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Preface 
Traffic simulation models were the subject of a 
conference, conducted by the Transportation Research 
Board (TRS) on June 3-5, 1981, in Williamsburg, 
Virginia. Sponsored by the Implementation Division 
of the Federal Highway Administration (FHWA), the 
conference had two general objectives. The first 
was to inform the user community about what models 
are available and what is being planned in their 
further development. In large measure, the dis-
tribution of this report is, the principal,  means of 
achieving that objective. The second was to obtain 
feedback from the user community on its past and 
present experiences in the application of simulation 
models and the needs that became apparent as a 
result of that experience. 

Planning for the conference was accomplished by a 
steering committee, selected by TRB and chaired by 
Donald E. Orne. FHWA liaison members were David 
R.P. Gibson, H. Milton Heywood, and Gary Euler. The  

steering committee designed the program content, 
identified program participants, prepared resource 
papers, and led sessions during the three-day meet-
ing. Nathan H. Gartner, a member of the steering 
committee, also served as conference editorial 
consultant. 

Some 75 persons attended the Williamsburg meet-
ing. They represented all groups with an interest 
in traffic simulation models: researchers, devel-
opers, and users from universities, consulting 
firms, and government agencies at the local, state, 
and federal levels. 	 . 

This special report provides the edited texts of 
the resource papers presented at the conference, the 
workshop summaries, and an overall summary of the 
conference and its findings. These findings were 
approved by the steering committee (see Part 2). 
These proceedings also include a collection of other 
contributed papers generated by the conference. 
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Welcoming Remarks 

Milton P. Criswell 

I would like to explain briefly why FHWA sponsored 
this conference and what it expects to achieve by 
holding it. As you may be aware, the Office of 
Development is charged with major responsibilities 
for the FHWA technology-transfer function. Our job 
is to assure that potentially usable research re-
sults are translated into a form that accelerates 
their application in an operating environment. To 
accomplish this job successfully, technology trans-
fer involves many factors. Three that I am going to 
highlight involve, first, informing the potential 
user community of the availability of the new tech-
nology; second, assuring that the technology has 
been translated into an acceptable user language; 
and, third, making adequate technical assistance 
available to help the' user during initial trials. 

This conference was conceived by FHWA to assess 
and address its experience to date on these factors 
in the traffic simulation area. FHWA asked TRB to 
organize this conference because of its well-known 
reputation for conducting successful transporta-
tion-related conferences. 

In the past decade, a variety of traffic analysis 
tools has been produced from research programs in 
FHWA's Traffic Systems Division in the Office of 
Research. The TRAF family of traffic simulation 
models and, in particular, the NETSIM traffic net-
work analysis model show significant real-world 
potential. Accordingly, the first objective of this 
conference is to inform you of FHWA's plans concern-
ing these models. The second objective is to obtain 
feedback on FHWA's past work and planned future work 
with the NETSIM program so that the implementation 
process with the new TRAF models coming on-line, 
such as TRAFLO and FRESIM, can benefit. As part of 
this process, we should gain a better understanding 
of what users, such as you, assess as the most 
important needs and the best ways for FHWA to ad-
dress these needs. 

To gain a better understanding, it is important 
that the various user groups that utilize traffic 
models be involved in the process. These users 
include cities, states, universities, and consul-
tants. Users can also be classified in terms of 
program managers, teachers,, design engineers, plan-
ners, etc. The wide variety of users by both juris-
diction and functional specialty led to the by-invi-
tation-only development of this conference so that 
the cross section of users could be controlled to 
reflect the actual user communities. To this end, 
the 75 participants registered at this conference 
represent the following groups: state and local 
government, 34 percent; consultants, 24 percent;. 
academia, 22 percent; and federal (including other), 
20 percent. 

To get the proper balance between informing and 
obtaining feedback from you, we asked the conference 
steering committee to formulate an agenda balanced 
among paper!s on planned activities, user experience 
reports, and workshop discussions. The people who 
organized the conference have done this job. Now 

it's up to youto "milk it for all it's worth'. 
Most of you have extensive experience in the use 

of traffic simulation models. The opportunity is 
here to learn from others with equal experience; to 
meet the key individuals involved in a similar 
activity; to enhance user interchanges among people 
with similar experiences, needs, problems, solu-
tions, and understanding; and to foster better  

communication, needs identification, and problem-
solving activities. You are a nucleus of key expe-
rienced people in traffic simulation models and, I 
believe, have a major responsibility for making the 
technology go forward. 

To make it happen, therefore, it is important for 
you to give of yourselves and share your knowledge. 
Questions are as important as answers. I expect 
that 'working relationships and friendships will be 
developed that go far beyond the limits of this 
conference. 

In conclusion, the conference feedback will 
provide input into FHWA's planned program for imple-
mentation of a wide range of future traffic-simula-
tion-model activities. I am confident that the 
conference will meet its objectives. 

Role of Simulation in 
Traffic Engineering 
(Thoughts on Accepting and Using 

New Analysis Techniques) 

Donald E. Orne 

This conference is aimed at advancing, perhaps even 
promoting, the use of simulation models as working 
tools in the field of traffic engineering. Because 
we are convinced that some models are ready for 
wider use, we want to bring about an expanded dia-
logue among traffic engineers to facilitate greater 
understanding of the practical value of simulation 
modeling and to accelerate efforts toward overcoming 
implementation barriers. We can improve our abili-
ties to authoritatively and persuasively select and 
seek approval for traffic improvement programs if we 
help each other to gain additional technical capa-
bilities both at this conference and in the profes-
sion at large. 

This is a challenge. But your presence here 
demonstrates your commitment to this objective. Our 
conviction that several models are ready for wider 
application along with our collective action toward 
implementation can begin to bring about significant 
advancement in their use as traffic-engineering 
problem solvers. 

I have a concern, however, that we may be some-
what presumptuous in thinking that our unsolicited 
help will be welcomed by the typical traffic engi-
neer or transportation manager. This suggests to me 
that we need to spell Out why these ultimate users 
will be interested in what we have to say. We must 
clearly identify the problem we are trying to solve. 

Traffic operations improvement projects have 
characteristically been designed and carried out by 
a specialized group of engineers who have focused on 
pragmatic solutions to problems. These engineers, 
whose function evolved from street traffic enforce-
ment, often have had only a limited theoretical 
background on which to base their decisions. The 
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technical explosion of the last two decades, in many 
respects, has increased the difficulty of the job. 
We have been catapulted from an environment where 
cause-and-effect relationships were unknown or 
uncertain to one in which we are overwhelmed by what 
appears to be an unmanageable set of variables, 
constantly changing analytic tools, and continued 
uncertainty about cause and effect. 

We can demonstrate that simulation offers a 
better way to comparatively evaluate alternate 
solutions to one problem or competing solutions to 
several problems. We can also enhance our abili-
ties, through increased objectivity, to devise and 
recommend acceptable improvement programs. 

