innovative approaches to 
funding transportation improvements are used in 
the region. The Transportation Corridor Agency 
was created to build approximately 65 miles of 
new highways using development fees and tolls . 
A privatization project has been developed to 
construct an HOV and toll facility in the median 
of an existing freeway. The project is to include 
the most advanced forms of toll collection and 
HOV monitoring. There is an additional privat­
ization project that proposes to extend Route 57 
from the 1-5/SR-57 /SR-22 interchange to the 



1-405/SR-73 interchange. The residents of the 
county also passed a one-half cent sales tax 
increase measure to fund transportation improve­
ments. This will generate approximately $3.1 
billion in local funds over the next 20-year 
period. 

Orange County's daily recurrent congestion 
is currently between 30,000 and 40,000 vehicle­
hours per day. The average systemwide conges­
tion is actually on the order of 60,000 to 65,000 
vehicle-hours per day when congestion from 
holiday, weekend special event, beach, and 
incident sources is included. Since Orange 
County is no longer a bedroom community for 
Los Angeles, workers commute from Riverside, 
San Bernardino, Los Angeles, and San Diego 
Counties to their jobs in Orange County. This is 
due in part to the cost of housing in Orange 
County, which is the highest in the state. 

Commuter lanes and transitway facilities are 
currently under development on major freeways 
in the county. Although drastically needed, these 
improvements are not expected to eliminate 
congestion and must be managed to maximize 
their potential. Also, two of the busiest inter­
changes in the nation currently are under con­
struction with another three projects to begin this 
year, all on Interstate 5. 

Orange County has designated 21 super 
streets. Super streets are major arterials that 
have been selected as candidates for high-flow 
arterial improvements. When used together, 
these improvements-including signal coordina­
tion, channelizing traffic, removal of street 
parking, and widening-will provide substantial 
relief to traffic congestion. 

There are 13 major transportation centers 
throughout Orange County, the largest of which 
is John Wayne Airport. These centers are an 
integral link as mode transfer points. Each 
provides transit services for commuters. All 
locations, with the exception of the airport, are 
served by public transit. The airport is served 
with private taxi and shuttle services. Six loca­
tions are served by rail, and two are designated 
park-and-ride locations. These centers also 
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provide other amenities such as telephones and 
rest rooms, and some have food service and 
bicycle facilities. 

The Division of New Technology, Materials, 
and Research, in cooperation with the cities of 
Irvine and Anaheim, UC-Irvine, and District 12, 
is developing an advanced traffic management 
system (A TMS) test bed to demonstrate the 
latest technology in Orange County. 

Currently there are approximately 39,700 
vehicle-hours of recurrent a.m. and p.m. con­
gestion on District 12's freeways , and approxi­
mately 60 percent of the 242 directional miles 
experience daily congestion. That total represent 
daily averages during the winter months; conges­
tion in the summer is roughly 60 to 70 percent 
of that, or about 25,000 vehicle-hours. 

The recurrent congestion is about half the 
total congestion due to all causes, which includes 
weekends, holidays, special events, incidents, 
and planned lane closures. Each month, an 
average of 60 incidents occur that block at least 
one lane. Also in a typical month, there are 60 
planned lane closures for maintenance on week­
days, and approximately 80 construction lane 
closures and 10 full freeway closures, generally 
occurring during the night. 

A critical sections study showed that 90 
percent of the freeway system in Orange County 
would experience congestion between 5:00 a.m. 
and 10:00 p.m. on weekdays if just one lane 
were closed. Flow rates during most weekday 
periods are greater that 1700 vphpl. Some 
sections experience rates of 1800-2200 vphpl 
almost all day. Computer records show 2-5 mile 
backups due to stalled cars or minor lane block­
ing incidents in the middle of the day. On 
weekends, congestion will occur on approxi­
mately 75 percent of the system if lane closures 
occur between 9:00 a.m. and 2:00 p.m. 

Currently, 46.2 percent of the freeways in 
District 12, or 130.4 directional miles, are under 
surveillance. There are 232 ramp meters, 10 
chan_geable message signs, 7 closed-circuit 
television cameras, and 2 highway advisory 



radio systems installed in the district. In the next 
year, additional equipment will be installed, 
including 27 ramp meters, 8 changeable message 
signs, 19 closed-circuit television cameras, 3 
highway advisory radio systems, and communi­
cations conduit on 30 directional miles. District 
12 has 92.6 directional miles of HOV lanes, and 
18 additional miles will be opened in the next 
year. The full system of 185 miles will be 
implemented by 2001. 

A Traffic Operations Center provides the 
district with the capability to obtain maximum 
utilization of the urban highway system. In early 
1990, the decision was made to set-up a Traffic 
Operations Center in the Caltrans District -12 
facility. The center is a joint Cal trans and CHP 
operation, providing traffic engineering, mainte­
nance, and law enforcement expertise. Roles for 
each agency were established in a joint opera­
tional policy statement. Staffing levels, equip­
ment, and training needs were also established as 
well as targeted activity milestones. 

District 12 opened its interim Traffic Opera­
tions Center in November 1990. The Traffic 
Operations Center serves as the focal point for 
traffic management and information for Orange 
County freeways, providing a rapid and coordi­
nated response to incidents and up-to-the-minute 
traffic information to the media and motorists. 
The center is staffed with law enforcement, 
engineering, and maintenance personnel. It is in 
full operation Monday through Friday, from 5 
a.m. to 7 p.m. The maintenance dispatch is in 
operation 24 hours a day, Monday through 
Friday. Current equipment and activities at the 
District 12 Traffic Operations Center include: 

• Three dispatch areas (maintenance, traffic 
operations, and service patrols) 

• Graphics display showing freeway status 
• Modcom computer 
• Changeable message sign terminal 
• Automatic vehicle detector monitor 
• Highway advisory radio recording studio 
• Ham radio operator console 
• California Highway Information Network 

(CHIN) system 
• Media information officers 
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• Large screen graphics display 
• Thirteen closed-circuit television monitors 
• Media information terminals 
• Computer workstations 
• Two CHP officers per shift 
• Two traffic operations engineers per shift, 

plus a supervisor 
• Two maintenance personnel per day shift, 

one at night 

Because of computer integration, District 12 
is somewhat dependent on District 7-if the 
District 7 computers go down, the District 12 
system would be inoperable as well. District 12 
is in the process of contracting with a consultant 
to install an interim system that will be indepen­
dent but still connected to District 7. The plan 
for the ultimate system is to have District 12's 
Traffic Operations Center integrated with the 
others in Southern California, but operated 
separate! y. 

Sophisticated equipment and computers, the 
so called "bells and whistles," are important, but 
the most critical thing in a successful Traffic 
Operations Center is the cooperative attitudes of 
the people. The center is a reality because of the 
partnership with the California Highway Patrol, 
the maintenance personnel and engineers work­
ing together, the work with local agencies such 
as the cities of Anaheim, Irvine, and Santa Ana, 
and the support of the Orange County Transit 
District. As a result, the district can provide 
better and safer travel in Orange County. 

ITMS Experiences in Los Angeles County 

Dave Barnhart 
Los Angeles County 

Transportation Commission 

Institutional issues comprise approximately 
80 percent of the concerns in implementing 
ITMS. In comparison, the technical issues 
usually make up roughly 20 percent. Funding is 
also a major concern. This afternoon, I would 
like to focus my comments on the development 
of a multi-jurisdictional coordinated traffic 
management system in the Los Angeles area. 



This effort has been underway since 1988. I 
would like to discuss how the process has been 
organized, some of the issues encountered, and 
the current status of the different elements. It is 
important to stress the evolving nature of both 
the process and the system. 

Coordinating the activities of the different 
jurisdictions and agencies involved in traffic 
management in the Los Angeles area is not easy. 
Maintaining ongoing communication among all 
groups and ensuring that everyone is aware of 
the current status of the different activities has 
been an important part of the process. The lack 
of knowledge and understanding about a project 
can often lead to unnecessary opposition-. Thus, 
effective communication is critical to building 
strong coalitions. 

The process in Los Angeles County started 
with the development of a multi-jurisdictional 
committee, called TRAFFIC, formed by the 
county Board of Supervisors. This group was 
responsible for bringing together staff represen­
tatives from the different agencies and organiza­
tions involved in traffic management. In addi­
tion, the committee had two full-time staff 
people from the county Public Works Depart­
ment. These individuals have been instrumental 
in keeping the committee focused on key activi­
ties and following up with specific tasks. A 
consulting firm, JHK & Associates, has also 
performed specific activities in support of the 
committee. These have included both technical 
and institutional issues. 

There are a number of examples of coordi­
nation on a project-by-project basis in the Los 
Angeles area. Many of them have been imple­
mented without a great deal of publicity. How­
ever, we still need to do more, especially in a 
formalized manner. Furthermore, that formal 
approach should be developed through consen­
sus, rather than imposing a solution from above. 

Los Angeles County has approximately 9 
million residents. It is a large urban county, with 
some 10,000 traffic signals operated by 88 
different cities, Cal trans, and the county. There 
are also approximately 500 miles of freeways. 
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This is a relatively small amount given the size 
and population of the county. As a result, rough-
1 y 50 percent of all travel in the county is on the 
surface streets. The interjurisdictional coordina­
tion of traffic signals is a very important element 
of the overall coordination of the traffic manage­
ment system. It is important to remember, 
however, that traffic signal coordination is just 
one element of ITMS. 

The Los Angeles County Transportation 
Commission (LACTC) is a unique organization 
in many ways. It was created by the state of 
California 17 years ago as a programming and 
planning agency. The need for coordination was 
another reason for its creation. The commission 
programs over $2.5 billion annually in highway, 
rail, and bus funding. LACTC also has its own 
sales tax authority. Legislation was passed this 
year that will merge the LACTC and the South­
ern California Rapid Transit District (SCRTD). 
The resulting agency will have responsibility for 
planning, programming, constructing, and 
operating the different modes of surface trans­
portation in Los Angeles County. 



TRAFFIC, which stands for Traffic Reduc­
tion and Free Flow Interagency Committee, is 
comprised of individuals from many different 
jurisdictions and agencies. It includes not only 
engineers, but also representatives from enforce­
ment agencies, trucking associations, and auto­
mobile clubs. TRAFFIC was formed in 1988, 
and was organized around the three "Es:" 
Enforcement, Engineering, and Education. The 
initial focus of the committee was on coordinat­
ing low cost approaches to traffic management. 

Much of TRAFFIC's work is carried out 
through the use of subcommittees. For example, 
the Engineering Subcommittee was responsible 
for the countywide traffic signal synchronization, 
operations, and maintenance program. The goal 
of this project was to establish the system and 
institutional arrangements for operating and 
maintaining a coordinated traffic signal system 
within the county. The first two elements of the 
program focused on consensus building and 
developing an implementation program. The 
third phase, which includes a pilot program, is 
just being initiated. 

During the consensus building it became 
clear that one central approach for all 88 cities 
would probably not work. Therefore, the county 
was divided into smaller sub-regions that provide 
the focus for the project. There are currently 11 
sub-regions in the county. A Signal Support 
Group was established to help with coordination 
and implementation. The emphasis was placed 
on the peak-period operation of the system. 
Several focus groups were held in the sub­
regions as one technique for identifying and dis­
cussing issues and solutions. 

One of the main issues in the second phase 
was determining where the Signal Support 
Group should be housed. The alternatives con­
sidered included both using an existing agency 
or creating a new agency. Other issues were the 
definition of the Signal Support Group and 
development of model interagency agreements 
for timing, operations, and maintenance of 
signal systems. Informational brochures, special 
meetings, and presentations were used during 
this phase to reconfirm the consensus. The final 
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decision on the Signal Support Group was that it 
should be a permanent staff located at the 
LACTC offices. LACTC was perceived as a 
neutral location for the Signal Support Group 
and the commission represents all of the agen­
cies. The staff for this group will be hired soon. 

The pilot project for phase three, which 
focuses on nine cities in the San Gabriel Valley, 
has been initiated. $1 million in "fast start" 
ISTEA funding has been earmarked for this 
project. Now the task of the Signal Support 
Group is to finalize the needed interagency 
agreements. This pilot project is expected to 
provide a model for future programs. 

IVHS Test Bed in Orange County 

Dr. Wil Recker 
University of California-Irvine 

I would like to focus most of my comments 
on the institutional issues associated with the 
Orange County project. To do this, however, I 
would like to first provide a brief overview of 
the major elements of the Orange County IVHS 
Test Bed. This project has evolved over a 2-year 
period from a relatively well-defined, specific, 
and compact project to a larger, more diverse 
effort. 

The program can be traced back to a Cal­
trans A TMS and A TIS initiative started a few 
years ago. The mission of this initiative was to 
expedite deployment of full-function advanced 
transportation management systems, including 
advanced traveler information systems, in Cali­
fornia. A number of more specific goals were 
outlined in the initiative. It is important to 
briefly discuss these, as they influence the 
institutional issues associated with the Orange 
County project. 

The first goal was to provide Traffic Opera­
tion Center (TOC) and Traffic Operations Sys­
tem (TOS) designers and operators with state-of­
the-possible A TMS evaluations based on actual 
field trials. The two key parts of this goals are 
the use of state-of-the-possible technology and 



the evaluation of these based on actual field 
trials. The use of the term state-of-the-possible 
clearly made it a research, rather than an opera­
tions, mission. However, the field trial portion 
of the goal identified the need to not only con­
duct the research, but also to actually implement 
a test. 

The second goal was to enlist technological 
capabilities of private industries in California, 
especially those associated with aerospace and 
communications. This charge clearly established 
the need to bring high technology private busi­
nesses into the demonstration. The third goal 
related to forwarding the California IVHS agen­
da. The fourth goal was to help satisfy the 
implementation of the district's TOC. The fifth 
goal was to foster cooperation among private 
and public practitioners and researchers. This 
supported the second goal and clearly identified 
the need to involve both public and private 
sector groups in the demonstration. The final 
goal, which was to test new ways of doing 
business with the private sector, especially the 
aerospace industry, further encouraged this 
cooperation. 

These goals were identified by Caltrans at 
the outset of the process. The California Test 
Bed, which is basically a research and develop­
ment program, was designed in response to 
these. The partners in the Test Bed currently 
include academic institutions-primarily the 
University of California-Irvine, Cal Poly San 
Luis Obispo, and the whole University of Cali­
fornia System through the PA TH Program, 
Caltrans districts, local cities, and private sector 
businesses. The scope of the program is really 
two-fold. The first is to develop a very aggres­
sive integrated research and development pro­
gram. The aim of this program is to provide the 
capability for real-time computer assisted traffic 
management and communication. The second 
element of the program, which has evolved over 
time, is the development of a statewide facility 
to support IVHS research and development 
applications. This focuses on building and 
equipping a laboratory for IVHS research and 
testing. 
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The physical boundaries of the Test Bed 
currently focus on the area around Disneyland in 
the city of Anaheim. We anticipate implementing 
research addressing network-wide application 
within this area first. A second Test Bed focuses 
on the Golden Triangle area in the city of Irvine. 
Research in this Test Bed will focus more on 
corridor type applications. 

There are three basic dimensions to the Test 
Bed. The first addresses TOC decision support. 
This includes developing real-time computer 
assisted capability to help operators make traffic 
operations decisions. The second is to develop 
strategies or venues from which operators ·will 
be able to choose appropriate treatments for the 
different problems. The last addresses the devel­
opment of management and integration capabili­
ties for all forms of data that will be needed to 
help solve these problems. 

Specific research components focus on 
further refining each of these dimensions. The 
development of real-time knowledge-based 
expert systems represents a major focus of the 
TOC decision support component. Other ele­
ments include AI-type applications for incident 
detection. Strategies being examined include 
research to develop real-time capabilities on 
ramps and arterials, real-time provision of 
traveler information, prediction of individual 
responses to real-time traveler information, and 
on-line response authorization. Strategies relating 
to data base management and communication 
focus on data fusion needs, real-time acquisition 
and transmission capabilities, and risk, reliabili­
ty, and security. 

The best way to highlight the institutional 
issues and opportunities associated with the 
California Test Bed is to review the major 
elements in chronological order. Caltrans initiat­
ed the first discussions on the project almost 2 
years ago. These informal discussions included 
representatives from the district offices, academ­
ic institutions, and private industry. Given these 
early meetings, it is difficult to separate the roles 
of the various participants, particularly in ad­
vancing the oriiinal initiative. However, Cal­
trans had been working with the University of 



California on a regular basis since 1947, and 
decided to use the academic institutions as the 
lead organizations in this effort. 

In September 1990, Caltrans issued a formal 
RFP for A TMS conceptual research proposals. 
Prior to issuing the RFP, Caltrans significantly 
increased their advanced technology budget. 
This may have been done in anticipation of the 
ISTEA programs and funding for IVHS. The 
RFP indicated that two to seven test packages 
would be funded for the fiscal year, ranging 
from simple TOCs to more complex integrated 
system elements. It was anticipated that there 
would be between $18 and $30 million available 
for these projects over a 3-year period. 

In response to the RFP, the initial Advanced 
Test Bed Partnership was formed. This included 
UC-Irvine, Caltrans District 12, the city of 
Anaheim, and two private sector businesses-a 
transportation consulting firm and a major 
aerospace firm. This represents a real mixture of 
groups, with different approaches and working 
styles. A number of steps were taken to make 
this group a full functioning consortium. The 
first step was to establish a partnership between 
the universities and the operating agencies. This 
was done by building on existing agreements. 
The city of Anaheim and UC-Irvine were work­
ing on an FHW A-funded demonstration project 
that had already addressed many of the legal and 
administrative issues. Further, a master agree­
ment exists between Caltrans and the University 
of California System. Under the agreement, 
Caltrans can quickly and easily contract with 
universities. This agreement was used to make 
UC-Irvine the lead agency. The burden of 
subcontracting was then with UC-Irvine rather 
than Caltrans. 

Coordinating operations between Caltrans 
and local jurisdictions was also a significant 
issue. Again, historical cooperation, coordinated 
relationships, and existing agreements were used 
to develop the new arrangements. The final issue 
concerned bringing in the private sector and 
establishing the link between research and the 
technology providers. Again, existing agree­
ments were used to develop this link. The city of 
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Anaheim had a longstanding agreement with a 
particular transportation consulting firm. This 
firm, in turn, had an existing agreement with a 
major aerospace firm. Thus, a basic research 
program was established, tied to a research 
implementation program that built on the 
strengths of the private sector partners. This 
provides for an interconnected and coordinated 
program. 