I contend, then, that we do have a legitimate 
role at this conference that will receive enthusi-
astic support from the user. This role is to reduce 
to practice a framework that provides badly needed, 
fast, accurate, and reliable analytic tools to 
either solve multivariate traffic operations prob-
lems or compare complex and costly alternatives 
before they are executed. We can provide a reliable 
means of predicting the outcome of several possible 
courses of action in situations that involve factors 
so large and complex that conventional analytic 
methods do not offer much assistance. 

This may all appear obvious, and perhaps you are 
wondering why we need to meet since numerous very 
sophisticated computerized simulation models already 
exist and are in limited use. Why, then, are they 
not running right now on every government, consul-
tant, and university computer in the land? A man-
agerial perspective of the answer to this question 
is that resistance, both to change and to perceived 
complexity, is very real. However, although indi-
vidual and institutional barriers may exist, it must 
also be recognized that the suggested program may 
not really be perfected. Thus, a user is reluctant 
to initiate it. 

Some of these barriers are founded on unwarranted 
fears of the unknown, but others relate to very real 
skepticism about costly commitments to unknown or 
operationally difficult products. Consider for a 
moment that some of the basic tenets of classical 
physics Continue to be challenged, even today. We 
are regularly learning more. about their limitations 
and the costly consequences of misapplication--and 
most of these only have three or four variables. 
Yet, we presume to ask a director of transportation 
to expend sizable amounts of money for equipment and 
staff and then base multimillion-dollar decisions on 
results obtained with very complex models that 
involve hundreds of variables. 

Something else to consider is that researchers 
and developers sometimes lose sight of the real 
decision makers and their sales resistance. Many of 
todays managers and administrators were practicing 
engineering before commercial television or commer-
cial jet air travel were introduced. The technical 
breakthrough of their day was the transistor. 

These same managers and administrators now con-
trol transportation improvement programs and the 
money needed to construct them. The technical world 
has moved very rapidly, and many still retain a 
built-in resistance to computer applications. This 
resistance arises from an aversion to expending 
substantial time and energy to learn about com-
puters, and a fear that printouts may be only manip-
ulated or unreliably simplistic conclusions produced 
through the use of complex mathematics. The result 
is that a good intujtive basis on which to judge 
simulation output validity sometimes does not exist. 

This is beginning to sound very gloomy, and one 
may wonder if there is any hope for overcoming the 
barriers to implementation. I happen to believe 
there is considerable hope and that progress can 
indeed be made. 	 - - 

The cliche, "Nothing succeeds like success," is 
very applicable. our conference program features a 
number of user experience reports. These factual 
statements about successful practical application 
should go a long way toward alleviating fears about 
the translation of mathematical models into everyday 
practice. 

After all, it is common among staff professionals 
of state transportation departments, counties, and 
cities to seek Out and listen to show-and-tell 
presentations. The word is spread at meetings, 
through correspondence, and by telephone. This 
search for positive problem-solving experiences 
leads to new opportunities and new ideas for im-
provement. 

Word-of-mouth enthusiasm and endorsement within 
the professional community probably do more toward 
breaking down barriers to the acceptance of new 
techniques than the best 12-ft shelf of technical 
literature in existence. 

Communication is the key to breaking down bar-
riers. This conference has two communication objec-
tives (and I suspect that we can improve our perfor-
mance in both areas) 

Inform the user community about model avail-
ability and planned future development so that 
understanding of adoption implications may be in-
creased, and 

Obtain from the user community a statement of 
needs in order that developers and researchers may 
improve and enhance the value of simulation models. 

Without proposing specific recommendations, I do 
suggest that substantial effort should be expended 
to rethink and improve the dialogue between users 
and model developers. The 12-ft shelf is not bad, 
provided it is read, understood, and accepted. But, 
its limitation is its inherent one-direction commu-
nication. More desirable and practical bidirec-
tional surrogates should be used. The first step 
can be to identify, or affirm, the intended audi-
ences and open up wider discourse among them. All 
too often one receives the impression in the field 
that researchers and developers talk and write trade 
jargon to and for each other and lose sight of their 
ultimate customer--the field practitioner. Con-
versely, I am sure that field practitioners some-
times appear unsophisticated and unable to describe 
their problems precisely. 

What, then, can we accomplish during this con-
ference and in the weeks and months ahead? Ob-
viously, a meeting has little point if experts only 
discuss their specialty among themselves and do not 
disseminate their conclusions to those less knowl-
edgeable. Significant gain can best be made if your 
articulated thoughts are captured and the synergis-
tic product of our discussions is made available to 
those who make the field changes. The practi-
tioners, in turn, must continue to feed their expe-
riences back to the researchers if the art is to be 
further refined. 

Each of you is a catalyst who will return home 
with a renewed enthusiasm to enable you to overcome 
persuasively the barriers to the practical use of 
high-speed traffic problem analysis through simula-
tion tools. I hope you will choose to become part 
of a nationwide communication network to inform 
others about this remarkable problem-solving tool. 

So, my challenge to you is to think of simulation 
as a useful tool with a vital purpose to serve and 
not as a museum piece to be admired but not 
touched. Traffic simulation models fail to achieve 
their purpose until they serve usefully in that part 
of the world where traffic problems are real and 
immediate. Our task is to cause this to happen. 
Only then will our objectives be realized. 



Part 2 
Conference Overview 
and Findings 

Phase 1 
	

Phase 2 	 Phase 3 

1< 
	

IL 	i 

Ir 	T 



TRB Special Report 194 

Conference Summary, Findings, and Recommendations 
Nathan H. Gartner 

System simulation is a technique of solving problems 
by following the changes over time of a dynamic 
model of the system. Simulation of vehicular traf-
fic on highways and on street networks has been a 
natural application of computer modeling since the 
early stages of digital computation. The traffic 
environment is complex and stochastic in nature. 
Individual vehicles move along specified guideways 
constrained by the presence of other vehicles and 
restricted by control devices, while they attempt to 
satisfy individual objectives. Although analytical 
treatments such as queuing models can describe local 
behavior with some degree of accuracy, no such 
approach has been applicable for adequately describ-
jog the operational performance of traffic over 
street and freeway networks. 

Traffic simulation models are computer programs 
that are designed to represent realistically the 
behavior of the physical system. Such models are 
themselves systems, in the sense that they are a 
collection of analytical models that describe such 
highly variable motorist responses as car following, 
lane changing, queue formation, discharge, etc. 
Such models are integrated into a logical structure 
in the form of computer software. 

Traffic simulation models can be classified as 
either microscopic or macroscopic in design. Micro-
scopic models describe the detailed, time-varying 
trajectories of individual vehicles in the traffic 
stream. Macroscopic models represent the traffic 
stream in some aggregate form (e.g., employing a 
fluid flow analogy or a statistical representa-
tion) . Although the latter approach is usually less 
accurate and more limited in scope than the former, 
it offers the advantage of lower computational cost. 