This approach provided a number of benefits 
for Caltrans. These included the ease of con­
tracting, a rich history of a good working rela­
tionship with the university, the ability to sole­
source subconsulting contracts, and enhanced 
credibility for the program. The city of Anaheim 
brought a state-of-the-art TMC, the start of a 
Test Bed, and aggressive leadership. Caltrans 
District 12 was a new district and the project 
represented a first for them. In addition, the 
district had aggressive young leadership who 
were interested in developing new and innova­
tive projects. The private sector groups brought 
unique skills and the needed advanced technolo­
gies . The city of Irvine was added later as a 
partner using the same approach. 

This group developed a conceptual proposal 
for Caltrans' consideration. The proposal was 
for a 3-year, $12.5 million program with the 
Institute of Transportation Studies at UC-Irvine 
as the lead agency. The basic research element 
was focused at the university and the research 
implementation program was delegated to the 
agencies and private sector partners. A formal 
link connected the two elements. In April 1991, 
a revised 3-year proposal for $9 million was 
resubmitted to Caltrans. This included $5.5 
million worth of subcontracts to the private 
sector firms and the operating agencies. At the 
same time, Cal Poly San Luis Obispo was 
brought into the group. 

Caltrans later split the basic research element 
and the research implementation program into 
two contracts. The basic research element moved 
forward first. Negotiation of this agreement 
occurred from June to December of 1991. At the 
same time, a new master agreement was being 
developed between Caltrans and the University 



of California System. This created some delay in 
finalizing the agreement for the Test Bed. 

The final contract for the basic research 
element was signed in December of 1991, 
however. This 3-year, $2.8 million contract 
established the basic research program in A TMS 
for Caltrans at UC-Irvine, and established a 
statewide Test Bed facility. From January to 
June of this year we have been establishing the 
Test Bed and negotiating the research implemen­
tation program contract. Different approaches 
for private sector involvement are being exam­
ined and the consortium has been expanded to 
include Caltrans District 7 and the city of Los 
Angeles. 
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Session Eleven 
Closing Session: Looking to the Future 
J. Roberl Doughty, consultant - presiding 

Transit and ITMS 

Ronald J. Fisher 
Federal Transit Administration 

I appreciate the privilege of being invited to 
share some thoughts for the future at the conclu­
sion of this symposium on a subject so close to 
my heart. I was here in May, as many of you 
were, for the second Annual Meeting of IVHS 
America. Perhaps you recall the remarks I made 
at that meeting on the paradigm shift the IVHS 
technologies are likely to cause. 

I think the best explanation of this paradigm 
shift is provided in the strategic plan for IVHS 
in the United States: "IVHS is, in fact, a para­
digm shift. The transportation/information 
infrastructure is a new way of looking at, think­
ing about, and improving mobility-a sociologi­
cal as well as a technological revolution." 

The best example I've heard for a paradigm 
shift occurred in the watch industry. The Swiss 
clearly never expected the microchip to make 
such a difference. It provided an alternative way 
to keep and display the time and provide other 
functions that many of us have found useful. 
The Swiss were too focused on their old way of 
doing business. It is important that we do not 
make the same mistake in traffic management as 
the use of IVHS technologies develop. 

I believe IVHS technologies give us an 
exciting opportunity for responding in new and 
improved ways to the constraints now being 
placed on us. We no longer have the budget or 
the space to expand transportation facilities to 
meet growing travel needs. Public policy for 
energy conservation, clean air, and other societal 
concerns is forcing a new look at how we do 
things and the reason for doing them. As a 
result, new responses wiJI be required. 
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My remarks today are focused on providing 
a few examples of how we as transportation 
professionals can work together to achieve 
effective new responses. The integration of 
vehicle management systems and traffic manage­
ment systems provide rich opportunities to better 
serve the public in meeting their mobility needs. 
Perhaps we will come to view this as transporta­
tion system management. 

As most of you know, the Federal Transit 
Administration (FTA) has developed an ad­
vanced public transportation systems (APTS) 
program as a component of the national IVHS 
initiative. The program is designed to assist 
op~rational tests and evaluations in the IVHS 
area. We have identified four important func­
tions that cover our activities. These are vehicle 



management systems, electronic fare collection, 
enforcement, and user information. 

Each function is highly dependent upon 
computers to collect, analyze, and interpret large 
amounts of data that feed into computations to 
optimize traffic flow and the movement of 
people. Indeed, the common thread connecting 
each of these functions is the computer. The 
computer permits the linking of each function to 
achieve results that are greater than the sum of 
their parts. When directed toward public transit 
operators and consumers, work in each function­
al area can directly benefit traffic engineers and 
planners. I first want to describe these areas of 
related technologies individually, and then 
discuss how they can work together in an inte­
grated transportation management system. 

Vehicle management systems (VMS) consist 
of several independent technologies that can be 
combined for general management and control of 
a large number of vehicles dispersed throughout 
a wide area. Included within the VMS area are 
several critical subsystems, including automatic 
vehicle location (A VL), computer-aided dispatch 
(CAD), sensor technology, and digital mapping. 

Automatic vehicle location permits the 
tracking and effective command and control of 
a fleet of vehicles. Command and control is 
important for the management of fleets and the 
resulting efficiencies from such control. In 
transit applications, bus schedules and headways 
can be controlled to ensure on-time perfor­
mance, paratransit vehicles can be routed to 
pick-up and destination points, and bus, para­
transit, and rail services can be coordinated. 

Transit security is improved as police cars 
can be dispatched to bus emergencies based on 
the actual bus location. Further, general public 
safety is improved as the most appropriate police 
vehicle can be assigned to a request for aid. Fire 
and emergency medical vehicles can be dis­
patched more efficiently and quickly. Indeed, 
some communities, like Dade County, Florida, 
are considering the comprehensive use of auto­
matic vehicle location for all these services. 
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Computer-aided dispatch permits the effec­
tive management of a number of vehicles and 
assigns tasks to each vehicle. Taxi, para-transit, 
police, and trucking operations are a few exam­
ples of fleet operations that can benefit through 
this improved utilization of resources. 

Sensor technologies are being developed that 
will identify individual and specific classes of 
vehicles, such as high-occupancy or emergency 
vehicles, so they can be granted access to re­
served facilities. Vehicle identification opens the 
door to automatic traffic signal preemption for 
specific vehicles. These sensors will also feed 
information on traffic conditions to traffic man­
agement centers. Sensors on-board the transit 
vehicle can assist management in quickly learn­
ing of potential equipment problems and passen­
ger loads . Signal preemption strategies may then 
be invoked based on the number of people being 
benefitted rather than the number of vehicles. 

Digital maps provide the capability of 
storing geographic information on computers for 
vehicle and traffic management purposes. Be­
cause the maps are digitized, they can be easily 
updated and changed. Traffic engineers use 
digital maps to display road networks and traffic 
conditions. Transit and emergency service 
providers use digital maps to give visual repre­
sentations to further aid the dispatch activities. 

Electronic fare collection is another area that 
can benefit many user groups. Essentially, the 
intent is to develop and deploy cashless fare 
collection systems that will speed up transac­
tions, reduce time lost due to cash handling, and 
improve cash security. Requiring exact change 
provides one more barrier to using transit. 

There are several techniques that can be 
employed for electronic fare collection including 
magnetic stripe cards and Smart Cards. Magnet­
ic stripes are used on credit cards and in a 
number of transit applications. While universally 
available today, they have several significant 
limitations. They are able to handle only a 
limited amount of information, are subject to 
tampering and, due to their m::ienetic properties, 
can be inadvertently erased. 



Smart Cards are plastic cards with a micro­
chip embedded within them. They can be de­
signed to be read through a proximity interface, 
so they do not have to be inserted into a reader. 
This will speed up the flow of users, as the 
cards may be read from a distance of several 
feet. The speed of these transactions is critical 
for line-haul transit services. In a toll road 
situation, these cards could be attached to an 
automobile just as tags are today. 

The widespread application of electronic fare 
collection will give transportation system manag­
ers the capability to price transportation services 
according to their use. For example, road pric­
ing using this technology becomes a feasibfe 
method of allocating charges in line with partic­
ular policy objectives. Pricing peak hour and 
off-peak periods, as well as single-occupancy 
and high-occupancy vehicle usage, now becomes 
feasible as a meaningful policy tool to encour­
age, or discourage, certain uses. 

Enforcement functions using IVHS technolo­
gies may assist local supervision of the proper 
use of HOV lanes. For example, using an en­
forcement system, authorities can determine 
whether specific automobiles are eligible to use 
certain facilities. Unauthorized vehicles can be 
identified, and, local laws permitting, a traffic 
citation automatically issued. 

A number of sensor technologies are avail­
able or under development to help accomplish 
this. Visual surveillance cameras can be used to 
visually determine whether the vehicle is autho­
rized to use a facility. Infrared sensors may 
count the number of occupants by their infrared 
heat image, and determine whether the vehicle is 
a legitimate user of the facility. 

Electronic tags can be issued that identify 
pre-approved vehicles and authorize their use of 
certain facilities. These tags may be license 
plates with an electronic sensor embedded in 
them. These technologies could be used to verify 
a person's or vehicle's legitimate use of a facili­
ty and minimize enforcement manpower require­
ments. 
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These enforcement technologies also have 
the capability of being used for other traffic 
monitoring purposes. By knowing the identity of 
individual vehicles, their individual speed and 
location, and the traffic signal status, it may be 
possible to effectively enforce traffic regulations 
automatically. A vehicle's compliance with 
various traffic regulations could be automatically 
determined. If a violation occurs, an enforce­
ment citation could be automatically prepared 
and sent to the violator. 

For example, on the North Dallas Toll 
Road, license plate numbers of vehicles not 
paying the toll are captured on a video camera 
and $200 fines are levied. Why not record 
someone running a traffic signal, which has 
potentially more serious consequences? No doubt 
these approaches to monitoring traffic will raise 
public policy questions regarding privacy and 
civil liberties that must be resolved locally. 

User information relating to travel needs is 
a function that helps users make effective mode 
choice decisions. It is assumed that many people 
now using single-occupant modes will consider 
other alternatives if presented with reliable, up­
to-date information. This function seeks to 
develop improved methods of presenting this 
information to users. Three important technolo­
gies are changeable message signs, video dis­
plays, and personal communication networks. 

Changeable message signs present travelers 
with relevant messages on road and travel condi­
tions so the they can be apprised of changing 
situations and take appropriate action. They are 
placed along highways, or-in the case of tran­
sit-on the vehicles or at heavy boarding points. 

In-home or office displays present informa­
tion relating to planned travel prior to departure. 
Using interactive television or computers, the 
traveler will be able to call up information 
regarding his or her transportation alternatives. 
Transit schedules, dynamic carpool information, 
road conditions, and transportation alternatives 
are some of the information that can be present­
ed to consumers to guide intelligent choices 
among transportation alternatives. 



If this information is presented properly, the 
consumer hopefully will see the advantages of 
high-occupancy transportation and select an 
HOV mode. Another important technological 
development unfolding in urban areas is the 
personal communication network (PCN). These 
networks are made up of small cells that allow 
widespread use of wireless telephones. 

The system is similar to cellular telephone 
systems in the U.S., except it uses much smaller 
cells. In fact, one vehicle location supplier 
proposes to use these smaller cells to locate 
vehicles within 50 feet. Perhaps this will be a 
"person" location system, as it will locate a 
person using a wireless telephone even as he 
walks down a sidewalk. Closely coupled with 
the deployment of PCN is the development of 
palm-size telephones and computers. Prices of 
these devices will certainly drop just as they 
have for other electronic products. 

Now I would like to discuss the opportuni­
ties for an integrated approach to ITMS. Thus 
far, I have described the individual functional 
areas and related technologies. However, these 
individual functions can be integrated into a 
system to aid transportation operations and 
planning. By combining data from several of 
these functions, powerful transportation system 
management tools are created. Equipping transit 
and other public service vehicles with A VL will 
empower them to act as probes to help monitor 
traffic. 

Occupancy data for HOVs may even be used 
for warrants guiding traffic signal timing deci­
sions. Traffic conditions can also be transmitted 
to buses, carpools, and vanpools so alternative 
routes can be selected. My concern is that these 
routes be protected from diversions by SOVs. If 
an accident or some other event occurs that 
causes traffic to completely stop, the probes will 
quickly identify the situation and add first-hand 
observations to guide responses. 

The same equipment that converts a transit 
bus into a traffic probe will also permit the 
transit dispatcher to effectively manage the hus 
flee\, The A VL system will identify the location 
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of a vehicle to a central computer, which can 
compare the actual location of a bus to its sched­
uled location. Through an in-vehicle display, the 
driver can be advised of various corrective 
actions to get back on schedule. Clearly, it will 
be helpful if the timing of traffic signals can be 
adjusted to assist the vehicle in getting back on 
schedule. This electronically collected data can 
also be used for schedule planning purposes, at 
cost levels significantly less than manual data 
collection. 

The same computer-aided dispatch technolo­
gy that performs taxicab assignments will also 
assign the optimum police car or ambulance to 
an emergency request. These technologies can 
also be directed toward increasing the use of 
carpools, vanpools, and other high-occupancy 
vehicles. One interesting possibility is the devel­
opment of systems to assist dynamic carpooling. 
Data bases are being developed through projects 
in the APTS program to link drivers of single­
occupant automobiles and people desiring a ride 
to a common destination in real-time. 

Also, cellular telephones are helping to 
coordinate" connections" between people waiting 
at fringe parking with vanpools on a nearby 
freeway. The availability of HOV lanes give 
drivers further incentives to share trips with 
those desiring rides. 

Information about each carpool formed will 
aid traffic engineers since they will know the 
origin, destination, and number of people in 
each vehicle. This can be used to fine-tune 
computerized traffic control systems to optimize 
the flow of people through the metropolitan 
area. The green time at traffic signals can be 
extended where appropriate to permit additional 
high-occupancy vehicles through an intersection. 

Personal communication networks (PCNs) 
will permit people to maintain contact with data 
banks providing transit schedules and transit 
options. These close links between people and 
information will permit even greater possibilities 
for the development of shared -rides. 



Further, these networks, which are presently 
based on cellular technology, can also be adapt­
ed to palm-sized telephones and computers. In 
the future, it can be envisioned that people with 
small wireless telephones will be able to call for 
transit information from any location, even 
walking along the sidewalk. Directions for 
walking to the closest transit stop may be given 
or a bus diverted to pick the person up. 

Think of the many opportunities to keep 
people advised of changing travel conditions 
through the use of this technology. Using a 
paging system, people could be buzzed when 
their bus is a few minutes away. We might even 
buzz them when an incident occurs and when it 
has cleared. 

I have presented a brief vision of how a 
number of new IVHS technologies can impact 
our world as transportation management profes­
sionals. These new technologies are linked 
together-and with users-through information 
systems that permit people to make good deci­
sions based on real-time information. 

We are in the information age. The trend 
toward even greater information interchange is 
accelerating. As electronic and communication 
devices become smaller, less expensive, and 
more reliable, people will avail themselves of 
the great benefits these devices provide. 

Information interchange is becoming easier 
and quicker. Access to more information that is 
relevant to people's daily lives will permit them 
to make better decisions. Our challenge is to 
design a system that is consistent with develop­
ing public policies on clean air and energy. 

Yes, there is a paradigm shift underway. As 
we look to the future, there is indeed a new way 
of looking at, thinking about, and improving 
mobility. 
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Congestion Management Systems: 
Requirements and Opportunities 

Jeffrey A. Lindley 
Federal Highway Administration 

I would like to take a slightly broader per­
spective and focus my comments on how all the 
different elements and systems can be coordinat­
ed into an overall congestion management sys­
tem. I want to talk specifically about the conges­
tion management system required in the !STEA. 
When the Symposium Planning Committee met 
for the last time this past January, we thought 
the symposium would provide a great opportuni­
ty to discuss the requirements, issues, and 
opportunities of the congestion management 
system contained in the ISTEA. Unfortunately, 
the regulatory process has not been completed 
and the requirements have not been issued yet. 

Although there are no requirements at this 
point, there are a number of issues and opportu­
nities that can be discussed. I think the fact that 
we have a policy legislated by Congress on an 
issue most transportation professionals felt 
needed to be addressed presents us with the 



opportunity to shape the congestion management 
systems to meet the needs of individual areas. 

FHW A is currently in the middle of a 60-
day open comment period and I want to stress 
that we are interested in your input. This is the 
first of three comment periods in the regulatory 
process. I want to briefly highlight the key 
elements of the legislation with regards to con­
gestion management systems, identify some of 
the major system characteristics, and discuss the 
key issues and next steps in the process. 

If you have read the legislation, you should 
be well aware of the strong emphasis on conges­
tion, mobility, and management of the transpor­
tation system. Specifically, Section 1034 re­
quires that each state develop six management 
systems. The six areas to be addressed by these 
systems are: pavement, bridges, highway safety, 
traffic congestioff, public transportation facilities 
and equipment, and intermodal transportation 
facilities and systems. A seventh area, address­
ing traffic monitoring systems, is also required 
to provide input data to these six areas. The 
overall goal of all these systems is to develop an 
integrated traffic information system to assist in 
the decision-making process relating to transpor­
tation system investments. 

The legislation requires that the congestion 
management system be developed in consultation 
with the MPOs in urban areas. This further 
indicates the new importance being placed on 
MPOs under ISTEA. The legislation also in­
cludes a well-defined link to both the metropoli­
tan and the statewide planning process. This 
builds on the existing process and provides 
consistency with the current planning process. 
There is also a very strong link to air quality. 
The legislation establishes Transportation Man­
agement Areas (TMAs) in metropolitan areas 
with populations over 200,000. No single-occu­
pancy vehicle capacity can be added in these 
areas with federal funds unless the project is part 
of a congestion management plan. This is a 
significant incentive to develop a good conges­
tion management plan. 
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The legislation requires that the guidelines 
and requirements for all six management areas 
be completed by December 18, 1992. It also 
requires that states certify by January 1, 1995 
that they are in the process of implementing all 
six management systems and the traffic monitor­
ing system. Thus, the first issue to be addressed 
is what must be completed by this deadline and 
what will be required in the certification pro­
cess. 

The legislation also provides for funding to 
support the different activities required by the 
law. A number of funding sources can be µsed 
to support the different management systems . 
These include the National Highway System, the 
Surface Transportation Program, Highway 
Planning and Research, Congestion Mitigation 
and Air Quality, transit capital programs, and 
others . 

The overall purpose of all the management 
systems is to provide information for decision­
makers to effectively and efficiently manage the 
surface transportation systems. Thus, it is impor­
tant to realize that the management systems are 
not an end product. The purpose of these sys­
tems is not to just collect data and generate 
reports, but to actually help solve congestion 
problems. The congestion management systems 
should provide a tool to do this. 

I would like to briefly describe some of the 
issues I see that need to be addressed with the 
development of congestion management systems. 
The first one deals with areawide coverage. I 
think one of the big flaws in many areas with 
existing congestion management programs, 
including California, is that plans are prepared 
on a county basis. For example, each of the nine 
counties in the San Francisco Bay Area has a 
plan, and they are not necessarily coordinated. 
I think that congestion management has to be 
approached from an areawide perspective. 

Second, I think congestion management 
systems need to be multi-modal. By this, I mean 
not only the surface or highway modes, but also 
light, heavy, and commuter rail systems. Rail 
can play a big part in determining the level of 



congestion in a corridor. Third, there also needs 
to be a link to land use. We know the impor­
tance of the link between land use and conges­
tion levels and we need to do a better job of 
coordinating the land use and the transportation 
decision-making process. I am not sure exactly 
how this can be accomplished, but it is impor­
tant that it be addressed. The link to air quality 
is also important. 

The congestion management systems need to 
address both recurring and non-recurring con­
gestion. Historically, I think we have done a 
relatively good job of monitoring recurring 
congestion, but a relatively poor job of monitor­
ing and addressing non-recurring congestion. 
There also needs to be an implementation focus 
to these systems, rather than just a data report­
ing function. 

A number of elements are critical to the 
success of congestion management systems. A 
data base that includes the roadway and traffic 
characteristics must be established. Performance 
measures must be developed and used to deter­
mine how the system is functioning. Standards 
are also needed to identify the desired perfor­
mance levels. An assessment of baseline condi­
tions is important to establish the current loca­
tion, severity, and duration of congestion. 

A forecasting element is also needed to 
identify future needs and changes. This should 
tie into the traffic forecasting process and link 
with land use planning activities. A needs assess­
ment should also be conducted. In the past, we 
have not always done a good job of this. This 
assessment should include an examination of 
latent demand and both short- and long-term 
needs. A broad range of potential solutions 
should be examined. These may include adding 
new capacity, transit, traffic management pro­
grams, IVHS, TOM, and other appropriate 
strategies. Project and strategy selection should 
not be limited to a narrow list of alternatives, 
but should include a broad range of projects. 
There is no one answer or solution. Finally, a 
monitoring system needs to be incorporated into 
the program to provide for ongoing evaluations. 
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A number of key issues are being examined 
during the regulatory process. One of these is 
determining which agencies and groups need to 
be involved. The legislation gives the states the 
primary responsibility for implementing conges­
tion management systems. However, it is obvi­
ous that MPOs, transit agencies, air quality 
management agencies, and others must be in­
volved. Another important issue is system 
coverage. We know that TMAs, or metropolitan 
areas over 200,000 in population, will be cov­
ered as required in the legislation. After these 
areas, however, it is less clear what areas should 
be covered and what roadway systems should be 
included. 

Data availability is another concern that has 
been voiced in many areas. Everyone is con­
cerned that a great deal more data collection will 
be required. The exact nature of the data re­
quirements have not been determined yet. Per­
formance measures and performance standards 
are also getting a good deal of attention. The 
questions here revolve around what measures 
and standards you should select and how they 
should be applied. 

A relationship also needs to be established 
with the other management systems. These 
include the intermodal, transit, and safety man­
agement systems. Determining how these links 
will occur will be important. There is also an 
issue related to carrots vs. sticks, or the use of 
incentives vs. disincentives. The ISTEA focuses 
more on disincentives. I think it is also impor­
tant that we build some incentives into the 
process. 

Finally, I would like to point out the next 
steps in the process. The Notice of Proposed 
Rule Making has been issued and the 60-day 
comment period is open until August 3, 1992. I 
would encourage individuals to provide com­
ments on the proposed rule. A series of public 
workshops are also being conducted to discuss 
all of the management systems. There will be 
two more comment periods before the final 
regulations are issued. 



To summarize, I think there is a tremendous 
potential to tie all the concepts that have been 
discussed during the symposium together into a 
coordinated management system that will help 
address urban congestion problems. The involve­
ment and input from sources is important in 
developing the regulations for the congestion 
management systems, and FHW A is interested 
in your comments. Thank you. 

ITMS to IVHS 

Jack L. Kay 
JHK & Associates 

I would like to focus my comments on the 
current status of ITMS activities and how We 
move from ITMS to IVHS. Thus, unlike many 
speakers at the symposium, I will be addressing 
IVHS. I would also like to discuss the different 
approaches that can be used in the development 
of IVHS and the advantages and disadvantages 
of these. 

Although it may seem obvious, one of the 
available options is to do nothing to plan the 
systematic development of ITMS and IVHS. A 
number of systems have been implemented and 
other activities are currently underway. Thus, 
one approach would be to just let these activities 
occur without any type of coordinated plan. I 
would suggest, however, that this is not the most 
appropriate approach. Rather, I would support a 
more systematic plan that focuses on the key 
direction and goals we wish to accomplish. 

Where are we today? I think the current 
state-of-the-art is fairly high. There is a good 
understanding of the elements and capabilities of 
ITMS and IVHS. However, I would suggest that 
the state-of-the-practice is not as high. The 
number of areas and jurisdictions that are using 
the currently available tools is relatively small. 
The many examples that have been provided at 
the symposium represent only a small number of 
areas. It is important that we move quickly 
toward state-of-the-art systems in other areas. I 
would also suggest that most of the current 
systems are jurisdiction-based advanced traffic 
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management systems. Taking a regionwide 
approach is needed to fully realize the benefits 
of ITMS. 

Although there are many activities underway 
that focus on IVHS, it appears that many of 
these could be characterized as somewhat unor­
ganized and frantic. Many areas are trying to 
obtain funding for IVHS projects without a well 
thought out and comprehensive approach. The 
!VHS America Strategic Plan and the activities 
of FHW A and FT A are helping to bring a little 
more focus and rationale to this process. 

At least three different approaches for mov­
ing toward ITMS and IVHS have been suggest­
ed. First, some people have suggested that we 
can just jump from where we are currently to 
ITMS. I think this may be an unrealistic model. 
The second approach focuses on taking logical, 
small steps to develop ITMS. This is an ap­
proach that has been used successfully_ with other 
programs and provides a realistic technique. 
However, this approach does take a long time 
and requires numerous steps. I would like to 
suggest that the third approach, which focuses 
on taking small steps, but also taking larger 
leaps in response to specific opportunities, 
represents the best alternative. I think opportuni­
ties do exist to take larger steps and we need to 
be in a position to take advantage of these. 

I think the first step in the process is to 
continue to implement regionally-based advanced 
traffic management systems. These systems can 
demonstrate the benefits of traffic management 
systems and provide a basis from which more 
advanced systems can be developed. From these 
we can move directly into more cooperative 
efforts and develop the ties to ATIS and APTS. 
This will help create the giant step attitude. 

A number of models have also been suggest­
ed for the ultimate approach to IVHS. One 
model focuses on networking the five IVHS 
components: ATMS, ATIS, AVCS, APTS, and 
CVO. This is the approach being taken in many 
areas. I would suggest that this is a temporary 
model, however. The model we should ultimatc-
1 y be looking toward focuses on functions that 



cut across all of the IVHS areas. A change in 
thinking about IVHS will be needed to accom­
plish this approach. Small steps will still be 
needed to reach the ultimate system, but we will 
be moving forward focused on an agreed-upon 
final framework. 

Moving toward IVHS will also require 
changes in the way we do business. Establishing 
and agreeing on the roles and responsibilities of 
the different public and private sector groups is 
an important element of this. The IVHS America 
Strategic Plan identifies a significant role for the 
private sector. Defining how the different private 
sector groups will be involved and how they will 
interact with the public sector will be critical. At 
the same time, we can not forget about pure 
research activities. Research and development 
will be critical to ensuring that we continue to 
move toward more advanced and sophisticated 
systems. Establishing links to air quality and 
mobility efforts is also essential. These are areas 
that may allow us to take a giant step toward the 
ultimate system and we should aggressively 
pursue the opportunities offered by recent legis­
lation. 

I think advances in technology will continue 
to develop more rapidly than the institutional 
issues involved with IVHS. Further;the advanc­
es in technology may help drive resolution of 
some of the institutional issues. The momentum 
to move forward and to resolve possible institu­
tional conflicts will be there if we build on our 
success. I think that regions which cooperate 
will be more successful in obtaining funding, 
and other areas will soon follow their lead. 

Finally, I think the benefits of ITMS and 
IVHS are worth the effort. The systems can 
provide numerous benefits to the users of our 
roadway networks and transit systems. Further, 
I think we will continue to see significant levels 
of funding for these programs over the next 10 
to 12 years . As we move forward with these 
programs we will continue to need the dynamic 
leadership of the professionals at this symposium 
and others around the country. 
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ITMS White Papers 



Integrated Traffic Management Systems 

Hennan E. Haenel and Leslie N. Jacobson• 

INTRODUCTION 

A transportation system of the future was unveiled at the 1939 New York World's Fair. To many 
people who were used to gravel roads and country lanes it seemed like a dream world. They were amazed 
to see how traffic would travel along freeways and streets without unnecessary stops. Today, this dream 
world of a little over 50 years ago is a possibility, thanks to technology. 

Today's technology is improving safety and mobility along urban transportation networks. Better 
mobility reduces vehicle delay, emissions, and fuel consumption, and improves the quality of life by 
lowering costs for services and goods to everyone within the urban area. 

Traffic management systems within the United States are, for the most part, operated and maintained 
by individual agencies. Freeway control systems are operated by state DOTs, and traffic signal systems 
in urban areas are operated by cities and counties. Benefits have been obtained from these systems. 
Additional benefits beyond those obtainable from individual systems can be achieved by integrating them 
as traffic management systems. 

According to Webster's Dictionary (J), integrate means "to put or bring together into a whole; to 
unify." Webster also defines management as "the act, art or manner of managing, or handling, 
controlling, directing, etc." Considered together, these two words describe the need to unify systems for 
the purpose of achieving improved traffic operations within the integrated system. 

This is a new area to work in, one that can be uncomfortable at times. But as trained traffic 
engineering personnel, we can meet the challenge by communicating, cooperating and coordinating with 
others. Working with other agencies on an organized effort is required to assure improved traffic 
management. 

The following review is intended to show the need for integrated traffic management systems, outline 
the elements that must be ·included, and provide guidance in developing such a system. These systems 
may not provide the dream world of transportation predicted at the 1939 New York World's Fair, but 
they will bring us closer to eliminating unnecessary stops and achieving optimum mobility. 

THE NEED FOR INTEGRATION 

From Phoenix to San Francisco to Washington, D.C., citizens are identifying transportation as their 
number one concern (2), outweighing issues such as pollution, overpopulation, unemployment, and crime. 
Traffic congestion is certainly the primary reason for this concern over transportation issues. 

• Herman E. Haenel, P.E., is the Principal for Advanced Traffic Engineering, Dallas, Texas. 
Leslie N. Jacobson, P.E., is the Urban Systems Engineer for the Washington State Department of 
Transportation, Seattle, Washington. 
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Several factors have led to the increase in traffic congestion. From 1950 to 1986, population in the 
United States grew by about 160 percent. This population growth increased the demand for transportation. 
As evidence of this increased demand, the number of motor vehicles increased even faster than 
population, by almost 360 percent, from 1950 to 1986 (3). In addition, people place more reliance on 
their automobile as the primary transportation mode. From 1960 to 1980, transit's share of work trips 
in urban areas dropped from about 13 percent to about 6 percent. In the same time period, work trips 
in automobiles jumped from 61 to 82 percent (4). 

The increased reliance on the automobile and the growth in population, jobs, and households, have 
combined to create severe and alarming levels of congestion in our urban areas. Delay on urban freeways 
in the United States increased by 57 percent from 1983 to 1985 and is projected to increase at a yearly 
rate of 8.8 percent through the year 2005. This rate of increase will produce a 435 percent increase in 
delay from 1985 to 2005. The increased congestion will also affect urban signalized arterials. From 1985 
to 2005, projections indicate a 240 percent increase in delay on urban signalized arterials (6.3 percent 
increase per year) (5). 

One of the responses to urban traffic congestion has been traffic management efforts. Transportation 
system management was introduced in the 1970s to improve the efficiency of the existing transportation 
network. Often, implementation of these efforts was not coordinated within an urban area or even within 
a single jurisdiction. Through the 1970s and early 1980s, these efforts proved to cost effectively improve 
system efficiency, even when they were implemented in a piecemeal fashion. However, as noted above, 
transportation demand and congestion levels continue to grow. It is now necessary to view the 
transportation network as one system and to integrate as many aspects of transportation management as 
possible. 

System integration is important because it makes maximum use of resources; It can be implemented 
in a range of ways from personal communication between operating agencies to a sophisticated central 
computer that supervises individual traffic control systems on arterials and on freeways throughout a 
given area. Integration allows operating agencies to manage the transportation system better and to more 
efficiently employ personnel. System integration allows agencies to allocate vehicles and people to the 
transportation system as efficiently as possible by accounting for the conditions or attributes of all 
elements within the system. 

System integration requires that information be exchanged so that resources can be efficiently 
allocated. The information sharing can occur among computer systems, operators, or designers, and 
between the operating agencies and the public. Resources can then be allocated to assure a cost effective 
program for traffic management. 

METIIODS OF INTEGRATION 

System integration comprises design and operations. Cooperation and communication between 
agencies are needed for the design and operation of an urban system. Integrated traffic management 
requires four elements: 

1. An integrated approach to transportation management; 
2. Resource integration; 
3. Manual information exchange; and 
4. Integration of control/surveillance systems. 
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Integrated Approach to Transportation Management 

The way in which transportation professionals view the transportation network and management of 
the network is probably the most critical aspect in the concept of integrated systems. Planners, designers, 
operators, and managers must believe that the entire network operates as a single system. The 
management approach must reflect this belief. Agencies and jurisdictions must cooperate. The actions one 
group takes must be supported by the other groups. Policy issues, incentives, and human factors must 
be explored to help reduce the demand on the system, in addition to technological ways to increase 
system efficiency and capacity. 

The integrated view of the transportation network includes a framework that meshes all efforts 
together to create a balanced approach. These elements include physical systems, as well as incentive, 
policy, and human factors programs. For example, when conditions are severe because of daily peak 
period congestion, special events, construction, or incidents, the demand cannot be accommodated simply 
with modified control strategies. Incentives must be offered to encourage people to choose different 
routes, different modes (i.e., public transportation, car pools), and different times for travel. 
Furthermore, if traffic management systems do a great job of detecting incidents but the correct 
information does not reach motorists or assistance is not provided to them, then the detection technique 
is diminished in value. Information can be provided to motorists through use of changeable message 
signs, lane control signals, and highway advisory radio. Also an incident management team and motorist 
aid patrol should be available to assist motorists once an incident has occurred. Similarly, if the public 
is accurately informed, but they cannot choose flexible working hours, cannot modify their routes because 
control systems are not adjusted, or cannot change their modes of travel, then the detection system and 
the information system diminish in value. 

Research and design activities also need to be coordinated as part of the integrated approach. 
Research feeds the design process, which, inevitably, uncovers questions or ideas that need further 
research in the same area or related areas. The integrated approach should recognize the connection 
between research and design (or implementation) and structure programs to facilitate the exchange of 
information, results, and ideas. A fully integrated approach to system management looks at the totality 
of the system and explores the range of solutions available. 

Resource Integration 

Resource integration involves sharing facilities, personnel, and financing to use them most efficiently. 
Examples of resource integration include shared central operations centers, regional control centers, 
communications facilities, conduit, and design, maintenance, and operation of the shared facilities. Costs 
and personnel can be shared. Resource integration reduces the costs to all systems, even if control 
strategies are not integrated. 

An example of resource integration is the Surveillance, Control, and Communication (SC&C) system 
planned for Houston. This program involves three agencies and systems on three types of facilities. The 
city of Houston, the Texas Department of Transportation, and Houston METRO operate arterials, 
freeways, and transitways, respectively. In the SC&C system, the three agencies share communication 
cables and regional control centers for the arterial, freeway, and transitway control systems. Personnel 
from the three agencies are working together in the design and operation of the SC&C system. 
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Information Exchange 

Information exchange is one of the key elements of system integration. Information exchange may 
involve sharing data with operators or managers of other systems so they can use the information for 
planning or to develop control strategies. The data usually come from historical databases. Managers of 
one system can identify trends in other systems that may affect the operation of their system operation. 

Information exchange also takes the form of periodic meetings to share information on ongoing 
projects. Traffic Management Teams (TMTs) are a type of formal information exchange that helps 
integrate transportation management. These teams provide the best opportunity for developing an 
integrated traffic management system. Members of the team discuss problems from various points of view 
at regularly scheduled team meetings. They reach solutions through mutual agreement. 

Integration of Control/Surveillance Systems 

The most familiar element or portion of traffic management system integration involves control and 
surveillance. The integration of multi-agency control and surveillance systems allows agencies to make 
system control decisions on the basis of conditions in other systems. 

Engineers and operators make changes in system operation on the basis of historical data obtained 
from their own system(s) and data received from other systems. System operators utilize real-time data 
to make changes to reduce congestion at a particular moment. In both instances, changes made in one or 
more systems should be agreed upon by personnel from other agencies whose system(s) will be affected 
by the change. 

Information is also shared between the computers of two or more agencies so that traffic patterns can 
be changed rapidly to prevent and alleviate congestion. The computers are subject to manual override by 
the operator(s). 