Inputs to models include known attributes of the 
system such as the geometrics of each link (e.g., 
length and number of lanes), network topology, 
properties of the control devices, and the time-
varying traffic-demand volumes and circulation 
patterns. This initial preparation of the input 
data must be undertaken with care and represents the 
largestinvestment by the user. 

All simulation models accumulate statistics in 
the course of representing the dynamic behavior of 
traffic. These statistics are output as measures of 
effectiveness (MOE) that describe the operational 
performance of traffic on each link (i.e., street or 
roadway segment) of the analysis network. Represen-
tative MOEs include vehicle miles, vehicle hours, 
speed, stops, delay, density, queue length, spill-
back, mass transit operations, fuel consumption, and 
vehicle emissions. 

By exercising the simulation model and carefully 
analyzing the resulting statistical output, the 
engineer can study the operational effects of sev-
eral policy and/or design alternatives rapidly and 
economically. Careful examination, combined with 
the engineering knowledge of the user, can provide 
the insight needed to identify the optimal design or 
policy. In this procedure, the simulation model is 
the tool that provides the necessary information; it 
is the engineer or analyst who must correctly inter-
pret this information, apply his or her expertise to 
form the proper conclusions, and use this skill to 
arrive at the best solution. 

The digital computer is particularly effective in 
providing the medium for exercising traffic simula-
tion models and their interaction with external  

management and control measures. Thus, it provides 
the analyst with a very convenient laboratory for 
experimentation, evaluation, and design. 

This conference was to be a signpost in the 
continuous process of development and application of 
traffic simulation models. It brought together 
developers, users, and prospective users of models 
to facilitate the accomplishment of the following 
objectives: 

Demonstrate through user experience reports 
the availability and effectiveness of existing 
models for traffic simulation analysis, 

DisCuss a wide range of issues and problems 
encountered in using existing models in order to 
enhance their applicability and usage, 

Communicate to the user community pending and 
future model developments, and 

Prepare an agenda of needs for future research. 

The proceedings of the conference are presented 
in this report. An overview of the resource and 
contributed papers, the main findings of the confer-
ence, and the Conclusions and recommendations emerg-
ing from the workshop discussions are summarized 
here. 

BACKGROUND MATERI AL 

Available Models for Simulation Analysis 

Four papers were presented on existing models for 
traffic simulation analysis. Gibson and May each 
present a comprehensive survey of existing models. 
Gibson provides a catalog of 104 documented computer 
models for traffic operations analysis that are 
listed in a handbook on this topic being prepared by 
FHWA. The models are classified according to the 
geometrics of the application--that is, intersec-
tions, arterials, networks, freeways, and corri-
dors. Ten of these models are considered practical 
in the sense that they produce practical and useful 
results. The models are 

SOAP--intersection optimization 
TEXAS--detailed intersection simulation 
PASSER Il--arterial optimization 
PASSER 111--diamond interchange optimization 
SUB--arterial bus simulation 
TRANSYT-7F--network optimization 
SIGOP Ill--network optimization 
NETSIM--network simulation 
PRIFRE--freeway optimization 
FREQ3CP--freeway simulation 

Most of these models are being made available by 
FHWA; SOAP, PASSER II, and TRANSYT are included in 
the Arterial Analysis Package (AAP). NETSIM is 
currently available and an enhanced version will be 
included in the TRAF family. TRANSYT-7F and SIGOP 
III are undergoing extended testing before their 
planned release. The FREQ family (including PRIFRE) 
is available from the University of California at 
Berkeley. 

The FHWA implementation support is directed 
toward making effective use of these models. In 
order to get traffic engineers to use simulation and 
optimization models they have to be made easy to use 
and have to be proven reliable and valid. The first 
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of these objectives is addressed through training 
and implementation support, while the other objec-
tives involve demonstration and testing. 

May provides a comprehensive survey of models for 
freeway corridor analysis, including their histori-
cal development and applications. An extensive 
bibliography of the model descriptions and their 
application reports is also given. May argues the 
need for integration of research, education, and 
implementation activities as keys to the enhancement 
of simulation modeling practice. 

Lieberman describes a variety of enhancements 
recently incorporated into NETSIM as part of the 
development of the Integrated Traffic Simulation 
Software System, which has been given the name 
TRAF. These enhancements include (a) modifications 
to facilitate user access, (b) minimization of 
computer resource requirements, (c) new model fea-
tures, and (d) extended input-output capabilities. 

Courage and Wallace describe and compare the 
computational characteristics of five traffic signal 
optimization and evaluation models with which they 
had extensive experience. These are SOAP, PASSER 
II, PASSER III, TRANSYT, and SIGOP II. 

User Experience 

Three papers report user experience with the most 
widely used traffic network simulation model-- 
NETSIM 	The first two reports are by members of 
state departments of transportation and the third by 
university researchers. Hagerty and Maleck demon-
strate the extent to which a computer simulation 
model (NETSIM) can be effectively used in a wide 
range of traffic engineering and transportation 
planning applications. In the course of three 
years, more than 15 000 simulation runs were made at 
the Michigan Department of Transportation (MDOT) 
using about 500 networks. The major use has been in 
analyzing geometric and signal system alternatives. 
It is also used to evaluate corridors at the trans-
portation planning level and to evaluate signal 
installation requests. This model has become a very 
effective tool to aid decision making at MDOT. 
While listing a number of problems and limitations 
of the model, Hagerty and Maleck nevertheless con-
clude that the "growth and acceptance of NETSIM have 
exceeded all expectations." 

Labrum describes the experience with NETSIM 
studies at the Utah Department of Transportation. 
The NETSIM model has been used extensively to evalu-
ate traffic control strategies for single intersec-
tions, arterials, and grid networks, as well as to 
analyze pedestrian control problems, bus system 
plans, and fuel consumption and emission rates. It 
has also been used for economic analysis in many 
studies as well as for decision making in design 
projects. The NETSIM model has been found to be a 
very useful tool in solving a wide variety of traf-
fic control problems. 

Hurley and Radwan describe the experiences of 
using NETSIM for research in a university environ-
ment. Most of the research described analyzes the 
effects of traffic signal timing on fuel consumption 
and delay. Recommendations are made for improve-
ments in internal program logic, program output, and 
program documentation. 

Current and Future Developments 

Two papers examine current and future development. 
Radelat points out that the development of traffic 
simulation models requires two distinct skill: 
modeling and computer programming. Modeling is the 
representation of a real-life system by a simplified 
logic. Programming is the translation of the model- 

ing logic into computer language. In general, six 
types of traffic simulation activities can be de-
fined: 

New model development, 
Testing, 
Implementation, 
Enhancement, 
Application, and 
Maintenance and support. 

For continuous successful application of a simula-
tion model it is necessary to pursue all of these 
activities in concert. 

Radelat then proceeds to describe the new TRAF 
system. This system is being developed in light of 
these principles and will consist of both micro-
scopic and macroscopic model components for urban 
networks and freeways and a microscopic component 
only for two-lane rural roads. 

Ross speculates on possible long-range futures of 
traffic simulation modeling in view of current 
trends and projected developments in computational 
hardware and software. He foresees major develop-
ments in graphic displaying capabilities, interac-
tive computations, and, ultimately, on-line simula-
tions. 

Contributed Papers 

Part 5 of this report contains papers that were 
presented at workshop sessions and papers submitted 
by conference participants for the proceedings. The 
first five contributed papers (Maki and Branch, Maki 
and Saller, Slee, Schaffer, and Greyson) briefly 
describe user experiences in evaluating traffic 
control alternatives by using simulation modeling 
analysis (NETSIM and TEXAS). The next three papers 
address the evaluative capabilities of simulation 
models. Davis and Ryan compare NETSIM results with 
field observations and Webster discusses model 
predictions for isolated intersections. Yagar and 
Case present a summary evaluation of NETSIM's fore-
runner (UTCS-l) on an arterial street in Toronto. 
Model predictions of travel times are compared with 
floating car field measurements. In a second paper, 
Yagar and Case assess the evaluative Capability of 
the TRANSYT model for the same Toronto arterial. 
Chin reviews some of the recent developments in 
interactive computer graphics user interface with 
existing traffic simulation packages. He concludes 
that such user interface is an invaluable aid to the 
understanding of traffic simulation models, prepara-
tion of input data, detection of errors, and inter-
pretation of outputs. 

WORKSHOP RECOMMENDATIONS 

Twelve workshops were conducted. Their themes were 
divided into two categories--the application of 
simulation models by different user groups and the 
technical issues in simulation modeling and applica-
tion--and were held on two different days. Conse-
quently, each participant had the opportunity to 
attend one workshop in each category. Discussions 
reflected views from different organizational enti-
ties making use of the models as well as issues 
relating to the technical performance of the models 
in a variety of applications. It was no surprise 
that many of the viewpoints expressed and issues 
raised were common to several of the discussion 
groups. 

Because many of the conference participants were 
primarily NETSIM users and because this simulation 
model seems to have found wide applicability in 
traffic operations analysis, most of the discussion 
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items refer to this model specifically. The work-
shop discussions and recommendations followed along 
four main lines: 

Promotion and implementation, 
Maintenance and support, 
Computer-user interface, and 
Technical issues in modeling. 

Promotion and Implementation 

While it is widely recognized that analytical models 
are invaluable tools for use by traffic engineers in 
their analysis and design functions, it is also 
clear that these models have not yet found the 
widespread implementation they deserve and have not 
yet been used to the fullest. One of the principal 
objectives of this conference was to address this 
problem and to make recommendations for its allevia-
tion. The following items wereseen as keys to the 
achievement of this goal: 

Management Support. The decision makers are 
the ultimate users--the implementors of the model 
outputs. They need to be aware of the availability 
of these tools and must be convinced of their util-
ity relative to their needs. 

Education and Training. A majority of prac-
ticing traffic engineers, at all levels of the 
profession, are not sufficiently knowledgeable 
concerning the use of computer models and their 
potential benefits. Expanded education and training 
materials will help improve this situation and 
provide a basis for informed judgment in model use. 

Facilitation of Model Use. Both current and 
potential users would be encouraged to make better 
use of available models through improvements in 
their applicability--namely, centralized maintenance 
and support, improved documentation, development of 
user guidelines and case studies, and improvements 
in data management, input-output processing, and 
computer-user interface. 

Maintenance and Support 

Various needs in the maintenance and support area 
were also discussed. The following summarizes these 
needs and the views of the conference participants 
on the proper role of FHWA in providing maintenance 
and support services. 

Program Distribution. FHWA should be respon-
sible for both the initial and continuing distribu-
tion of the programs. After development of a pro-
gram, FHWA should release it to a limited number of 
"expert" users for use on a test basis. The pro-
grams should be revised based on the users' experi-
ence, and then general release should follow. 
Conference participants expressed concern that this 
process currently consumes too much time and needs 
to be accelerated. 

FHWA should also periodically distribute updated 
versions of the programs. After a number of minor 
revisions have been made, the new version of the 
program should be distributed to all users. This 
should occur no more frequently than annually. 

Program Documentation. The need for improved 
documentation was universally viewed as a critical 
element in the support of all other activities. 
This need was expressed in a number of forms: (a) 
overview and promotion materials for managers; (b) 
text on general principles of traffic simulation and 
optimization; (c) minitexts for training purposes on 
all aspects of model implementation; (d) handbook of 
case studies and typical applications, including 
guidelines on when to use various models; and (e) 
user guidelines on such issues as parameter values, 
data-collection procedures, input-output procedures,  

etc. It was stressed, in particular, that there is 
a need for appropriate documentation to accompany 
updated and newly released program versions. 

Training. 	FHWA 	should 	provide 	training 
courses for potential users of the programs. Spe-
cific suggestions in this area include (a) mailing 
materials for precourse study; (b) a course session 
on model theory; (c) hands-on experience during the 
course through structured laboratory sessions; and 
(d) preparation of adequate materials to accompany 
the aforementioned program, e.g., guidebooks, 
slides, etc. 

Technical Assistance. 	FHWA should keep all 
models operational and have experts available to 
provide technical assistance to users of these 
programs. This service could be provided by tele-
phone (a hot-line concept was discussed) or through 
electronic mail. State highway departments should 
be encouraged to develop this capability at their 
level so as to decentralize and improve the timeli-
ness of the technical support function. Realizing, 
however, that not all states will be able to develop 
this capability, FHWA should maintain a strong 
centralized role and serve the clearinghouse func-
tion. 

User Communication Network. Conference par-
ticipants expressed interest in the formation of a 
users' group to allow for exchange of ideas, prob-
lems, and solutions. This communication could be 
facilitated through a newsletter, technical commit-
tees of the Institute of Traffic Engineers or TRB, 
and sessions at national meetings and future confer-
ences like this one. In this context, a nationally 
representative technical advisory committee should 
be formed to review needs and program objectives. 

Computer-User Interface 

Suggestions noted here on computer-user interface 
could be applied to any simulation-optimization 
model. Included are potential improvements in the 
model's data-handling capabilities and user inter-
faces. 

For the short-term, the most promising improve-
ment appears to be the development of interactive 
input forms displays (such as those used by the 
Michigan Department of Transportation for NETSIM). 
The development and use of these displays would 
simplify greatly the burdensom task of keypunching 
or otherwise entering data in specified formats via 
a terminal. 