An example of manual operation involves construction projects that require control systems to be 
coordinated for the term of the project. The coordination activities may involve simple retiming of traffic 
signal systems based on projected diversions, or real-time manual selection of timing plans based on 
observations of field conditions. During the unusual circumstances of traffic disruption and diversion 
caused by construction activities, manually coordinated control systems can be very beneficial. 

The integration of two or more systems permits smoother flow of traffic throughout the urban area. 
It also assures that adjacent systems are able to change in time to accommodate traffic arriving from other 
systems. As an example, a freeway control system should be ready to handle large volumes of traffic 
released by an adjacent traffic signal system during daily peak periods, incidents, special events, and 
nearby street construction. An interchange of information permits this and, in so doing, provides the 
benefit of optimum system operation. 

Control and surveillance system integration can take place between control systems with different 
functions (e.g., a freeway control system and an arterial control system) or between geographically 
separated control systems. In either case, the systems may be controlled by the same jurisdiction or by 
different jurisdictions. Some of the types of control systems that can be integrated are outlined below. 
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• Freeway management systems - Ramp metering systems, incident detection systems, closed 
circuit television systems, and electronic surveillance systems are included in this classification. 
HOV lanes and transitways are also included. 

• Arterial management systems - Any kind of coordinated signal control system (time-based or 
centrally controlled) is included in system integration. (rime-based coordination systems can be 
integrated with other systems manually.) Conditions on freeways and arterials often have an 
impact on each other. When severe congestion occurs on one facility, traffic diverts to use the 
other. The control systems can best handle the added traffic if the systems have been integrated. 

• Traveler information systems - Traveler information is an effective tool in transportation network 
management. With current and accurate information, drivers can make intelligent decisions on 
routes traveled, time of travel, and mode of travel. To be most effective, the system must be 
based on current data. Those data come from other systems, such as freeway or arterial 
management systems; hence, the importance of system integration. 

• Incident management systems - One of the primary elements of incident management is incident 
detection. Incident detection can be accomplished through the electronic surveillance and closed 
circuit television components of freeway management systems, through field observation, and 
through reports from motorists with cellular telephones. Information on alternative routes may 
come from either arterial or freeway systems. Freeway or arterial systems can use information 
on incidents to modify control strategies. Traveler information systems inform the public about 
the incident and may direct traffic to alternative routes. Therefore, there are benefits in 
integrating incident management systems with freeway management, arterial management, and 
motorist information systems. An incident management team is part of the incident management 
system. The team clears the incident and reroutes traffic when necessary. The team, working with 
the operators at a traffic management center, can reduce delay and secondary accidents through 
rapid response and proper action at the scene. Although motorists can reroute on their own when 
an incident occurs, they can do much better when they receive assistance from the incident 
management team. 

• Construction traffic management systems - Construction traffic management systems usually 
integrate combinations of the above systems. Because of the magnitude of most freeway 
reconstruction projects, construction traffic management systems modify freeway management 
strategies, improve coordination or update control plans on arterials, heighten incident 
management efforts, and improve driver information techniques. Construction traffic management 
systems, by their very nature, are highly integrated with other management systems. 

• High technology systems - Most of the high technology systems being researched today will be 
implemented as part of overall integrated systems. Automatic vehicle identification and automatic 
vehicle location systems will provide information to freeway and arterial management systems. 
In-vehicle route guidance is a form of traveler information system and uses information from 
freeway management, arterial management, and incident management systems. Integrated traffic 
management systems designed at present should be capable of adding high technology systems 
in the future. 

The above is not an all-encompassing list. Any traffic management system or action may be part of 
an integrated system. Any of those mentioned above may be joined with systems of the same type in 
different geographical areas or under different jurisdictions. 
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IMPLEMENTATION, OPERATION, AND MAINTENANCE 

An integrated system includes communication, cooperation, and coordination between agencies during 
implementation, operation, and maintenance. The agencies work closely during the planning, design, 
construction, operation, and maintenance stages. A review of items to consider included in these areas 
is discussed in the Appendix. 

Integrated system development includes solving institutional and funding issues early on in the 
planning stage. It also includes development of a Traffic Management Team (fMT) to develop goodwill 
and an appreciation and use of the views of representatives from all of the agencies involved. The TMT 
approach goes a long way to solving problems as they arise. Information on the TMT concept, which is 
working in Texas, Washington, Florida, and other locations, is discussed in a publication included in the 
Appendix of this paper. 

An integrated and dedicated team approach is needed in all stages of implementation, operation and 
maintenance, to assure that the system will achieve its goals. 

CONCLUSION 

Studies show that traffic volumes can be expected to increase vehicle delay between 1986 and 2005 
by 435 percent on urban freeways and 240 percent on urban streets if no action is taken to improve 
existing conditions. Integrated traffic management will serve to significantly reduce this delay. 

Integrated traffic management systems include: 

• Handling traffic at incident locations; 
• Integrating resources available to the agencies within an urban area; 
• Sharing information and developing a research to implementation approach to further research; 
• Developing a team approach to all aspects of the work for planning, designing, implementing, 

operating, and maintaining the integrated control and surveillance system; 
• Obtaining needed funds to install, operate, and maintain and integrated control an surveillance 

system; and 
• Implementing an integrated traffic control and surveillance system by interconnecting the 

operation of systems within different agencies. 

Adequate funding and installation of an integrated control and surveillance system are the most important 
parts of the integrated traffic management system, but the other elements are also necessary to assure 
success. 

The development and operation of an integrated traffic management system is a challenging process, 
but the benefits to the public make the effort worthwhile. The development of integrated traffic 
management systems is necessary for the continuing growth of our urban areas. Transportation is this 
nation's lifeline, and the integrated traffic management system is now and will continue to be a major 
element in this lifeline within urban areas. 
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APPENDIX: Development, Implementation, and Operation/Maintenance of Integrated Systems 

Introduction 

The development of an integrated traffic management system follows the same steps as that of every 
traffic control and surveillance system. These steps are as follows: 

• Planning 
• Design 
• Implementation 
• Operation and Maintenance 

The steps for developing an integrated system can be more complex and difficult to carry out than those 
for an individual system. The purpose of this section is to discuss some of the issues that may be more 
applicable to integrated systems and not those common to the development of individual systems. 

Planning 

Adequate and proper planning is required to assure that all issues are considered and accommodated 
and that potential (and existing) problems are resolved. These issues include the following: 

• Initial and future use of the system; 
• Types of control systems to be included initially and in the future; 
• Type of control and communications (i.e., central control with or without distributed control, 

fiber optic and/or twisted wire pair communications); 
• Addition of IVHS components in the future; 
• Location of the traffic management center; 
• Problems which may be encountered during design and implementation; 
• Responsibilities of each agency and its personnel for design, operation and maintenance; 
• Amount of funds and number of personnel to be contributed by each agency, and 
• Institutional issues previously noted. 

Planning needs to be done jointly by all agencies involved. A team (project team) effort makes each 
agency a part of the integrated system during the other steps of the process. 

The project team should include planning, engineering, law enforcement, and maintenance personnel. 
The presence of law enforcement and maintenance personnel is important to ensure that their needs are 
met once the system has been built and to obtain their input on design questions. An architect should be 
included if a new traffic management center is included in the project or if an existing facility will be 
expanded. If a traffic engineering consultant will be employed for the design stage, he or she should be 
included on the team. Also, a public relations representative is desirable to provide well prepared 
information to the media and administrators. Additional personnel may be included as the planning and 
design process proceeds. 

The planning process, as well as the design, implementation, and operations work, can be assisted 
to a high degree by the development of a Traffic Management Team (TMT). Actually, the TMT should, 
if possible, be developed before the beginning of the planning process. 
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The TMT, which comprise representatives of agencies involved in traffic operations within the urban 
area, can study local traffic operations, safety, and enforcement problems. By looking at problems from 
different points of view (i.e., city, county, state, enforcement, and engineering), the TMT can obtain 
solutions that might not have been developed by one agency alone. The members are not the top 
administrators for their agencies but are in a position from which they can speak for the administrators. 

The TMT can develop trust and respect among team members and their agencies, provided that all 
members enter the TMT with openness and willingness to work together. The good working relations 
developed by the TMT can be applied in the initial design of an integrated system. 

Although TMT members may serve on the project team, the TMT studies problems on a broader 
urban scope than the project team. Members of the two teams may want to discuss problems encountered 
by the project team, and monthly project team progress reports 
could be given at TMT meetings. · 

The TMT concept is working in Texas, Washington, Florida, and other locations around the country. 
A copy of a publication developed by the Texas Department of Transportation (formerly known as the 
Texas State Department of Highway and Public Transportation) is included in this appendix. 

Design 

The results of the planning process, along with solutions to institutional and funding problems, are 
incorporated into the design of the system. The design incorporates existing systems and provides for 
future system expansion and the addition of new systems, including additions at the traffic management 
center, as well as in the field. 

If the agencies do not have expertise in some or all parts of the system design, a traffic engineering 
consultant should be hired. 

One or more agencies (together with the consultant and architect where needed), develops the plans 
and specifications. Where more than one agency is involved in the development of the plans and 
specifications, initial guidelines must be developed to assure that all parts of the design work (including 
nomenclature and symbols) are the same. This procedure eases integration of the plans and specifications, 
reduces confusion and misinterpretation (especially as the project is installed), and reduces the contractor 
bid prices (by eliminating the contractor's guess work). 

A thorough review of the plans and specifications must be carried out by· personnel who have not 
prepared them. Also, it is very important to obtain the necessary expertise in carrying out the design. 
Both the thorough review and expertise will pay for itself many times over during the installation and 
operation/maintenance stages. 

Implementation 

Assuring that the equipment, software, and materials meet specifications before installation and that 
all aspects of the plans and specifications are met during installation is a primary responsibility of the 
project engineer. He or she must employ qualified inspectors and persons familiar with the equipment 
and its intended operation. 
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Representatives from different agencies may inspect or observe the work, but these people must report 
any noted discrepancies to the project engineer by these representatives and not to the contractor, 
subcontractors, or the project engineering inspectors. The project engineer must in turn confer with the 
contractor on the discrepancies. Representatives from various agencies should also attend the factory 
demonstrations of hardware and software. In all cases, the project engineer is in charge and makes the 
final decision in case of different interpretations of the plans and specifications. 

Operation and Maintenance 

The old adage that taste is the proof of the pudding applies to operation and maintenance. The proper 
design and implementation of a system goes a long way in achieving good operation and maintenance. 

Each agency must provide enough personnel to properly operate and maintain the system. The 
agencies can either have one group to maintain and operate the integrated system or carry out the 
operation and maintenance of its own portion of the system. Where a central computer supervises 
computers of several agencies, the central computer and its peripheral equipment (communications, work 
stations, displays) must be maintained by one' agency or group. 

The operation of the integrated system must be carried out as one unit within the confines of the 
design and interagency agreements. Operators of various agency systems should be able to work together 
best if they are located within the same traffic management center. They should also be able to formulate 
and implement appropriate responses for different traffic conditions more easily. 

Operation and maintenance is a continuous process, and quite often funding must be obtained each 
year. It is important to maintain good relations with the administrators in each agency and assure that they 
realize that the system is providing a necessary function. When a new agency administrator is appointed 
or hired, every effort must be made to sell him or her on the concept of integrated traffic management. 

Integrated systems operation is complex and requires constant vigilance and considerable patience, 
but it is worth the work involved. 
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TRAFFIC MANAGEMENT 

TEAMS IN TEXAS 

STATE DEPARTMENT OF HIGHWAYS 
AND PUBLIC TRANSPORTATION 

MAINTENANCE AND OPERATIONS DIVISION 

January 1990 

The first Traffic Management Team in Texas was officially formed in 
1975. By 1980, there were five teams and there are currently 24 
operating in the state. These teams cover nine of the largest metro­
politan areas, as well as other smaller areas. The rapid spread of the 
team concept and the wide acceptance among the larger cities in 
Texas lead us to believe that it is a very beneficial organization. 

The team brings together professionals from the various transpor­
tation related agencies in the area and helps them to work together 
to solve the area's traffic problems. It aids in the development of 
mutual respect among members, but more importantly, it also aids 
in the understanding of others and breaks down perceived barriers. 
This is accomplished through enhanced communication, which leads 
to coordination and cooperation. 

We hope this booklet will help introduce you to how the Traffic 
Management Teams operate in Texas. If you would like further in­
formation or have any questions, please write to: 

State Department of Highways & 
Public Transportation 

Maintenance and Operations Division 
11th and Brazos Streets 
Austin, Texas 78701 
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What does a Traffic Management Team do? 
A Traffic Management Team improves the overall traffic operation 
and safety along principal arterials and/or urban area corridors by 
coordinating the activities of the principal operational agencies in 
the area. 

What is a corridor? 
A corridor is a system of roadways which interact and serve as 
alternate routes to each other. Corridors can consist of two or more 
parallel streets or a freeway with parallel streets. All cities have 
several different corridors serving different origins and destinations 
which intertwine and change in size depending on the time of day 
and day of week. Any change made to the capacity of one element 
of the corridor affects the others by shifting the demand from one 
roadway to another; therefore, alterations must be coordinated 
between the various elements for the traffk to move in an efficient 
manner. The different elements of the corridor, though, are quite 
often controlled by different agencies and communication and 
coordination between them is sometimes weak. 

What is a network? 
A network is made up of the various corridors in an area. Just as 
roadways within a corridor interact with each other, the same is true 
for corridors within a network. There must be coordination 
between corridors in order to have an efficiently operating trans­
portation network. In large metropolitan areas for example, a 
typical trip to and from the workplace may traverse two or three 
corridors. If a problem occurs in a corridor which encompasses a 
portion of an inner loop freeway, traffic on an outer radial freeway 
must be informed and given the opportunity to choose an alternate 
route. 

The network is usually of major concern in the smaller city. Even 
though the corridor of a smaller city may contain only one or two 
roadways and the network consist of arterials instead of freeways, 
coordination is important. An efficient network will help maintain 
the level of service that citizens are accustomed to and expect. 

How can traffic operations be improved? 
There are basically three ways to improve the operation of a corridor 
and a single city street. The first i;; to improve safety. Much of the 
work done by the teams in Texas is ,~irectly related to safety and it is 
always a consideration in any other action. Some common safety 
improvements are adjusting the clearance intervals at signals, 
restriping faded lane lines, increasing enforcement of speed limits 
and improving confusing signing. 

Operation can also be improved by increasing passenger capacity. 
This includes adding lanes, providing good signal progression, 
eliminating geometric bottlenecks, and providing mass transit 
facilities. Without good coordination, each agency will build those 
improvements specific to their needs, but may find that the new 
facility doesn't work as well as it could. For example, the state 
highway department and the local transit authority must work 
together closely in designing a separate priority entry ramp onto a 
freeway for high-occupancy vehicles. Other agencies can also, 
however, contribute to the design. The police department can 
suggest ways to make the ramp restrictions easier to enforce and 
less likely to be violated. The city traffic department can alter the 
geometry or signal operation of nearby intersections to make the 
ramp easier to access. 
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The third basic way to improve operation is to decrease the vehicular 
demand. This is more difficult to do since it requires convincing the 
driver to change his or her normal route or mode of travel (bus, 
carpool, etc..). Some suggestions are to encourage use of mass 
transit, less traveled alternate routes, and variable work hours. A 
temporary decrease can be obtained by the use of media releases 
explaining the need for diversion and how it can be accomplished. 
Installing freeway entrance ramp meter control may cause a more 
positive shift in motorist travel. 

What different agencies should be represented? 
Different cities have different situations, so representation is 
seldom the same on every team. However, some agencies are 
almost always included on the team. These include the city and 
state traffic engineering offices, city and state law enforcement 
agencies, and the local transit authority. In some cities, one agency 
may represent two disciplines on the team. In Kerrville, for example, 
the state resident engineer represents both traffic and design 
engineering disciplines. Other agencies and divisions should be 
included if they are significantly involved in the operation of the 
network. Possibilities include the maintenance, design and public 
works sections; the fire department; railroads and the port author­
ity. It is important, however, to keep the team as small as possible to 
minimize red tape. Table 1 shows the disciplines represented on 
teams in ten various-sized cities in Texas. 

When discussing a topic which affects an agency not represented on 
the team, that agency should be invited to attend that meeting. For 
instance, several teams have met with local ambulance services to 
discuss ways of clearing accidents off of a freeway with as little 
disturbance to traffic as possible. Most teams invite a representative 
from a satellite city to attend a meeting at which a subject affecting 
that city will be discussed; however, some teams include 
representatives from satellite cities as permanent members of the 
team. 

TABLE 1 
COMPOSITION OF SELECTED TMrs IN TEXAS 

(SAMPLE BASED ON POPULATION SIZE)* 

Brownwood 
Agency (18,720) 

City 
Traffic 
Police 
Fire 
Transit 

State 
Traffic 
Design 
Maintenance 
Highway Patrol 

County 
Engineer 
Sheriff 

Other 
Naval Air Station 
Traffic Safety Assoc. 
Railroad Assoc. 

X 
X 

X 
X 
X 
X 

Kerrville Tyler 
(19,890) (75,440) 

X X 
X X 

X X 

X 
X 
X X 

X X 
X X 

*All populations are 1986 U.S. Census Bureau estimates. 

- Continued -

Laredo 
(117,060) 

X 
X 
X 
X 

X 
X 
X 
X 

X 
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TABLE 1 (CONTINUED) 
COMPOSITION OF SELECTED TMT'S IN TEXAS 

(SAMPLE BASED ON POPULATION SIZE)* 

Midland Fort Worth 

Agency 
Beaumont 
(119,900) 

City 
Traffic 
Police 
Fire 
Transit 

State . 
Traffic 
Design 
Maintenance 
Highway Patrol 

County 
Engineer 
Sheriff 

Other 
Naval Air Station 
Traffic Safety Assoc. 
Railroad Assoc. 

X 
X 

X 

X 
X 

X 

and Corpus and 
Odessa Christi Arlington 

(199,270) (263,900) (679,320) 

xx 
xx 

X 

X 

xx 

X 
X 

X 

X 

X 

X 

X 

xx 
xx 

X 

X 

X 

X 

X 

X 

*All populations are 1986 U.S. Census Bureau estimates. 