For the long term, the development of a traf-
fic-engineering data base system would enable a user 
to run any simulation-optimization program from a 
centralized pool of data used in common by these 
programs. The system would automatically produce an 
input data deck from the data pool in the appropri-
ate format for the program to be run. The develop-
ment of such a system would further simplify the 
input data process. 

Another promising improvement is the use of 
computer graphics to display program outputs. 
Research still needs to be conducted on what is the 
most useful form of graphics display. The problem 
of portability among different terminals of graphics 
display presents a potential problem. 

Finally, the use of microcomputers is inherent 
throughout all the above suggestions. Micros could 
be programmed for forms displays, as well as to 
interact with a data base system, to display com-
puter graphics, and to provide a wide variety of 
diagnostics. Since they are affordable, the traffic 
engineer could have these capabilities available at 
his or her desk. 

Issues in Modeling 

As evidenced in the workshop discussion reports and, 
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in fact, throughout the conference proceedings, most 
users had considerable experience with the NETSIM 
model. Therefore, most of the modeling issues 
raised and problems discussed concerned this model. 
The long list of suggestions for improvements should 
not be taken as an indication of weakness. Quite to 
the contrary, it is an indication of vigorousness 
and of the wide range of possible applications to 
which the model was subjected. It is also an indi-
cation of the usefulness of communication among 
users, developers, and nonusers that this conference 
has afforded. 

Among the most pressing needs mentioned were the 
following: 

Improving and validating the traffic-actuated 
signal control logic, 

Providing capabilities to model traffic-re-
sponsive system controls and coordinated operation 
of semi-actuated and actuated traffic signal con-
trollers, 

Inputting a specified headway distribution or 
field-ccllectëd arrival patterns, 

Updating the fuel consumption and emission 
tables to reflect current vehicle population, 

Modeling a four-way-stop controlled Intersec-
t ion, 

Providing for left turns and lane discipline 
(i.e., a lane containing both left-turning and 
through traffic as well as a lane facing opposing 
left turners) 

Modeling a center dual-left turning lane, 
Handling railroad crossing, 
Handling pedestrian traffic, and 

Seed random numbers (the dependence of NETSIM 
on a single random number string was considered a 
weakness that may compromise the validity of 
pairwise comparisons). 

Another category of modeling issues concerned the 
interface of traffic simulation software with trans-
portation planning software. Traffic simulation 
models, NETSIMin particular, are already used for 
several types of planning and transit analyses and 
it would seem worthwhile, in the longer range, to 
strengthen this interface through integratory mea-
sures, such as sharing of data bases, and through 
the formalization of the traffic system design 
process. The latter, eventually, would involve the 
addition of automated optimization capabilities to 
the descriptive simulation models. In this way, the 
models would expand their existing predictive capa-
bilities to include also normative functions. 

CONCLUS ION 

Realizing and agreeing that the use of computer 
simulation and optimization models is strong today 
and will Continue to gain strength in the future, 
the conference participants and steering Committee 
recommend that FHWA take a strong role and lead in 
the continuing development, promotion, and implemen-
tation of such models for improving traffic opera-
tions and management throughout the country. 

fEditors note: Since the conference, a TRAF 
support service has been set up. It can be reached 
at 5167549-9829.1 
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Available Computer Models for Traffic Operations Analysis 
David R.P. Gibson 

The purpose of this report is to make the user aware 
of the availability of computer models for analyzing 
traffic operations problems. It will show their use 
in both proposing solutions and analyzing problems 
in detail. The use of these models is one of the 
newest areas of traffic engineering. Practicing 
traffic engineers may only be slightly aware that 
these tools are available to assist in reducing the 
considerable amount of time spent in developing and 
evaluating alternative improvements to traffic sys-
tems. Traffic signal systems in particular could 
take advantage of the currently available models. 

The outline of what is available in this report 
is based on previous work done in developing the 
outline and intended contents for a handbook on com-
puter models for traffic operations analysis, an 
FHWA project. 

In order to put what is available in perspective, 
it will be necessary to also portray what and how 
FHWA is making computer models available. Present 
and future work in the implementation process will 
be described. 	(Work in progress and needed future 
work are described in separate reports by Radelat 
and Ross in these proceedings.) 

WHAT IS AVAILABLE? 

In the review of models for the handbook, a total of 
104 distinct computer models were located that could 
be applied to traffic engineering problems. The 
technical appendix gives a one-page summary of "all 
significant models". 

Types of Models 

The major goal in describing what is available in 
computer models for traffic operations analysis is 
to describe the models in terms of typical problems 
that need to be analyzed. After looking at various 
methods of problem classification (such as signal 
phasing, ramp metering, lane operations, etc.), it 
was felt that the simplest classification would be 
by the geometrics that the model analyzes. 

Intersection Models 

There are more than 250 million signalized intersec-
tions in the United States. Most drivers regard 
these as a major problem on their way to their des-
tination. Inefficient operation of an intersection 
can lead to excessive fuel consumption. 

Manual design procedures for intersection signal 
timing does not permit comprehensive evaluation due 
to the trial-and-error nature of the process. As a 
result, many phasing patterns cannot be considered 
and the traffic engineer must use his or her ex-
perience in deciding which patterns and traffic con-
ditions to analyze in detail. 

Many solutions to intersection problems require 
geometric changes. Adding lanes or widening them 
can be very expensive and the traffic engineer will 
need an extremely strong case before funds will be 
allocated. 

Considerable effort was expended in trying to 
develop models that would provide accurate and quan-
tifiable estimates for assessing proposed improve-
ments at intersections. A total of 26 models were 
identified that could be used to optimize and ana-
lyze traffic at intersections. Table 1 summarizes  

the models reviewed for possible inclusion in the 
handbook. Most of these were found to be inappro-
priate. They were old and had not been maintained. 
Thus they became outdated. Two of the models are 
relatively new and potentially useful. These are 
the SOAP and the TEXAS models. 

SOAP (see Figure 1) was developed for FHWA and 
the Florida Department of Transportation by the Uni-
versity of Florida. It provides a tool for examin-
ing and evaluating a wide range of intersection sig-
nal design alternatives. It is an optimization, not 
a simulation, model. Solutions are found for cycle 
length, phasing, and left-turn analysis. It also 
has a theoretical capability for analyzing coordina-
tion effects; however, other models are more appro-
priate for this purpose. (See a more detailed des-
cription of this model in a paper by Courage and 
Wallace in this report.) 

TEXAS (see Figure 2) , the Traffic Experimental 
and Analytical Simulations model, was developed by 
the University of Texas for the Texas State Depart-
ment of Highways and Public Transportation. TEXAS 
,allows the user to evaluate the effects of roadway 
changes, driver and vehicle characteristic changes, 
intersection control, lane control, and signal-tim-
ing plan effects on single intersection operations. 
It is perhaps the most microscopic traffic simula-
tion program in existence. It does have some prob-
lems in being brought up on new computer systems and 
is recommended only for those cases where its super-
microscopicity is needed. 

Both SOAP and TEXAS are maintained by public 
agencies. Future enhancements of both models are 
expected. 

Arterial Models 

Many arterial highways are now congested. This 
èeverely restricts the flow of traffic to ano from 
work and major shopping areas. In this era, new 
highway construction is coming to an end due to en-
vironmental, right-of-way, and construction cost 
problems. Engineers have a wide range of improve-
ments that can be applied to reduce congestion. 
Usually, the first to be looked at are traffic con-
trol techniques such as improved coordination and 
parking restriction. These are the lowest-cost mea-
sures. Minor geometric improvements such as adding 
turn lanes and bus pullouts are the next level of 
improvements to be considered. Arterial computer 
control systems can now be implemented economi-
cally. Table 2 summarizes the models reviewed for 
possible inclusion in the handbook. 

A variety of arterial signal coordination pro-
grams has been developed. The most widely used of 
these are PASSER II, PASSER III, SIGPROG, SIGART, 
and the LITTLE/MORGAN model. Of these, PASSER II 
and PASSER III are the best maintained. Of the re-
maining models, the SUB model provides a unique cap-
ability for simulating urban buses. It is hoped 
that SUB's capabilities will be integrated into the 
TRAF model. 

PASSER II (see Figure 3) was developed to deter-
mine optimum progression along arterials while con-
sidering phasing sequences. The model developer 
combined Little's optimized unequal bandwidth equa-
tions with methods for handling multiphase signals. 
Inputs include turning movements, saturation capac-
ity flow rates, minimum green times, distances be- 
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Table 1. Summary of models reviewed 

for FHWA handbook project 
Number Mane Date App1 icalien Model lag Approach 

Progran, 
Language Conputer 

i-i TEOAS 1978 Traffic Performance Mic., 	Stoc., 	13, 	Sin. Fortran 
IV 

CCC 6600 
IBM 310 

-2 SOAP It)? Signal 	Tieing 	(Cycle, 
sOilts 0 phasing) 

Mac.. Ost.. TS. Opt. Fortran 
 IV 

IBM 340/ 
370 

-3 SPLIT 1976 Signal 	lining 
(Splits only)  

Mac., Os?., IS, Opt. Fortran IBM 360 

r Et1 TIT Signal 	lining 
(Cycle only)  

Mac., Dat., 	TS, Opt. Fortran IBM 3W 

I-S HAV'ST 1 1973 Pezastrlan Eltac?s .lac.. Oat.. TS. 	Sin. OFSS IBM 
1-6 SIGCAO 1975 Signal 	Timing 

(Splits only)  
Mac., Oat., IS. C9?. Fortran 

I-i UTCS-IS 1973 TraffIc Perlornance Mic., 	Sync.. 	TS. 	Sin. Fortran 
iv 

IBM 360 

-8 BLT 1973 Bus Priority Lanes Mic.. 	Sin. Fortran Unknonn 
I-c SIGSET 1971 Signal 	lining 

(Cycle_&_Splits) 
Mac,, Oat.. TS, Opt. Fortran IBM 360 

TTt FOFD itt Gap Acceptance Mic., Stoc,, TS, Opt. ALGOL ICL 1909 
I-Il TEC 1968 Traffic Performance Sin. 

____________ 
GPSS IBM 7096 

IBM 360 
1-12 JONES 1968 L.ft Torn Storage Mic., Sync. • TS. Sin. Fortran 18141130 
1-13 OARS 1966 Adnisory Spned Signals Sin. SS IBM 360 
i-la 71 iT Stop Control Delays Mic., 	Sync., TS, 	Sin. 

_______________________ 

ALL 
(Ent.) 

unknoen 

I-IS BOFTSER 1 1965 Four way Stop Mic,, TS, 	Sin. .JnkIOnn iinknonfl 
1-16 MILlER 1965 Effact of Tarns Mic,, Sync.. Sim. lJnknoon Unknonn 

-1:11-  1 Traffic Performance Mic., Sync., TO, Sia. Fortran 
II • FAP 

IBM 

TTh o'ir- ir 
I SM  

Capacity and Controls CiA., 	Sync., 	TO, 	Sin. Fortran 
_ _______ 

IBM 7090 

11T Z 1 Traffic Porfornance flic,, 	Sync.. 	TS., 	Sin, For_tran 
II 

7094  

1:70• EVANS i3 Guessing at Stop Signs Mic., Stoc.. TS, Sin. IBM 0=90 
1-21 AITKEN 1963 Qsauaing at "Tee" 

Junction 
Sin. Unluloon Ferrunti 

 Sirius 
171 ntt FF Vesicular Delay Mic., Stoc.. TO, Sin. F8P '7tiT IBM 

7094 
135 iTO IT Traffic Control Mic., 	Stoc., 	TS, 	Sin. Fortran 

il/F UP 

IBM 7ö 

TT ,t 193 Traffic Performance Mac, (let., 	Sin, Unl,n000 
__________ 

Fwrwtr 
Pegasus 

T 5UE T Delay Mac,, Dot., TO, Sin. Fortran iti7 
1.26 l5i 156 Delay Hic., 	(let.. 	TO, 	Sin. Unknoen 

_______ 

MIOAC 
IBM 704 

Abbraaiatlons: Mic. - Microscopic 	Mac. - Macroscopic 
Dot. - Dete'-alnistic 	Stoc, - Stochastic 
TS 	- Time. Scan 	 ES 	- Event Scan 
Sin. - Sinslation 	Opt. - Optinization 

Figure 1. Intersection model: SOAP. 

CEVELOF(D BY 	 E.G. Courage and N.R. 	YEAR, 	- 	igln.l: 	 1977 
Landeann, Uninernity of Florida 
Transportation Research C.nler 

PROGRAM LAIGUAGE, 	 FOAW.AN  IV 
MAINTAINED BY: 	Florida Departeen? of 

Transportation 
pa.AM STRUCTURE, 	 Stroctoed 

PURPOSE, 	Optinai signalization of Isolatad 
intersections. MkCHlNE 	- 	 IBM 
IOELING APPROACH, 	Macroscopic, d.tlrninis- 
tic, time-scan, optielzatloe. 	 CO(E REQUiREINT5, 	 176 K 

DC-TREE OF DOGUMENTAT1OfI, 
MOGei Cenelopeen? - 	 TSR 	EFF1C1EPCT: 	 High 
Progran, Oescr iption 	 yes 	 - 
User Manual - 	 Y.s 

- 	 - 	0EEE OF VAL1CAT1ON, 	Eatensive field 
- 	 testing 

GENERAL DESGR1PTIOtI, 
REFEPEICES - 

SOAP Is a design and analysis tool ohich en- 
abies the user 10 design the aignalizatlon 	• (I) Co.a-ag.. E.G. and M.R. Landesnn, "019- 

	

for any two to fow legged intersection, 	eel Operatioas Mdiynia  Package," fin. 