- Continued -

TABLE 1 (CONTINUED) 
COMPOSITION OF SELECTED TMT'S IN TEXAS 

(SAMPLE BASED ON POPULATION SIZE)* 

Agency 

City 
Traffic 
Police 
Fire 
Transit 

State 
Traffic 
Design 
Maintenance 
Highway Patrol 

County 
Engineer 
Sheriff 

Other 
Naval Air Station 
Traffic Safety Assoc. 
Railroad Assoc. 

San Antonio 
(914,350) 

X 

X 

X 

X 

X 
X 

Houston 
(1,698,200) 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

* All populations are 1986 U.S. Census Bureau estimates. 
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--What actions need to be coordinated? 
Virtually all work done in a freeway corridor can be coordinated 
between the agenc ies of the team to the benefit of tcaffic 
operations and safety. Listed below are a few common examples. 

1. Work Zone Traffic 
Congestion in varying degrees often accompanies maintenance 
operations and new construction, causing traffic to divert to 
alternate routes. If maintenance is also being performed on 
that alternate route, the entire corridor can break down. Even 
along city streets and rural highways adjacent to a city, traffic 
can be affected by improperly designed work zones. There­
fore, traffic control which affects the capacity of a route should 
be brought to the attention of the team to prevent any 
conflicts. 

In severe cases, such as where an entire freeway is closed, the 
entire team should be involved in planning and implementing 
the closure. The police department can direct traffic and 
enforce special signing while the city traffic office adjusts the 
coordination of the signals on the alternate route to provide 
an efficient operation. The highway department and c:ity can 
provide signs warning of the closure and identifying the 
alternate route while the transit authority modifies its routes, 
if possible. 

The team as a whole can prepare media releases to warn 
drivers of the closure and recommend an alternate route. By 
coordinating the plan within the team, most problems can be 
worked out beforehand and the traffic control can be jointly 
carried out to provide a safe and efficient operation. 

2. Route Improvements 

Permanent modifications to any roadway in a corridor or 
arterial network may affect the other elements. Therefore, 
team members often give updates on proposed projects so that 
all members can have advance notice. For maximum efficiency, 
all arterials which might be involved should be analyzed to 
prevent a bottleneck during construction and afterwards. 
Controlling entrance ramp volumes through ramp metering, for 
example, can improve freeway operation in terms of total 
volume, but it can also cause congestion on city streets. The 
team is well equipped to analyze the effects of new construction 
and to prepare for the changes in traffic flow. 

3. Normal Operations 

In their day-to-day work, police officers often notice locations 
where there is a violation or accident problem. The team pro­
vides a ready line of communications to the traffic engineering 
agencies who can act to correct the problem. 

A change in operation can also be important to the team 
because of the interaction between the elements of the corridor 
or overall network. For example, banning left turns at an 
intersection during peak hours will force traffic to use another 
cross street. This information is vital to the transit authority, 
which may need to alter its routes. The traffic could possibly 
start using a different on-ramp to the freeway, thus creating a 
weaving problem or a need to change ramp meter timings. 
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4. Emergency Planning 

In case of severe weather such as flooding or freezing, it is very 
helpful to have a plan delineating each agency's responsibilities 
to prevent delay and possible omission of those jobs which must 
be done to insure the safety of the driving public. This same 
type of planning can also be used for major incidents such as 
truck accidents, which can close an entire freeway: Once again, 
the advance planning fosters quick response and action. 

5. Special Event Traffic Handling 

The team can often quickly and efficiently design, analyze and 
operate a traffic routing plan for a special event such as a parade 
or fair. The transit authority can provide express bus service to 
the event while the highway department and city can provide 
signs telling the driver how to get to the bus service and the 
event. The police department can direct the traffic around the 
event and provide temporary traffic control at intersections. 

What is a Team Meeting like? 
The team should be a group of transportation professionals with 
mutual respect and confidence. Below are a few guidelines which 
might help in setting up and running team meetings. Each team is 
different though, and this is reflected in the way the team operates. 

1. 

2. 

3. 

Most teams in Texas hold monthly meetings, but some only 
hold them every other month or quarterly. It is important to 
schedule the meeting well beforehand so that all the 
members will have ample time to arrange their calendars. 

This can be easily done by setting a standard meeting date, 
such as the second Tuesday of each month at 2:30 in the 
afternoon. 

The same people must attend the meeting each time rather 
than send an alternate. This helps to create a spirit of cooper­
ation and respect among the team members and a more 
comfortable working situation. 

The meetings should be informal. A chairperson helps in 
coordinating the discussion; however, with such a small body, 
formal rules that tend to stifle the interaction of the team are 
not needed. Most teams use a short prepared agenda of 
three or four items submitted by the team members and leave 
time for impromptu items. One type of problem should not 
be allowed to dominate the meeting; rather, an attempt 
should be made to have a mixture of subjects on the agenda 
that will keep everyone interested and involved. 

4. After discussion, the team reaches a verbal consensus on the 
solution to a problem. Generally, actions are not taken in the 
name of the team; however, the responsible agency or 
agencies will take steps to implement the plan. The team 
members must be able to make decisions about committing 
their agency's resources to a team project and also be close 
enough to the operation to be able to effectively discuss the 
issues. 

How are the team and its projects funded? 
Generally, in Texas, the teams have not had dedicated funding 
sources. Rather, each agency funds its own improvements with its 
normal budget. 



How much time does being involved in a team take? 
Attending team meetings does take time away from a busy 
schedu le, but most team members feel that this time is more than 
compensated for by the reduction in time wasted because of 
misunderstandings, redesigns, and letter writing. The team gets 
problems out in the open early and everyone benefits from the 
improved communication, coordination, and cooperation. 

Teams are being formed in all areas of the state. 
There are currently 24 Traffic Management Teams operating in 
Texas in areas ranging in population from 5,000 to 3,000,000, 
including nine of the largest metropolitan areas. Many of these 
teams are operating effectively in rural and smaller urban areas. 
Our experience has shown that teams are of considerable help in 
guiding agencies toward their common goal of Improving traffic 
conditions. 

The team is a local effort. It is geared toward looking at all aspects 
of traffic operations, not just one issue or project. However, for a 
large, on-going project, a separate task force may be needed to 
coordinate efforts. 

Traffic Management Teams are needed now and in the 
future. 
As our streets and highways become more and more congested and 
the cost of purchasing right-of-way escalates, the role of traffic 
operations will assume an even greater importance in the years to 
come. And as a forum for the transportation related agencies of a 
city or metropolitan area, the Traffic Management Team will play an 
important part in the enhancement of traffic operations. The team 
will provide a systematic and effective approach toward the 
improvement of traffic operations in a city and surrounding areas. 



Institutional Issues in ITMS: 
TRANSCOM's Experience in NY and NJ 

Matthew Edelman and Paul A. Einreinhofe,J 

TRANSCOM is a coalition of traffic, transit and police agencies in the New York metropolitan 
region. The Bergen County, New Jersey Police is one of the participants in this coalition. One of us 
writes from the perspective of the manager of this coalition. The other writes from the perspective of a 
key agency participant who has helped to make the coalition work. We have worked together in the last 
few years with an appreciation of each other's perspective, and we have faced many of the institutional 
issues involved in integrated traffic management systems. We have faced these institutional issues in 
dealing with basic problems, such as sharing information on incidents. They come up again as we develop 
coordinated, regional responses to incidents and major construction. They are with us as we implement 
proven traffic management technologies, such as remote video surveillance (CCTV) and highway advisory 
radio (HAR). Further, we have overcome a number of these institutional problems to the point that this 
region, despite its institutional fragmentation, has set the stage for being an active participant in IVHS. 

Two Different Agencies - One System - Located in Jersey City, New Jersey, TRANSCOM is 
frequently referred to as a United Nations of traffic and transportation. t Like the U. N., it has 
considerable responsibility, but limited authority-yet, it can be quite effective when the members see 
how their collective interest can be enhanced through cooperation. TRANSCOM is funded, staffed and 
governed by its members. It has an Operations Information Center (OIC), open 24 hours/7 days a week, 
which shares incident information by alphanumeric pager, phone and fax, among over 100 highway and 
transit facilities, police agencies and the radio traffic services. It also serves as a forum for incident 
management planning, construction coordination and for the shared testing and implementation of traffic 
and transportation management technologies. 

The Bergen County Police, based in Hackensack, New Jersey, is not one of the 14 members but they 
are active in the network. Bergen County is a heavily developed suburban county with a population of 
approximately 850,000. It is home to a number of corporate headquarters including Lipton and Volvo 
America. The key north-south corridor, 1-95, passes through Bergen County, as does 1-80 to the west. 
It is also the western terminus of the George Washington Bridge, the busiest vehicular crossing in North 
America. The Bergen County Police are responsible for, among other things, incident response on key 
Primary Highways, including Routes 4 & 17, the former feeding into the George Washington Bridge. 
On paper, the Bergen County Police is a local entity but, in reality, given the county's strategic location, 
it is constantly affecting and is affected by regional traffic. 

1 Matt Edelman is the General Manager of TRANSCOM in Jersey City, New Jersey. Paul 
Einreinhofer is a Sergeant with the Bergen County Police in Hackensack, New Jersey. 

t The 14 member agencies are: New York State Thruway Authority, Metropolitan Transportation 
Authority, New Jersey Department of Transportation, New Jersey Highway Authority, New Jersey 
State Police, New Jersey Transit, New Jersey Turnpike Authority, New York City Department of 
Transportation, New York State Department of Transportation, New York State Police, Palisades 
Interstate Park Commission, Port Authority of New York and New Jersey, Port Authority Trans­
Hudson (PATH) and Triborough Bridge and Tunnel Authority. 
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Many Jurisdictions, In All Sizes - Traffic officials visiting from other regions have said to us at 
times, there are "too many" jurisdictions in the New York metropolitan area, how do you get anything 
done? Since we have to deal with our world as it is (i.e., we are not about to have states, municipalities 
and toll authorities surrender control to a new regional authority), we prefer to say that we have "so 
many jurisdiction" rather than "too many jurisdictions." Within these constraints, we look at the 
relationships among the agencies and within each agency. We then find ways of appealing to the self 
interest of each agency that are consistent with the collective, regional interest of all the agencies. 

Before we discuss how we work to overcome institutional barriers, let's first look at the jurisdictional 
structure in a bit more detail. We have five toll authority members. One deals with bridges and tunnels 
within New York City, one with bridges and tunnels between New York City and New Jersey, two with 
limited access highways in New Jersey and one with limited access highways in New York State. In 
addition to having two state DOTs (NYSDOT and NJDOT), NYCDOT and NYSDOT have joint 
jurisdiction within the city of New York, with day to day operations the responsibility of NYCDOT. The 
bridge and tunnel authorities handle their own incident response. The highway authorities contract with 
state police to do this. In New York City, incident response is done by NYCDOT and NYPD. In New 
Jersey, incident response on the non-toll interstates is done by the State Police. On the primaries, it is 
done by varying combinations of county and local police. (For example, the six miles of Route 1-9 from 
TRANSCOM's offices in Jersey City to Newark are owned by NJDOT but incident response is done in 
different segments by the Jersey City, Kearny and Newark police departments.) 

In the name of saving space, we have by no means described the complete inter-agency structure. It 
does give a starting point, though, for demonstrating an environment in which institutional barriers are 
a fact of life. 

Picking Up The Phone - No matter how much cooperation you have among commissioners, no 
matter how much enthusiasm and support you have among operations directors, no matter how large or 
stable your funding is, no matter how many cooperative incident management plans you've developed, 
we have found that unless the communications officer at the desk picks up the phone and notifies the 
outside world when an incident takes place, all of this support and cooperation can be for naught. The 
number of notifications coming through TRANS COM have increased many times over since the OIC was 
opened in 1986. Bergen County Police were some of the first to "pick up the phone" and call 
TRANSCOM. This didn't happen overnight either; it involved time to get communications personnel to 
expand the framework in which they view the impact of an incident. 

As people at this conference already know, and will undoubtedly hear throughout, local police 
already have their hands filled with an incident just thinking locally, e.g., helping the victims, doing 
accident investigations, arranging for vehicle removal, clearing debris and addressing any hazardous 
materials concerns. The fact is, though, that incidents in the Bergen County Police's jurisdiction can 
affect, among others, the New Jersey Turnpike, the Garden State Parkway, the Palisades Interstate 
Parkway, the New York Thruway, the George Washington Bridge and even, from time to time, New 
York City. What helped to motivate Bergen County Police to make the call to TRANS COM was the 
appreciation that these linkages work both ways. A major incident on NYC's Cross Bronx Expressway 
can not only back up to the George Washington Bridge, but beyond into Bergen County. Now, when 
someone at the communications desk sees that Route 4 is backed up despite there being no incidents on 
that highway, he knows through TRANSCOM that the source of the problem lies on another agency's 
roadway. He also gets updates on the incident's severity and a notification when it clears. The importance 
of reaching out to others is hit home by seeing how it is in your self interest for others to reach out to 
you. 
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How Inclusive Should You Get? - The picture we painted above is one in which the jurisdictional 
structure is comprised of large agencies: DOTs, state, city and county police forces, and toll authorities. 
There is another level of jurisdictions as well, namely, numerous suburban police jurisdictions (in our 
region, literally hundreds). Along some of our busiest suburban corridors, you can have a different local 
police force at each exit. To include them in implementing ITMS can add more players than is 
manageable. To exclude them could be taken by local police as arrogance on the part of the larger 
agencies, because their communities often can be severely impacted by the handling of an incident in a 
major corridor. 

Finding the appropriate balance between inclusiveness and exclusiveness is difficult and varies from 
corridor to corridor. TRANSCOM has put together traffic and incident management planning teams for 
six major corridors, four of which involve numerous small police forces. In this case, the decision has 
been made to invite the locals in. This often involves doubling the number of participants (in one 
corridor, between toll authorities, state DOT's, county agencies and locals, we have well over 20 
agencies). It is understood that this can be a deliberate and complex process-adding more players to 
ensure proper implementation has, from our experience, been worth it. 

With regard to our interagency incident notification network, the decision has been to be less 
inclusive. In Bergen County, Route 4 & 17, two major high incident roadways, go through 7 and 19 
municipalities, respectively. For TRANSCOM to bring each of these agencies on to the network (for what 
in most cases .could be a few major incident phone calls per year), it would not be worth the time invested 
in working with and motivating each local agency to get involved. Thus with the exception of Fort Lee 
(which lies in the critical location at the west end of the George Washington Bridge), TRANSCOM relies 
on Bergen County Police for reporting incidents on these roadways. We have found that in our region, 
agencies such as this have both the local sensitivities and the regional perspective. 

"Turf Battles" and Personality Conflicts - Sometimes the former get mixed up with the latter, but 
in finding solutions, it is important to differentiate between the two. Turf battles can be based on 
substantive issues-while you as the advocate for ITMS believe the system as a whole will benefit, that 
doesn't mean that individual agencies will not be impacted in terms of a change in their role or powers. 
These conflicts should be dealt with head on whenever possible-ITMS advocates should not pretend that 
there aren't problems in their dealings with these agencies. Personality conflicts are harder to work 
through (though it is remarkable how some seemingly intractable turf problems suddenly go away when 
certain individuals go to new positions). Personality conflicts are also a function of people's training and 
how broadly they define their professional loyalties. Thus, a change in personnel is not so much a change 
from "bad guys" to "good guys" as it is a change in different individuals' views of themselves in relation 
to their working environment. 

TRANSCOM's experience in developing its construction coordination program, while not ITMS, 
provides an illustration of how we work to overcome turf problems in an interjurisdictional environment. 
The dilemmas we had to deal with were quite similar to those that arise in implementing an ITMS. 
TRANSCOM set out a number of years ago to develop a program that was designed to reduce the 
likelihood that different member agencies would simultaneously restrict capacity by closing lanes on 
parallel facilities in the same direction. While it was each agency's responsibility to avoid parallel closings 
within its own network, it was TRANSCOM's role to get involved when the parallel facilities involved 
more than one agency. 

In an era of tight budgets and complex infrastructure renewal projects, this kind of intervention by 
TRANSCOM was not always welcomed by some construction engineers. Their jobs are already complex 
enough, and the pressures to get projects done on time and within budget in a difficult working 
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environment can be enormous. The appearance of TRANSCOM, requesting an alteration of construction 
schedules would, understandably, not always be greeted enthusiastically. TRANSCOM did not pretend 
these turf issues didn't exist-indeed, we have enormous respect for the constraints these engineers work 
under. Rather, we have added an additional set of constraints into the equation: reductions in capacity 
on parallel facilities can create operational problems, customer inconvenience and political problems for 
all of us. While we will not go into detail on how this program then developed, the result is now a 
process in which agencies modify schedules to accommodate the needs of other agencies a number of 
times a year. Turf conflicts are implicit in a program like this-they are dealt with by understanding that, 
personalities aside, the agencies' engineers are expressing legitimate concerns. 

Implementing Technology Improvements - The interchange of Routes 4 & 17 in Bergen County 
is, by the agreement of just about everyone concerned, the worst in New Jersey in terms of number of 
incidents. Designed generations before the current level of development in the county, it is known not 
only for problems for commuters, but for those trying to patronize the large shopping malls that have 
been built in its vicinity. Bergen County Police, NJDOT and TRANSCOM had long wanted to put some 
form of incident detection and motorist information system there. When FHWA funds were made 
available in 1990 for TRANSCOM to implement CCTV and HAR systems, this site was a prime 
candidate. Since we are not dealing with a region with a single agency with control over all of the limited 
access highways, we were faced with new interjurisdictional issues in allocating these funds and then 
implementing these improvements. 

The TRANSCOM members established criteria for selecting sites for CCTV and HAR. Criteria, such 
as frequency of incidents and impact of incidents on other agencies, were designed not only to find the 
best sites but, ideally, to strengthen mutual support among the member agencies, as well. Even with some 
very stiff competition, 4 & 17 came out as one of the top projects. Again, without unified management 
of the limited access highway system, a separate process for design and operation of each of the selected 
sites had to be set up. For 4 & 17, design has been done by the owner of the roadway, NJDOT. 
Operation of the system, monitoring the cameras, responding accordingly to problems on site, and 
operation of the HAR system is to be performed by Bergen County Police. TRANSCOM will be given 
access to the system for messages of regional impact. An additional set of actors is involved because one 
of the other selected sites, CCTV at Exit 163 on the New Jersey Highway Authority's Garden State 
Parkway, is within a few miles of the 4 & 17 interchange. Thus, part of the Parkway's mainline is 
covered by the 4 & 17 HAR. The New Jersey Highway Authority will do the design for its cameras, 
monitor them from its communications center in Woodbridge 30 miles to the south and be given access 
to the HAR as well. 