	

Either Plead an actuated mentrol old neitipie 	docIdnSnts evoian.  I - Coepotational 

	

phasing nay be specitl.d. Maitiple runs opt 	96thodolOgy."Vo)lO. 2 - Users Manual," 
be inciudsd in one job to obtain mesper lions -- 	tOl,05S 3 - PFogroseer's Manual," end 

	

of alternatin.d.slgn configurations. SOAP 	 voboo. 4 - Portable Calculator Mos- 

	

ases a search and find optinization procedure 	tinsu," University of Florida, Trees- 

	

to -find the -optinoo cycle length, splits and 	portation Research Center, RIcA iepi•- 

	

dial assigrenents. Maaslres of •ff.ctlneness 	mehTation Package 79-9, Jsiy, 1979. 
ore delays, stops, ancass tool conslanption 
doe to stops and delay, degree 01 saturatIon 
and left-torn nenf I icts. SOAP may be used to 
analyze .alsting or pr.-d.t.r.ined tlelng. 
inputs consist of a old. nor (sty of options 
and control parameters. tobus.n, lI.edeays, 
capacIties and special parameters we input. 
The latter permits SOAP to consider coerdlaa- 

. 

	

	 tion of the signal With on adjacent internec- 
lion and the effect of platoon err (eels. 
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Figure 2. Intersection model:' TEXAS. 	IOEL: 	 TEXAS 	NUMEER: 	 1-1 

CEVELCPED Pt: 	 T.W. tieao and C.E. Lee 	YEAR, 	 igInai: 	, 	 1977 
Center for Highway Research 

	

University of Texas at Austin 	PRCOR.nM LANGUAGE: 	 FORTRAN IV 

AITTAINTU Pt: 	TeXAS Departemnt of Highways 

	

and Public Transportation 	PROGRAM SRUTOVE: 	 Structured 

PURPOSE: 	Evaluation of traffic performance 
- 	 I4ACeINE: 	 CCC 6600 & IBM 370 

CORE R0UIREME1ITS: 	 Est. 2051 
hOELlNG APPRCACfI: MIcroscopic, stochestic; 
time scan, simulation. 

EFFICIENCY: 	 1:46 to 1:8 
DEOREE OF OcCJMENTATION: 

Model Development - 	 Yes 
Progan Gescription - 	 Yes 	DEGREE OF VALIDATION: 	Computational & Field 
User Manual - 	 Yes 

GENERAL DESCRIPTION: 

The TEXAS package Is designed to pattern de-
talledemeluatlons of traffic performance at 
isolated intersections. The geometry proces-
sor, GEOPRO, translates the user Input data 
into the requIred geometry infornation. These 
geometry input data are straightfor.ard and 
comprehensive. The driver-vehicle processor. 
OVPRO, randomly generates the individual dri-
ve--vehicle ovits based on a variety of over 
data and pronram defaolt values. The partic-
ular driver characteristics and the vehicle 
generation are treeted stochesticolly. The 
sievlatlon processor. SIffPRO, nlcroscopicolly 
processes each driver-vehicle unit through 
the Intersection in a fiend, discrete-time 
Incrotent, and occunulates data on the ve-
hicle performance and traffic Interaction. 
This nodal is asefol in deeeioping and 
evaluating elternative geometric or control 
lmprdeements and appears to be on efficient, 
aeli-daneloped tool. 

- 

011) T.W. Rloov and C.E. Lee, "TEXAS - Micro-
scopic Traffic Simulation Pockage for 
Isolated Intersections", presented at 
the 56th annoel meeting of the Transpor-
tatIon Research Board, fieshinglon. D.C.. 
1977. 

12l C.E. Lee, at 01.. 'The TEXAS Model for 
Intersection Traffic - DeoeIopmnnt", 
Research Report he. 184-I. Center for 
Highway Research. University,  of Teoas, 
Austin. 

"(3) C.E. Lee, at al.. 'The TEXAS Model for 
Intersection Traffic - Programmer's 

- 	Guide', Research Report No. 184-2,Cot- 
ter for Highway Research, University of 

- - Teoos, Austin. 

(0) C.E. Lee, at al ,,. "The TEXAS Model for 
- Intersection Traffic - User's Guide', 

Research Report No. 164-3. Center for 
Highway Research. University of Teaos, 
Austin, Jofy, 1977, 82 kpp. 

0(5) C.E. Lee, at al.. -The TEXAS Model for 
Intersection Traffic - Analysis at Sig-
nal Warrants and Intersection Capacity', 
Research Report No. 184-4, Center for 
Highway Research, UniversIty of Teoas. 
Austin. 

Table 2. Summary of arterial models. 
Pro9ree 

Number Rome Data App) Icatlon Model In9 Approach Langaeg. Compote- 

A-i Sif.'TCL 1976 Grades & Trucks Mic. • Stow., IS, 	Sic. FatTen IV CX 6400 
NC STOP I 175 Slonaf Progression Mac. • Dot. • Tb. Opt. Fortrem lb Unknown 

'5• PASSER 1970/ Signal 	Tleing 	, 	- Mac., Oct.. ,TS, Opt. ANSI/ 161-f 360/ 
Iii 1976 Dien,ond Romps 	-- . Fe-tree IV 370 

T 1'747 Signal 	Progression Mac., Oct.. TX, Opt, Patron IBM 360/ 
II 1976 1 	 - iv 370 

5 SUB 1 1 Urban Boa Operations fIb., 	Stow. • 	ES, 	bile. Fortran IBM 360/ 
(tar balMs) IV 370 - - Mac,, 	Stow.. TX, 	Sla,. 
(for others) - 

'• NCSiJ TtYY Pess beg Sight Mac.. Get., IS, Opt, Fe-tree Unknown 
Oistevc. Reqolre,nents - 	- IV 

tU 1973 1,- Perkiag Effects on MIc., Get., 	Sic. Unknown Unknown 
Capacity  

A-B AECELLIO 1973 ?iotoon DisperSion Mac., Get., 	Sie. 	. ORSS IBM 360/ 
-  165 

TSlRfA TIT int.rs.ction Mic., 	Stow., 	Sic.' MachIs. Elliott 
Operetfons - Code 920161 

f-fRI 	, 1970 Traffic Fl.. 	IS Mtns. Mic.. 	Stow., 	'TO, 	Opt. Fe-tree lb CX 
/ASsembly 6900 

A-Il MACCLEN- 1969 V.hici. Lengths Mic., Get., 	TO, 	Sic. Fe-tren lb Unknown 
AfIAN 

iT CELA°, 1969 Signal Progression Mac., 	Get., 	'TO, 	Sic, fe-tram lb IBM 7094 
- DIFFERENCE  