Certainly, we have a lot of actors involved for a fairly basic system involving three or four cameras 
and an HAR. All these jurisdictions are a fact of life we accepted; we all worked face to face and 
developed an understanding of each other's concerns. We all understood though that we all benefitted by 
maximizing the use of the system and this is what motivated each of us to overcome interjurisdictional 
issues. 

Crossing State Lines - What would seem to be a more dramatic institutional issue than a major 
corridor separated by a state line right in the heart of a major metropolitan area? From our experience, 
this may be less of a problem than it seems. Advocacy for ITMS often comes from DOTs. Their staffs 
appreciate the spill over effects of incidents and understand that they need the help of others across state 
lines. (Simply put, if there is one thing a state DOT has particular respect for, it is a state line). From 
an administrative standpoint, .having more than one state involved can be a complicating factor, as is 
noted further on. 
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State lines in themselves, do not produce any more problems for our coalition than other adjacent 
jurisdictional boundaries. The more complex institutional issue for our coalition has to do with identifying 
and appreciating one's linkages with agencies that are not immediately adjacent to one another. For the 
Bergen County Police, it took more time to develop an appreciation of our interdependence with 
NYCDOT, for example, than it did with the immediately adjacent George Washington Bridge. 

One way that this institutional issue was addressed was through the development of a working 
interagency variable message sign (VMS) and HAR inventory. In effect, the existing investments that 
each agency has in these technologies are made available to other agencies through TRANSCOM. Since 
one often strives in using these resources to divert regional flows as far upstream from the incident as 
possible, one agency is often called upon to deploy resources for other agencies that are quite distant. The 
New York State Thruway in suburban Westchester County will put up a message on a fixed VMS sign 
to warn motorists that the Triborough Bridge and Tunnel Authority's Whitestone Bridge between the 
NYC boroughs of the Bronx and Queens is closed. The New Jersey Turnpike Authority will place a 
portable VMS in central New Jersey advising truckers of a temporary truck ban on the Verrazano Bridge 
between Staten Island and Brooklyn. 

We noted before how the communications officer at the Bergen County Police was motivated to think 
in a regional context and call TRANSCOM. The VMS/HAR inventory has a similar effect with operations 
personnel. They have an incentive to deploy motorist information resources to help distant agencies 
because they appreciate how these agencies can help them out during major incidents and construction, 
as well. 

Different Goals Depending Upon Professional Backgrounds - We have found that engineers and 
police are motivated in different ways. Police are often more resistant to ITMS initially than engineers, 
the latter being more responsive to the technical arguments for ITMS. Engineers are more inclined to see 
regional linkages because of their training. Police, on the other hand, must live from day to day with the 
actual on site affects of an incident, they know first hand just how bad it can be out there. So when they 
are ultimately convinced that ITMS will help them in their work, they can become extremely enthusiastic 
proponents of regional approaches. 

A police lieutenant on one of our interagency incident management teams was skeptical that 
TRANSCOM could mobilize so many regional motorist information resources at one time. In the midst 
of a major incident, unknown to us, he took off in his car to Long Island, Westchester and New Jersey 
to see if all the messages really were put up. They were. He called up to tell us what he did and that he 
is convinced the system works. Since then he has been a strong advocate for our efforts-he can even 
push the rest of us farther than we expected to go. 

Balancing Freeway vs. Local Traffic - In the forthcoming implementation of CCTV and HAR at 
the Route 4 & 17 interchange, the Bergen County Police are working under the assumption that quicker 
detection and clearance of incidents on 4 & 17 will benefit local roadways as well. Within a 3-mile radius 
of the Route 4 & 17 interchange there are five municipalities, and one toll authority. This represents six 
police departments in addition to the Bergen County Police. 

Many state DOTs understandably have a major responsibility just focusing on state highways. They 
often lack the authority or resources to coordinate the entire network. For example, the Bergen County 
Road Department spends large amounts in upgrading intersections and in road widening projects. These 
projects are partially necessitated by the volume of vehicles attempting to by-pass the traffic congestion 
on the two state highways. NJDOT invests money in attempts to keep the corridor traffic moving, while 
doing it~•best to consider the secondary road traffic caused by the same congestion. 
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The state police department is not charged with patrolling the state highways, leaving that 
responsibility to local governments. The local governments believe that response and enforcement on the 
state roads should ideally be the state's responsibility, so dedication of municipal resources to that task 
is minimal. The Bergen County Police fills that "jurisdictional" gap within iti; own capabilities. 

The objective is to balance the freeway and local road traffic into common goals for facility 
operations. The completion of the CCTV/HAR project will hopefully improve the quality of information 
to everyone and further enhance cooperation. 

In Bergen County, how does one resolve the diversion of traffic from freeways onto local streets? 
No locality wants traffic off a freeway, yet Bergen County Police certainly don't want to keep people 
sitting indefinitely behind a freeway incident. In dealing with this, the state, county and localities have 
come to terms with the fact that diversion is going to happen anyway-they can either work together, or 
they can just let things happen. The county and state understand that it is incumbent upon them to use 
whatever technologies possible to keep traffic on the freeway system, bringing about regional diversions 
and minimizing the traffic stuck behind an incident requiring a local diversion. The localities have a 
growing appreciation of the state and county's continuing efforts and in turn, when some local diversion 
is inevitable, they are showing an increasing understanding of this reality. 

Finding Personnel to Develop Plans - TRANSCOM has definitely found this to be an issue for its 
incident management planning teams, as well as some of its other programs. You can have a dozen major 
agencies in a room agreeing to a diversion strategy, but no one has the staff to put it all together. 
TRANSCOM has found that the key is to serve as staff to the interagency teams and do the work for 
them. Going back to the U.N. model, the best way to bring a team together is to give them authority to 
define and implement the plan while TRANSCOM has the responsibility to do the technical work. 

This approach requires a regional entity with the staff and funding to do this in a number of 
corridors. TRANSCOM has found that to go beyond its six corridors to put teams together for every 
major corridor would require far more staff and local funding than is currently available. Given these 
constraints, TRANSCOM has taken the approach of building on what it learned with these teams and 
developing a generic approach that is applicable to major incidents and construction anywhere in our 
region. The VMS/HAR inventory noted previously is one element of this approach. 

Developing a Regional Entity to Facilitate ITMS Implementation - Building on the point above, 
we have found that volunteers and the goodwill of busy people from participating agencies can only take 
you so far. Staff is needed with a local funding base to support this. First of course, you need the 
willingness on the part of all the agencies involved to create a regional entity. Those whose regions are 
in one state are the more fortunate ones. When creating, funding, staffing and directing a new entity, life 
is simpler when you only need to deal with one state's administrative process. 

Again, as with the U.N. model, TRANSCOM does not have, nor does it pretend to have, power over 
the dozens of agencies on its network. Everything works by voluntary compliance and motivating people 
by linking their self interest with the regional interest. It works for us, but in a region like ours, we have 
no choice but to do it this way. This constraint has not limited us as we move as a region into IVHS. 
This year, seven agencies (three DOTs and four toll authorities) are working with FHWA to implement 
IVHS in the corridor between Staten Island and central New Jersey. The effort will determine the 
feasibility of building on electronic toll collection technology for incident detection. With IVHS, we are 
dealing with a complex problem, and as with other things we do, we don't pretend that there is always 
harmony. What matters most though is that there is a forum where people can work things out face to 
face for the benefit of the region and traveling public. 
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INTRODUCTION 

Funding ITMS 

Alan Clellanat 

The successful implementation of any traffic management system is a combination of several factors 
such as sound design, well managed 'implementation and competent operation and maintenance. A 
common thread through all these activities is the availability of adequate funding for every stage of the 
project. Yet, while much has been written to assist the engineer in all these project tasks, little is offered 
to help in securing the all important funding. 

This was recognized by the then Orange County Transportation Authority when it commissioned a 
study for a Traffic Operations Center (TOC) for the county's freeways. The freeways fall into District 
12 of the California Department of Transportation (Caltrans). As well as a thorough analysis of TOC 
operations and Traffic Operation System (TOS) alternatives, the study included an investigation of 
potential funding sources. 

This paper aims to provide some insight into pursuing the funding of integrated traffic management 
systems and is based upon the results of the funding opportunities analysis carried out as part of the TOC 
study (J). The characteristics of the Orange County system are described with respect to integrated traffic 
management system components. This is followed by an overview of general aspects of the pursuit of 
funds and a description of those funding sources identified by the study as being applicable to the 
implementation, operation, and maintenance of the complete Traffic Operations Center (TOC). All aspects 
of project funding are addressed, including operations and maintenance. 

The funding sources are categorized as: 

• Locally generated 
• State-based funding 
• Federal sources 

While some of the sources described are obviously specific to Orange County, it is anticipated that 
there will be available local parallels in many regions. The intention is to draw attention to funding 
sources which may not be traditionally available to traffic operations projects. 

THE ORANGE COUNTY TRAFFIC OPERATIONS CENTER 

Up until the late 1980s, the freeways in Orange County came under the jurisdiction of Caltrans 
District 7, headquartered in Los Angeles. The rapid growth in Orange County coupled with an equally 
rapidly expanding freeway network led to the formation of Caltrans District 12 for the county. With the 
locating of the Caltrans District 12 offices in the Santa Ana facility, came the reservation of limited space 
for a Traffic Operations Center. However, the district's freeways are still monitored by the Semi­
Automated Traffic Surveillance System (SATMS) located in the District 7 TOC. Similarly, District 12's 
full matrix changeable message signs (CMS) are controlled by District Ts CMS central. 

* Alan Clelland is Associate Vice President of JHK & Associates in Pasadena, California. 
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District 12 produced a 10-year Traffic System Management Plan in 1989 which identified the 
expansion of the freeway surveillance and CMS and introduced elements such as closed circuit television 
(CCTV) and highway advisory radio (HAR). 

One of Orange County's major cities is Anaheim which is the home of several special event 
generators such as Disneyland, the Anaheim Stadium and the Convention Center. The city has been 
successful in developing and implementing a Traffic Management Center with such system elements as 
a centralized traffic management system (TMS), CCTV and CMS. 

The need for access to freeway conditions as part of event management in the city has led to the 
installation of an intertie between the Caltrans District 7 TOC and the Anaheim TMC (2). Freeway 
conditions and CMS status are transferred from the TOC to the TMC for display on real-time high­
resolution graphics displays. District 12 receives the data for similar display via the Anaheim TMS 
through a TMC to District 12 TOC intertie. This intertie also allows Caltrans District 12 access to 
Caltrans traffic signal contcollers operating under the Anaheim TMS through a remote terminal support 
capability. Recent projects in the Anaheim Stadium area will add the capability of transferring video 
images on this intertie and providing for the integrated operation of CMS and HAR motorist information 
systems between Caltrans and Anaheim operations personnel in several areas of the city. 

The TOC study identified future Caltrans operations as being coordinated with other cities such as 
Irvine and Santa Ana as well as the forthcoming Transportation Corridors Agency (TCA) toll roads (see 
below). Amid all this activity, the SATMS and CMS central equipment is rapidly approaching end-of-life, 
causing District 12 to analyze options for replacement and implementation of its own TOS and CMS 
central. 

FUNDING PREPARATION 

Clearly, the developing District 12 TOC and its associated TMS fall into the category of an integrated 
traffic management system (ITMS) comprising diverse system elements complicated by the coordination 
of several independent operating agencies. This, however, is likely to become an increasingly common 
construct in urban traffic management projects; freeway and surface street agencies will develop the need 
to coordinate their operations to mitigate the impact of recurring and non-recurring incidents and maintain 
mobility on their facilities'. 

How then should these agencies best pursue the securing of funding to support such projects? This 
section suggests key components for a successfully funded TMS as a prelude to the identification of 
specific funding opportunities. 

Development of an Action Plan 

An ITMS will be comprised of either multiple system components or multiple agencies or both. It 
is inevitable, therefore, that the design and implementation of the ITMS will not occur in one major step, 
but in a piecemeal fashion. Individual agencies will get separate funding and individual components will 
come on-line independently. It is essential, however, that there exists an overall implementation plan 
which forma the blueprint for ITMS implementation. 

This Action Plan identifies the system components, their interdependence, costs and responsibility 
for implementation. With this information, the pursuit of funding can be focused to address ITMS 
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elements at appropriate points in the program and avoid premature deployment and incompatible 
activities. Equally important, this should also avoid "gaps" in the system at agency or sub-system 
interfaces. 

It is also recommended that, in the case of multi-agency projects, one agency takes a lead role in 
managing the overall ITMS implementation and coordinating activities. This may be very much a 
secretarial role in arranging meetings, setting agendas and distributing minutes of meetings but these 
provide an essential framework for project implementation. An excellent example of this has been the 
Katella Avenue Signal Coordination Project (3). 

Phased Implementation 

The complexity of an ITMS demands that a phased implementation approach is followed. This means 
that system components are identified which can be implemented and brought on-line independently. In 
this way, component functionality is confirmed prior to integration. Any problems arising during 
integration are automatically reduced in complexity. 

An additional advantage is that the incremental benefits of the system components can be experienced. 
Through phased implementation, the ITMS will progress as a series of successful steps; this will generate 
support for the project as a whole and help support the securing of funds for successive stages of the 
program. 

Targeted Applications 

Successful funding applications are those which are targeted at the most appropriate funding source 
for the project element to be funded so that the application can score highly against the selection criteria. 
This basic fact is often overlooked under the pressure to secure funds and submit applications on time. 
As stated above, the availability of an Action Plan will assist the matching of the targeted fund to the 
most appropriate element. 

Leveraging 

This can be summed-up by the phrase "Big oaks from little acorns grow." It may prove difficult or 
even impossible to totally fund an ITMS because of the magnitude of the program and the diversity of 
system elements, hence the need to target individual elements for implementation. However, as it can be 
shown that any given element forms part of a coherent, integrated plan, funding form one source can be 
used as leverage to gain funding from another. 

Consider the case of an agency which has access to a limited amount of local funds, e.g. $100,000 
of city monies which could be used to fund a small element of the ITMS Action Plan. This can be used 
to support an application for state funds and gain an advantageous position by asking for a reduced state 
match, for example $400,000 at an 80:20 state to local match. The total $500,000 can then be used as 
leverage for a similar federal matching arrangement, resulting in a total funding of some $2 million. 
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FUNDING SOURCES 

Locally Generated 

Transportation Corridors Agency (TCA) 

The TCA has been established specificaJly to construct three toll road facilities within Orange County. 
The combined facilities total approximately 65 miles of new construction. Funding for the construction 
is to come from two primary sources: dedicated developer fees and tolls. After the facilities are 
constructed, they will turned over to Caltrans for continuing operation and maintenance. TCA projects 
are to be implemented over a 7-year time period, with the first section available in 1993. There is some 
uncertainty with the funding, because of the dramatic slow down in development in the county. However 
it is expected that development will accelerate when the economy strengthens and that the funding will 
ultimately be available. 

Opportunity - The plan for the TCA facilities includes a complete traffic operations system. This 
includes all of the features identified as needed for the District 12 TOC. A fiber optic-based 
communications network is to be provided to support the TOS and the toll collection system. The toll 
collection system is to emphasize automated collection using A VI technology. The TCA program, 
as defined in their concept plan for traffic management, includes a traffic control center and all 
related system software, system integration, and operational planning services. The TCA feasibility 
study identified a total cost for the traffic management system of $70-75 million, including a 
significant value for the TOC and related services. 

The TCA funding, then, could be used to build the TOS infrastructure on the new roadways that they 
construct. Funds could also be made available to assist in developing the traffic operations center in 
lieu of building a separate facility. 

Constraint- The TCA funds cannot be used for infrastructure outside their roadways. Also, timing 
of availability of funds is questionable given current development conditions. It is also likely that the 
funds will not be available for continuing operations and maintenance, although some latitude might 
be available and should be considered. 

Measure "M" Funds 

Measure M, a one-half cent local sales tax increase to fund transportation improvements, was passed 
by Orange County voters in November, 1990. Over the next 20 years, revenues from this tax are 
projected at $3.1 billion. As part of this ballot measure,. the Orange County Transportation Commission 
(OCTC) developed a 20-year Master Plan which allocates Measure M Revenues toward specific projects 
in the categories of Freeways, Streets and Roads, and Transit (including rail). The implementation of this 
spending plan will be supervised by a Citizens Oversight Committee and any changes must be approved, 
in advance, by this group. Funds were to become available in July, 1991. 

Despite having received approval from Orange County voters, Measure M is currently undergoing 
a legal challenge that was filed by several groups who opposed the measure during the campaign. This 
has delayed the availability of the funds. 

Based on the existing Measure M funding split between freeways (43 percent), local streets and roads 
(32 percent), and transit (25 percent), it is possible that part of these revenues could be used to construct 
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and maintain a TOC. In addition, any funds spent on a TOC would benefit from a public perception that 
improved traffic flow on regional freeways provides the greatest overall benefit for the largest number 
of drivers. 

Several segments of existing freeway are to be partially funded for reconstruction with Measure M 
funds. The infrastructure for the TOS would be expected to be included in the reconstruction projects and 
the Measure M funds might be applied on a pro-rata basis to this element. It might also be feasible to use 
a pro-rata portion of the funds for elements of the TOC. 

Opportunity - Measure M funds can be used on the facilities identified in the program. 

Constraint - Funds may only be used for identified sections of roadway with any deviation approved 
by an oversight committee. The funds do not appear to be available for continuing operations or 
maintenance, however there is a category for "maintenance and operations" noted in one element of 
Measure M. The allowance of use funds for these purposes needs to be examined further. (As a note, 
the one-half cent sales tax measure in Los Angeles County is funding the continuing tow services on 
the more congested freeways.) 

Privanzation Projects 

There are two "privatization" projects being developed in the Orange County area. The first, covers 
a toll and HOV facility for a section of SR-91 from SR-55 to the Riverside County Line. The facility is 
to provide two lanes in each direction, reserved for toll and HOV vehicles. Toll collection is to be by 
fully automatic means. 

The privatization project will include funds for a traffic management system. The working budget 
provides for the communications network and related infrastructure for the new facility. In general, the 
infrastructure covers only the new lanes, however, it is also adequate to provide for most of the SR-91 
facilities. Additional detection and signing will be required. 

Opportunity - The SR-91 project may significantly reduce the cost for the TOS for all of SR-91. 
This should be treated as a "given" in developing the funding program. Also, the project is expected 
to generate significant funds for capital recovery (payback in 7 to 10 years). The potential for 
"charging" the project for operations and maintenance should be considered. Also, the project should 
be considered for funding of a pro-rata share of the operations center. 

Constraint - The area of coverage is limited and funds can be used only for the affected area. 

The second privatization project, known as the Santa Ana River Viaduct, involves the construction 
of a facility in the right-of-way of the Santa Ana River. The link, to be built as a toll facility, significantly 
improves access to southern Orange County and provides a connector to the TCA projects. Agreements 
for the project are not as far along in development as the SR-91 project. It would be expected that all 
TOS-related items will be directly integrated into the project and be paid for by the project. In this sense, 
the project does not "add" to the initial cost of the TOS. It does add cost to the continuing operation and 
maintenance of the system by adding mileage and equipment. 

At the same time, this project is on a new alignment and does not replace or supplement the need for 
any planned TOS facilities. Therefore, there is no potential cost savings to the TOS associated with this 
project. 
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Opportunity - The project can provide TOS features for the new facility. Further, the project should 
be examined to determine its potential for contributing to continuing operations and maintenance, 
particularly since the initial capital investment does not offset any planned investment in the TOC. 
The project may also be considered for contributing to the initial cost of the operations center on a 
pro-rata basis. 

Constraint - The project involves a new roadway and funding is generally applicable to the new 
facility only. 

Orange County Unified Transporlation Trust (OCUT1) 

OCUTI funds are those monies which have accumulated, as interest, since 1985, on a "transit 
savings account" of approximately $85 million. This transit savings account has resulted from OCTC's 
and the Orange County Transit District's (OCTD) annually setting aside a portion of the Local 
Transportation Funds (L TF), which has been earmarked for the eventual construction of a barrier­
separated high-occupancy vehicle (HOV) lane, or transitway, throughout central Orange County. 

The OCUTI program is administered by OCT A, with half of the money being spent on local streets 
and roads, and half on other types of projects such as state highways, freeways or superstreets. This 
year's OCUTI account is projected to be about $8.5 million. Agencies eligible for OCUTT funds include 
the county of Orange, the cities, and Caltrans. Also, each year, the funds contained in the streets and 
roads component of the OCUTI program are directed toward a specific aspect of local jurisdiction needs, 
with last year's focus on signal coordination, and this year's focus on road rehabilitation and 
reconstruction. 

The OCTA is currently planning to divert the OCUTT, to fund a Commuter Rail Endowment Fund. 
Based on current subsidy levels, this would use approximately $5.4 million. 

Opportunity - Diverting a portion of OCUTT funds may be an option for fast-tracking the expansion 
of the Phase I TOC. Continuing funding at a relatively low level may also be possible, especially in 
the emphasis area of interties with local agencies. 

Constraint - The funding levels are relatively low and significant demands exist for the funds. 

Local. Motor Vehicle Registration Fee 

In 1990, the California Legislature passed a motor vehicle registration fee increase (Sher-AB 2766), 
to be assessed to drivers in the South Coast Air Basin, to provide funding for mobile source air quality 
mitigation programs within that area. Beginning April 1991, an add-on fee of $2.00 per vehicle will be 
assessed annually, with the fee being increased to $4.00 in 1992. Forty percent of this revenue will be 
allocated to SCAQMD, 30 percent to local governments on a per capita basis, and the remaining 30 
percent toward a "discretionary fund." Any type of project, whether sponsored by government or by the 
private sector, having some direct connection with air quality would be able to compete for the revenues 
within this discretionary fund. 

It is estimated that with the $4.00 per vehicle fee, by FY 1993-94, Orange County vehicle 
registration alone should generate about $8.3 million towards the discretionary fund. Orange County, 
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however, will not be the sole benefactor of this revenue stream, as the funds will be divided, per 
legislative formula, to fund both regional and local projects. 

With the direct relationship between the TOC and air quality, there should be a strong case for 
pursuing the discretionary element of these funds. There is also a possibility that authorization will be 
given to local agencies to increase these fees. Consideration should be given to establishing an annual fee 
dedicated to supporting continuing operation and maintenance of the TOS. 

Opportunity - The funds could be used for any element of the project, especially where a direct 
benefit to air quality is apparent. Further, given the continuing nature of the funds, opportunities may 
exist for funding of a portion of the continuing operations costs. This would appear especially 
appropriate for the elements of tow services, incident management, and traveler information systems. 

Constraint - The funding levels are not large, given the likely demands. Also, a clear tie to air 
quality improvement must be made. 

State Funding Sources 

State Gas Tax Funds (General) 

The state of California levies a gas tax on each gallon of fuel sold. The gas tax is dedicated to 
transportation improvements, with Caltrans and local agencies as the recipients. The tax has recently been 
raised from 9 cents per gallon to a programmed 18 cents per gallon. Five cents of the new tax increment 
is in effect and an additional cent will be added each year until the full value is reached. The new tax 
increment includes special funding for "TSM" and "Congestion Relief' programs and are discussed 
separate} y. 

The gas tax fund has classically been the major source of funding for the California freeway system. 
It is used to "match" federal funds for selected major projects. It is also the funding source for continuing 
operations and maintenance. Prior to the recent increase, the funds were stretched to the limit to provide 
continuing operations and maintenance and to match federal funds. Significant cut-backs in Caltrans 
spending were expected if the new funds were not made available. 

As matching funds, the gas tax monies will play a direct role in the implementation of the TOC. Any 
project financed from federal and/or Measure M sources will be expected to provide the TOS 
infrastructure needed for that roadway segment. Additionally, under current constraints, the bulk of 
continuing operations and maintenance costs are likely to come from these funds. (Note that currently 
federal funds cannot be used for operations and maintenance. However, that may change with the new 
Surface Transportation Act.) 

The gas tax funds are subject to annual budgeting and to a 7-year capital funding plan. The capital 
funds are administered through the Statewide Transportation Improvement Program (STIP) which is built 
from project requests at the regional level. Competition for the funds is fierce. With the introduction of 
the TSM funding program, it is more difficult to receive funding for TOS projects from the general gas 
tax fund, at least for the capital construction portion. 

Opportunity - The gas tax funds are an obvious source of funding for portions of the TOC project 
and for some or all of continuing operations and maintenance. This is especially true for the elements 
to be'included with major construction projects. 
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Constraint - Competition for the funds is severe and the availability of the TSM funds makes it more 
difficult for TOS projects to compete. Even with the increases in the gas tax funds, total funds may 
be stretched, given all of the projects that are in queue for funding. 

Transporlation Systems Management (TSM) Program 

The recently established Traffic Systems Management (TSM) Program of the gas tax fund seems to 
hold great promise as a possible funding source. The TSM Program guidelines that were established by 
the California Transportation Commission (CTC) in October 1989, define the appropriate uses of these 
funds to be "those projects designed to increase the number of person-trips which can be carried on the 
highway system without significantly increasing the design capacity of the highway system ... " According 
to the CTC guidelines, eligible project types specifically include "traffic flow improvements such as 
computerized synchronization of traffic signals and intersection improvements on conventional arterial 
roads and 1V surveillance, computerized message signs, and traffic operations centers on freeways"; also 
mentioned are "traffic metering systems, including meters on freeway on-ramps, freeway-to-freeway 
connectors, and freeway mainlines." Further, "demonstration projects to implement research and 
development in the field of traffic operations control systems" are also identified as an appropriate use. 

The California Streets and Highways Code requires Caltrans to submit a TSM plan to the CTC on 
December 1 of each year. This plan is required to contain a priority list of projects compiled from 
Congestion Management Programs (CMPs) throughout the state. These CMPs are required to be prepared 
annually by all counties with at least one urban population center of 50,000 or more persons. Candidate 
projects are recommended each year by Caltrans' headquarters (from applications submitted through 
Caltrans' district offices) and funds are awarded through a competitive process, based on availability, 
need and project merit. Total annual statewide funding for this program is forecast to be approximately 
$100 million. 

The TSM program currently operates on a 1-year funding cycle and projects are not required to have 
been included within the STIP. In fact, because the program was intended to provide for short-term 
funding, projects that have already been included within the STIP are no longer eligible for TSM funding. 
In addition, monies cannot be awarded to projects which are not yet ready to encumber funds. As a 
result, when funds are being requested from multiple sources, it is difficult for agencies to coordinate the 
timing of the receipt of funds from all sources so that they are in a position to receive and encumber a 
TSM funding award. To remedy this situation, in December 1990, the CTC recommended that the 
California Legislature reorganize existing TSM policies to reflect a multi-year funding program. 

TSM funds have been awarded to several projects in Orange County that directly reflect opportunities 
under this program. Caltrans District 12 has received approximately $0.5 million for the initial stage of 
the TOC and over $5 million for implementation; the city of Anaheim has received approximately $2.5 
million for two projects in the SR-57 corridor and over $3 million for the SR-91 corridor; finally, the 
city of Santa Ana has received over $5 million for a series of projects which will enable the 
implementation of an ITMS over a significant percentage of the city. 

Much of the city TSM project funds will include the freeway elements of TOS as well as integrated 
corridor control on the surface streets. Other local agencies applied for TSM funds that would benefit the 
TOS and may receive funding at a later date. Also, it is expected that Caltrans will continue to apply for 
funding for the TOS under the TSM program. 
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Opportunity - TSM funding would appear to be a major source for near term funding of elements 
of the TOC and should be aggressively pursued. This will be especially important if the TSM funding 
program moves to a multi-year program, allowing for planned implementation. Funding can apply 
to all elements of the project. 

Constraint - The current 1-year cycle makes it very difficult to plan around the funding. Also, the 
funding does not appear applicable to operations and maintenance costs. 

Fl,exible Congestion Relief (FCR) Program 

As with the TSM Program, the Flexible Congestion Relief Program was established in 1989. CTC 
guidelines, adopted in June, 1990, identify "traffic flow improvements" as an eligible expenditure under 
this annual statewide program. Projects are nominated through OCTA, working in concert with Caltrans 
to complete a Project Study Report defining project scope and costs. No local funding match is required, 
but because of county bidding limits, very high cost project applications must be shown as being divided 
into phases. Conceptually, this has already been done within the TOC draft implementation plan. 
Applicant projects should also be consistent with the RTIP, the STIP, and regional and state air quality 
management plans. CTC estimates the fund to be approximately $300 million per year. 

Opponunity - The congestion relief funding provides some opportunity for use in the TOC program. 
However, the opportunity appears limited given the availability of the TSM program. 

Constraint - The funding for the program is limited and the competition is significant. 

Caltrans IVHS Research 

Caltrans has received funding to conduct IVHS research projects and has requested proposals from 
the various districts. District 12 and the Univer ity of California-Irvine led a multi-agency team and 
submitted a program for the region. The project, oriented toward a test bed for IVHS, is receiving strong 
support and $7 million or more is being considered for funding over a 3-year period. The project includes 
elements that can support initial operations center implementation and ioterties to other agencies. The 
project will also provide some of the TOS infrastructure on the test bed area. Funds could be available 
as early as July, 1991. 

Opportunity - The IVHS research funds are directly supportive of the overall TOC program and 
would allow for early implementation of critical support elements of the Caltrans traffic operations 
center. Limited infrastructure can also be provided. 

Constraint - The funds are intended directly for research and development application so the 
majority of the funding will be used in that manner. The impact on the TOS is not substantial in 
terms of overall cost, however the early funding is significant. 

SB 565 (Bergeson) 

Under the California Streets and Highways Code, Section 2557, a $ 1.00 supplemental vehicle 
registration fee may be imposed on vehicles registered within a county to fund a motorist aid (callbox) 
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system on freeways, expressways and connecting highway routes within that county. This revenue source 
is currently used to fund Orange County's callbox system. 

Senator Bergeson (Newport Beach) has introduced a proposal to expand the permitted uses of this 
existing fee to include traffic operations and safety improvements. The current proposal requires that 
approval for these ancillary uses would have to be secured from Cal trans and the CHP. Possible 
candidates for funding would include, but not be limited to, motorist service patrols, changeable message 
signs, TOCs, and CCTV cameras for traffic surveillance. 

Opportunity - It appears that these funds could be used for both the TOC proper and for field 
equipment (CCTV cameras, CMS, etc.). 

Constraint - The initial purpose of these fees was to fund the cellular phone call box system. Until 
the system installation is complete, it seems unlikely that funds would be diverted to other uses. 

Petroleum Violation Escrow Account (PVEA) 

Under existing federal law, funds in the Petroleum Violation Escrow Account (PVEA) funds have 
been dispersed to the state by the federal government and deposited in the Federal Trust Fund. PVEA 
monies have been used in the past to fund statewide programs to relieve traffic congestion, such as 
vanpool grants and loans. Existing state law, however, does not provide for Smart Corridor-type 
optimized signal timing and corridor demonstration projects. Recently specific bills have been formulated 
to require county transportation commissions, using funds allocated by the CTC, to coordinate Smart 
Corridor demonstration projects on the state highway system. The bills would further require local 
transportation commissions to report on these projects to the Legislature. 

In the last legislative session, two such bills went before the state senate for the appropriation of over 
$6 million of these PVEA funds to the CTC for allocation to these corridor demonstration projects. 
Unfortunately, competition for PVEA funds resulted in only $1 million being allocated, and that to the 
Santa Monica Smart Corridor project. 

Opportunity - Future proposals could be formulated to provide some funds for implementing suitable 
corridor projects which might include portions of the TOC. 

Constraint - Significant competition from the urban counties in the state is to be expected. Because the 
corridors also include surface streets, some of these monies will be allocated to the cities involved. 

Federal Highway Administration (FHW A) Funds 

lntennodal Surface Transportation Efficiency Act (/STEA) 

The Highway Trust Fund, administered by FHW A under the Surface Transportation Act (ST A), 
provided a major element of funding for freeway construction. Interstate reconstruction projects include 
as much as 90 percent FHWA funds and selected traffic management projects are funded at the 100 
percent level. In all reconstruction projects, the TOS elements were eligible for funding as part of the 
project. Special projects covering TOS elements were also eligible for direct funding. Federal funds could 
also have been used for the TOC. The STA was in effect through September, 1991 and was essentially 
obligated for current projects in the STIP. 
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In addition to funding for the freeway projects, the STA included a category of urban funds, generaJly 
used for traffic management improvements on local streets. These funds aJso allowed a preferential match 
(100 percent) for traffic management projects. This funding base was generally committed by each local 
agency and would not generally be used for a freeway TOC. 

Congress has recently passed the replacement for the STA, the Intermodal Surface Transportation 
Efficiency Act (ISTEA) and which is a significant departure from the older programs. President Bush 
signed the act into effect on December 18, 1991. 

ISTEA comprises several funding programs ranging from air transportation to research and other 
papers in this symposium promise to analyze the total act in detail. However, the act includes several 
sources which are of direct interest to the funding of ITMS: 

• Surface Transportation Program 
• National Highway System 
• Congestion Mitigation and Air Quality Improvement 
• Intelligent Vehicle-Highway Systems Research Funds 

ISTEA is very promising for projects such as ITMS. Where the federal portion of general matching 
has been reduced to 60 percent, traffic management projects are at the 90 percent leve~. Instead of using 
a "cost to complete" analysis, the new act requires a cost-effectiveness analysis and TOS projects 
generally score very well in this regard. As agencies will have to develop congestion management plans 
as part of ISTEA, CaJifornia agencies will have a head start because of the current state requirements. 
TOCs are generally seen as an integral part of an overall congestion management plan, further supporting 
the project. 

ISTEA will continue to support major reconstruction projects, such as along 1-5 and the TOS 
infrastructure will directly qualify for funding as part of the projects. ISTEA also considers a new 
network of "streets of national significance" that will allow direct federal funding on a network of 
approximately 160,000 miles, with emphasis in urban areas, again an indication that urban congestion 
will be an emphasis area. 

Another major new element of the act is the opportunity to use federal funds for operations and 
maintenance. The current draft provides for funding of a two year "start-up period" where matching 
funds would be available. The appears to be some movement to allow continuing matching, at least for 
the operation of traffic management systems. Although it is too early to tell the final direction, it is likely 
that some funding will be available, at least for two years of initial operation. 

Opportunity - ISTEA continues all of the features of the existing ST A relative to TOS 
implementation and is an obvious source for funding a portion of the project. The new features of 
the bill make it an even better and more likely source. The opportunity also exists for operations and 
maintenance support. 

Constraints - The act remains non-specific in several areas regarding criteria for funding, assessment 
of projects and managing agency. This is likely to fuel competition for the funds and promote 
extensive lobbying efforts. 
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FHWA IVHS Research and Operational, Field Tests 

There has been significant interest at FHWA in moving the IVHS program forward. As an indication 
of this interest, the 1991-92 obligation for FHW A includes $20 mill ion earmarked for research and field 
testing oflVHS, up from approximately $4 million in the previous year. As part oflSTEA, $94 million 
for this fiscal year has been appropriated and the amount will increase to $113 million per year in the 
remaining 5 years of the act. 

The special IVHS funding (although part of !STEA) is not tied to a distribution formula, but will be 
made available to the most promising projects. The research activities are to be a smaller part of the total, 
with emphasis placed on actual field observations and test. With Caltrans' strong interest in IVHS and 
all of the on-going activities in the state, it is expected that California will receive a fair portion of the 
funds. The work in Orange County offers an opportunity to qualify for a portion of the IVHS funds, 
especially in areas that are more innovative and technology based. The IVHS funds are not intended to 
create the basic infrastructure, but to support continuing development. 

Opponunity - Funding could be provided for testing of technology, development and testing of 
innovative features such as expert systems, and related developments. Although the actual funding 
might not be at a high level of dollars, the added visibility afforded by being a test site increases the 
attractiveness of the overall program and increases the likelihood of other funds being available. 

Constraint - In general, the funds are not intended to replace direct implementation funds and may 
not reduce the commitments required from other sources. 

SUMMARY 

Table 1 summarizes the funds that might be used for an ITMS such as the Orange County TOC 
project. As can be seen from the table it is very likely that a large variety of funding sources wiU prove 
applicable to such a program. However, efficient program development and the aggressive pursuit of 
funds will remain key to the successful implementation of any ITMS. 
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Table 1 

Use 
Source TOC TOS OPS MNTNC 

Locally Funded 

Transportation Corridor Agency ✓ ✓ • • 
Measure M • ✓ 

SR-91 Privatization • ✓ 

Santa Ana River Viaduct Privatization • ✓ • • 
OCUTT 

Vehicle Registration Surcharge • • ✓ • 
State Funded 

California Gas Tax (General) ✓ ✓ ✓ ✓ 

TSM Program ✓ ✓ 

Congestion Reduction Program • 
Caltrans IVHS Research • • 

Federally Funded 

!STEA ✓ ✓ • • 
IVHS Research and Field Testing • • 

Legend: 

✓ = Significant Opportunity 

• = Limited Opportunity 
= Little or No Opportunity 
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Sverdrup Corporation 
801 North 11th Street 
St. Louis, MO 63101 

Allan J. DeBlasio 
U.S. DOT/Volpe Center 
55 Broadway 
Cambridge, MA 02142 

Jim Decker 
City of Tempe Traffic Operations 
945 W. Rio Salado 
Tempe, AZ 85281 

Richard W. Denney, Jr. 
City of San Antonio 
6670 Country Field 
San Antonio, TX 78240 

Donald W. Dey 
City of Menlo Park 
701 Laurel Street 
Menlo Park, CA 94025 

Frank L. Dolan 
Monroe County DOT 
350 East Henrietta Road 
Rochester, NY 14620 

Richard G. Dowling 
Dowling Associates 
180 Grand Avenue 
Suite 995 
Oakland, CA 94612 

Conrad L. Dudek 
Texas A&M University 
Dept of Civil Engineering 
College Station, TX 77843 

Gary F. Duncan 
Econolite Control Products 
3360 E. La Palma 
Anaheim, CA 92806 

Gerald M. Dupree 
TRW - Dayton Engineering Lab 
4021 Executive Drive 
Beavercreek, OH 45430 

Matthew Edelman 
TRANSCOM 
25 Journal Square 
1st Floor 
Jersey City, NJ 07306 

Paul A. Einreinhofer 
Bergen County (NJ) Police Dept 
327 Ridgewood Avenue 
Paramus, NJ 07652 
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Richard W. Enlow 
INFOBANQ, Inc. 
2 Houston Center 
909 Fannin, #3780 
Houston, TX 77010-1010 

Gary E. Euler 
FHWA 
400 7th Street, SW 
Washington, DC 20590 

Dennis R. Eyler 
Strgar, Roscoe, Fausch, Inc. 
One Carlson Pkwy. 
Suite 150 
Plymouth, MN 55447 

Bret J. Farnum 
Microware Systems Corp 
2041 Mission College Blvd 
Suite 159 
Santa Clara, CA 95054 

Ron Fisher 
FTA 
400 7th Street, SW 
Washington, DC 20590 

Charles A. Fuhs 
Parsons Brinckerhoff 
505 S. Main Street 
Suite 900 
Orange, CA 92668 

Shawn R. Gage 
Metro. Trans. Commission 
101 8th Street 
Oakland, CA 94607 

Craig C. Gardner 
JHK & Associates 
2000 Passell Street 
Emeryville, CA 94608 



Jeff A. Georgevich 
Metro. Trans. Commission 
101 8th Street 
Oakland, CA 94607 

John L. German 
Texas Res. Dev. Foundation 
2602 Dellano Lane 
Austin, TX 75746 

Raj Ghaman 
FHWA 
400 7th Street, SW 
Washington, DC 20590 

A. Keith Gilbert 
Automobile Club of S. Calif. 
2601 S. Figueroa Street 
Los Angeles, CA 90007 

Curt L. Gobeli 
Minnesota DOT 
6000 Minnehaha 
St. Paul, MN 55155 

Jim Gonyeau 
T.H. Green Electric Co., Inc; 
235 Metro Park 
Rochester, NY 14623 

Mary E. Gray 
FHWA 
P.O. Box 1915 
Sacto, CA 95812-1915 

Kevin A. Haboian 
Parsons Brinckerhoff 
505 South Main Street 
Suite 900 
Orange, CA 92668 

Herman E. Haenel 
Advanced Traffic Engineering 
P.O. Box 515986 
Dallas, TX 75251 

Mark E. Hallenbeck 
Wash. State Transportation Center 
4507 University Way, NE 
Suite 204 
Seattle, WA 98105 

Majid M. Hamouda 
UMA Engineering 
17762 Cowan Street 
Irvin, CA 92714 

Alan R. Hansen 
FHWA 
234 N. Central Avenue 
#330 
Phoenix, AZ 85004 

Ethlyn Ann Hansen 
California DOT 
3333 California Street 
San Francisco, CA 94903 

David E. Hattan 
Centennial Engineering 
6028 Union Street 
Arvada, CO 80004 

Larry K. Head 
University of Arizona 
Syst & Ind Engrg Dept 
Tucson, AZ 85721 

Joseph Hecker 
CALTRANS 
2501 Pullman Street 
Sacremento, CA 92705-9952 
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David Heermance 
Fishbach & Moore, Inc. 
7 Hanover Square 
New York, NY 10004 

George C. Herrick 
Texas DOT 
554-A Senisa Drive 
San Antonio, TX 78228 

Philip E. Herwegh 
TRW 
Space Park 
Redondo Beach, CA 90266 

Dallas W. Hildebrand 
City of Minneapolis 
300 Border Avenue North 
Minneapolis, MN 55404 

Lap T. Hoang 
Florida DOT 
605 Suwannee Street 
Tallahassee, FL 32399 

Cynthia J. Hood 
C.J. Hood Company, Inc. 
One Atlantic Street 
Stamford, CT 06901 

Jerry J. Humphrey 
Computer Service Company 
2230 E. Orangethorpe Ave. 
Fullerton, CA 92631-5329 

Patrick L. Irwin 
Texas DOT 
P.O. Box 29928 
San Antonio, TX 78284 



Kern L. Jacobson Dennis C. Judycki William C. Kloos 
Parsons Brinckerhoff FHWA City of Portland, Oregon 
999 Third Avenue 400 7th Street, SW 1120 S.W. 5th Avenue 
Seattle, WA 98104 HST-1, Room 3401 Room, 730 

Washington, DC 20590 Portland, OR 97204-1969 

Leslie N. Jacobson Kent C. Kacir Stephen G. Knobbe 
Washington State DOT TTI Missouri Highway & Trans Dept 
4507 University Way, NE Texas A&M University P.O. Box 270 
Suite 204 College Station, TX 77843 Jefferson City, MO 65102 
Seattle, WA 98105 

Alek Jakovljevic Ammar Kanaan Peter R. Korpal 
Automobile Club of S. Calif. Viggen Corporation Ontario Ministry of Trans. 
2601 S. Figueroa Street 6300 Georgetown Pike 1201 Wilson Avenue 
Los Angeles, CA FHWA-TFHRC, T201 6th Floor Atrium 

McLean, VA 22101 Downsview, Ontario M3M 118 
CANADA 

Verej Janoyan Ted S. Kawahigashi Alfred H. Kosik 
Los Angeles DOT Austin Tsutsumi & Associates Texas DOT 
200 N. Spring Street 501 Sumner Street 125 E. 11th Street 
Suite 950 Suite 521 Austin, TX 78701 
Los Angeles, CA 91326 Honolulu, HI 96817-5031 

Steven G. Jewell Jack L. Kay Walter H. Kraft 
City of Columbus JHK & Associates Edwards & Kelcey, Inc. 
Division of Traffic Engrg 2000 Powell Street 2300 E. Katella Avenue 
109 N. Front Street Suite 1090 Anaheim, CA 92806 
Columbus, OH 43215 Emeryville, CA 94608 

Ken B. Johns W. Leslie Kelman Hank Krull 
Fluor Daniel Metro Toronto Missouri Highway & Trans Dept 
3333 Michelson Drive Transportation Dept 329 S. Kirkwood 
Irvine, CA 92715 401 Bay St, 24th Floor Kirkwood, MO 63122 

Toronto, Ontario, MSH 2Y 4 
CANADA 

Leigh K. Johnson David A. Kinnecom Reinhart D. Kuhne 
GTE Govt Info Services Utah DOT Steierwald Schonharhus 
1 Jenner 4501 S. 2700 West Alexanderstr. 105 
Suite 100 Salt Lake City, UT 84119 D-7000 
Irvine, CA 92718 Stuttgart, 

GERMANY 

Thomas D. Johnson Leslie L. Kite Douglas Kullman 
Hennepin County (Minn) Ohio, DOT Ohio DOT 
320 Washington Avenue S. 400 E. William Street 25 S. Front Street 
St. Paul, MN 55155 Deleware, OH 43015 Columbus, OH 43215 
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Aron Kupur 
Ontario Ministry of Trans. 
1201 Wilson Avenue 
Room 224 Central Building 
Downsview, Ontario M3M 1J8 
CANADA 

Paul T. Kurtz 
City of St. Paul 
25 W. 4th Street 
800 City Hall Annex 
St. Paul, MN 55155 

Neil J. Lacey 
Colorado DOT 
4201 E. Arkansas Street 
Denver, CO 80222 

Nazir Lalani 
City of Ventura 
501 Poli Street 
Room 120 
Ventura, CA 93002-0099 

Jaclyn K. Landsman 
FHWA 
211 Main Street 
Room 1100 
San Francisco, CA 94105 

Tim Larson 
Odetics 
1515 S. Manchester Avenue 
Orange, CA 

Leo K. Lee 
DKS Associates 
1055 West 7th Street 
Los Angeles, CA 90017 

Joel P. Leisch 
CH2M Hill 
1033 University Place 
Suite 300 
Evanston, IL 

Albert G. Letzkus 
Maricopa County 
2901 W. Durango Street 
Phoenix, AZ 85009 

Steven Z. Levine 
Texas DOT 
P.O. Box 1386 
Houston, TX 77251-1386 

Jeffrey A. Lindley 
FHWA 
211 Main Street 
Room 1100 
San Francisco, CA 94105 

Louis E. Lipp 
Colorado DOT 
2000 South Holly Street 
Denver, CO 80222 

Emiliano M. Lopez 
City of San Diego 
1232 W. Redwood 
Suite 7 
San Diego, CA 92103 

Shelley R. Lynch 
FHWA 
400 7th Street, S.W. 
Washington, DC 20590 

Domenic J. Maio 
U.S. DOT/Volpe Center 
55 Broadway 
Kendall Square 
Cambridge, MA 02142 

Bruce Mattera 
Boyle Engineering Corp. 
1501 Quail Street 
Newport Beach, CA 92658 
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John Mauro 
TELE-SPOT Systems 
One Atlantic Street 
Stamford, CT 06901 

Herbert C. McClees 
HNTB 
600 108th Avenue NE 
Suite 405 
Bellevue, WA 98004 

L. M. McCleman 
AAI Corporation 
P.O. Box 126 
Hunt Valley, MD 21030 

Cheryl H. McConnell 
Farradyne Systems, Inc. 
7876 Seabreeze Drive 
Huntington Beach, CA 92648 

Jonathan D. McDade 
FHWA 
Leo O'Brien Federal Bldi 
Room 719 
Albany, NY 12207 

Joseph M. McDermott 
Illinois DOT 
201 West Center Court 
Schaumburg, IL 60196 

Richard McGuinness 
City of Columbus 
Division of Traffic Engineering 
109 N. Front Street 
Columbus, OH 43215 

Gene McHale 
MITRE Corporation 
600 Maryland Avenue, SW 
Suite 755 
Washington, DC 20024 



Mike McNally Gregory J. Novak Bob Rausch 
UC-Irvine FHWA JHK & Associates 
Irvine, CA 1535 Hot Springs Road 3500 Parkway Lane 

Suite 100 Suite 600 
Carson City, NV 89706 Norcross, GA 30092 

Francis G. Memole Andres Ocon Colin A. Rayman 
Rockwell International LACTC Nat'l Eng. Tech. Corporation 
3370 Miraloma Avenue 818 W. 7th Street 16700 Valley View Avenue 
P.O. Box 3105 Suite 1100 Suite 260 
Anahiem, CA 92803-3105 Los Angeles, CA 90017 La Mirada, CA 95819 

Carroll J. Messer Albert N. Pascola Michael R. Ringrose 
Tri T. T. Wiley Associates Texas Transportation Institute 
Texas A&M University 1383-44 Veterans Mem Hwy Texas A&M University 
College Station, TX 77843 Hauppauge, NY 11788-3048 College Station, TX 77843 

Tom Micone Jeffrey L. Peacock James R. Robinson 
California Highway Patrol Rockwell International FHWA 
2555 1st Avenue 3370 Miraluma Avenue 31 Hopkins Plaza 
Sacramento, CA 95818 MS-GAlO Room 1L33 

Anaheim, CA 92805 Baltimore, MD 21201 

Abbas Mohaddes James A. Pivovar David H. Roper 
Meyer, Mohaddes Associates New Jersey DOT Roper & Associates 
900 Wilshire Blvd 1035 Parkway A venue 1732 Hill Street 
Suite 1014 Trenton, NJ 08625 Santa Monica, CA 90405 
Los Angeles, CA 90017 

Edward F. M ushill William T. Planert S. Edwin Rowe 
Harris Corporation T.H. Green Electric Co., Inc. Los Angeles DOT 
P.O. Box 91000 235 Metro Park 200 N. Spring Street 
(MLS SW-5450) Rochester, NY 14623 Room 1200, City Hall 
Merboume, FL 32902 Los Angeles, CA 

Vinh Nguyen David C. Powell Robert Rupert 
City of Santa Ana New York State DOT FHWA 
101A W. 4th Street 1220 Washington Avenue 400 7th Street, SW 
Santa Ana, CA 92701 S-313 Washington, DC 20590 

Albany, NY 12232 

Mark R. Norman Terry F. Quinlan Richard A. Russell 
Institute of Transp. Engineers California DOT Florida DOT 
525 School Street, SW 5900 Folsom Blvd 605 Suwannee Street 
Suite 410 Sacramento, CA 95819 MS-36 
Washington, DC 20024 Tallahassee, FL 32399 
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Alberto J. Santiago 
FHWA 
6300 Georgetown Pike 
McLean, VA 22101 

Wayne Sarasua 
Georgia Tech (Student) 
School of Engineering 
Atlanta, GA 30340 

Michael D. Schauer 
FHWA 
Leo O'Brien Building 
Room 920 
Albany, NY 12207 

Randolph V. Schulze 
DMJM 
300 W. Clarendon A venue 
Suite 400 
Phoenix, AZ 85254 

Jean Servideo 
New Jersey DOT 
2 Route 21 
Newark, NJ 07114 

Douglas E. Smith 
OKS Associates 
1055 West 7th Street 
Los Angeles, CA 90017 

Russell H. Smith 
ASW Computer Sys LTD. 
2355 Royal Windsor Drive 
Unit #1 
Mississauga, Ontario L5J 4S8 
CANADA 

Ronald C. Sonntag 
Wisconsin DOT 
P.O. Box 649 
Waukesha, WI 53187 

George Spaltro 
Safetran Traffic Systems, Inc. 
1485 Garden of the Gods 
Colorado Springs, CO 80907 

Ray A. Starr 
Minnesota DOT 
395 John Ireland Blvd 
Room 313 
St. Paul, MN 55155 

Scott F. Stevens 
Oak Ridge National Lab 
Building 5500 A 
MS 6366 
Oak Ridge, TN 37831 

Scott E. Stewart 
IBI Group 
230 Richmond Street West 
Toronto, Ontario, M5V 1V6 
CANADA 

Gloria R. Stoppenhagen 
METRO of Harris County 
1201 Louisiana Street 
Houston, TX 77002 

Sheldon G. Strickland 
FHWA 
400 7th Street, SW 
Washington, DC 20590 

John S. Sulich 
Siemens Automotive 
2400 Executive Hills Dr. 
Auburn Hills, MI 48326 

Edward C. Sullivan 
Cal Poly State University 
Dept of Civil Engineering 
San Luis Obispo, CA 93407 
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Larry E. Sweeney 
ETAK, Inc. 
1430 O'Brien Drive 
Menlo Park, CA 94025 

Philip J. Tarnoff 
Farradyne Systems, Inc. 
3206 Tower Oaks Blvd 
Rockville, MD 20852 

Linda K. Taylor 
Minnesota DOT 
1104 4th Avenue South 
Minneapolis, MN 55404 

Charles H. Thompson 
Wisconsin DOT 
P.O. Box 7910 
4802 Sheboygan Avenue 
Madison, WI 53707 

Gary D. Thompson 
Minnesota DOT 
2055 N. Lilac Drive 
Golden Valley, MN 55422 

Robert Ung 
Rockwell International 
3370 Miraloma Avenue 
Aneheim, CA 92803 

Thomas Urbanik 
Texas Transportation Institute 
Suite 410 
TTI/CE Building 
College Station, TX 77843 

W. Scott Wainwright 
Montgomery County DOT 
101 Monroe Street 
11th Floor 
Rockville, MD 20850 



Charles E. Wallace 
University of Florida 
512 Weil Hall 
Gainesville, FL 32611 

Carol A. Wennerstrom 
Bone Safety Signs 
2843 N. Burling 
Chicago, IL 60657 

William L. Wilshire 
West Virginia Div. of Highways 
1900 Kan. Blvd 
Building 5 
Charleston, WV 25305 

Norm Witkin 
Hughes Aircraft Company 
1315 W. 22nd Street 
Suite 302 
Oak Brook, IL 60521 

Glenn M. Yasuo 
FHWA 
300 Ala Moans Blvd 
Suite 3202 
Honolulu, HI 96850 

Ping Yi 
Minnesota DOT 
313 Transportation Bldg 
St. Paul, MN 55155 
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