13-  SIGPROG TT Signal Progression Mew. • De?., IS. Opt. Fe-tram DBM 360 
A-Id. FIRL 	• 1967 Passing Moneanors Mic., Oat. • TS, 	Si,. Fe-tree if Unknown 
A-i) WMNSfI1US,, 1967 Traffic Fins - Rural Mic., 	Get., 	T5, 	Sic. - fortran IV IBM 7094 

- Roads 
A-16 CRAFT, TT Traffic Flow Si,s. 	• Unknown Unknoan 

SMITH  
''T SIDART 17 Signal Progression Mac., Get., TX, Opt, For,tren iv I BM 560 7 _________  510 
1T NEWAR4 13 Car Following Man. Mic., 	Stow.. 	Sill,. Unknown Unknown 

A-l9 LITTLE 1965 Signal 	Progression 	, Mac., Get., TO, Opt. Fe-tree IV IBM 7094 
61620 

8-20 YARDENI 1964 Signal Pf-ogr.ssion Mac,, Get,. TO, Opt. Fortran lb IBM 7096 
_______  67040 
FISHER 1964 1 Late-el R.strictioes Mic,, SYnc., Tb. SIn, Unknown IBM 650 

Y-  PRETTY 1964 Erattic Flow Signal- Sic. 	 -. Unknown ljhka,O,n 
Ized Artarlel 

8-23 ARNOLD/ 1964 Traffic Flow on Iwo- Sirn. 	 . Unknown Unknown 
RESZ lens Roads 

A.'24 RAACNESTER TS Traffic Performance Mew. Stow.. IS, Sb, Atlas Atlas 
_ Autocode ICY 

8-20 RIIREE 1963 Traffic Contol P01. Mac,, Oct., Tb, 	SIc. Unknown 1 Immense 
6 1615 TT Irotf Ic Floe P40w,, 	Sb, I 	Assembly i7ö' 



15 TRB Special Report 194 

Figure 3. Arterial model: 	PASSER II. 	 Ii A-4 

DEVELGRED BY: 	 C.J.MESSER, at at YEAR: 	 Oiginei: 1974 
Tevas Transportation Institute RevIsed: 1978 

MAINTAINED BY 	Tevas Department of llighaays PROGRAM LAN2.AGE: FORTRAN IV 

end Public Transportation 
PROGRAM STRUCTURE: Single Routine. 

PURPOSE: 	Mavinizotion of 	Bend.idth along 1600 Statmn,ents 

signal izad 	&terlai 
MACNINE: IBM 360/370 

IMDDELIIG APPROACH: 	Macroscopic, 	deterninis- 

tic, 	time scan. optImIzation. CGRE REQUIREMENIS: Unkflaafl 

DEGREE OF DOGUMENTATION: 
Model Development - 	 Unknoon EFFICIEtCY: Nigh 

Progrotn Oescriptiofl - 	 Yes 
user Manual - 	 Yes DEGREE OF VALIDATION: Co.nputatiomei 

and Field Yr if icat ion 

GENERAL DESCRIPTION: 

This model, Progression Analysis and Signal 
System Evaluation Routine, was developed to 
neiyze indinidual signalized intersection 

Operations or to determine Optimum Pogres-
slofl along an arterial Street considering 
or led multI-phase- sequences. 	The 	model 
developer's have canbined Brook's interfer-
ence algorithm ltu Little's optimized un-
equal bandeidth equations and eopanded Them 
to Include multi-phase signal operation. 
Basic Inputs Include turning novanants, set-
iretion capacity floe rates and minimum geen 
times for each novmamt that oust be pOnided 
for at each intersection. For progression 
analysis distance between intersections, 
average link speed, queue clearance intervals 
and parmlssabie phasing sequences we rOvi-
dad. Standard outputs include on echo copy, 
progression values loptimum cycle length, and 
bendaidth in secoodsl and average speed in 
both directions as well as two measures of 
oftectineoess, baodeidth efficiency and per-
cent of minimum erteriel green  time Included 
In the band. Also included is signal tining 
information on phone sequence, offset and n/c 
ratios. As an option a printer or digItal 
plotted, time space dIagram can be pronided. 

.11> Manner, C.J., at ai. "A eerlabl.-Se-
gsenve Muitlphese Progression Optimiza-
tion Program," IRS, Nigheay Research 
Record 445, 1973. pp. 24-33. 

i2I Manner. C.J., Macnd, N.E. and Koeppo, 
E,A.. "A Report on the User's Manual for 
Progressive Realysis and Signal System 
Evaluation Routine- PASSER Ii," Tapes 
Trans. institute, Research Report 165-
14, August, 1974 lNTlS-PB24I5821 

0131 Messer, C.J. and Fambro, D.C. • "A GuIde 
for Designing and Operating Signalized 
Intersections In Texas," Teves Transpor-
yqtiov institute Research Report 203-I, 
August, 1974. 

tweerl intersections, average link speeds, queue 
clearance intervals, and permissible phasing se-
quences. Outputs include an echo of input, progres-
sion values, signal timing, and information on phase 
sequence, offset, and V/C ratios. A printer plot of 
a time spacing diagram is optional. PASSER 11-80 
has just been released by 'Texas and will be included 
in the handbook if time permits. PASSER-80 is an 
example of graceful model improvement. It uses in-
put formats almost identical to PASSER II but has 
improved processing algorithms and measures of ef-
fectiveness. PASSER II is written in FORTRAN IV and 
was developed on IBM computers. 

PASSER III (see Figure 4) provides optimal 'offset 
relationships for diamond interchanges. The objec-
tive is to minimize totaldelay for the interchange 
for a given cycle length and phasing pattern. Four 
phasing patterns are permitted, 'including all com-
binations of leading and lagging' greens plus the 
four-phase, two-overlap sequence. Inputs to the', 
model include an interchange description, phasing,, 
pattern, cycle length, overlaps, movement volumes, 
and capacities. A progressive mode is available 
that determines the optimal cycle length and pro-
gressive phaâing for progression along frontage 
roads for a series -of diamond interchanges. Time 
space diagrams are available as an output for this 
use of the model. PASSER III was written in FORTRAN 
66 and requires approximately 168k7bytes of memory. 
The Texas tran"spdrtation department has extensively 
field tested'-the model.. 

The SUB model is a 'special-purpose program for' 
simulating bus--operations on arterials. It-provides 
a number of performance measures. Vehicular traffic 
is treated macroscopically, while buses are treated 
microscopically. 	Twenty arterial' blocks may be 
modeled with either protected or unprotected bus 
stops. The detailed logic for bus stop operation 

requires input of bus descriptions, discharge head-
ways, passenger service time, traffic volumes, bus 
routes, link, and signal data. Outputs include ar-
rival and departure time for each bus, passenger 
statistics, and travel speeds. SUB was written in 
1973 in-FORTRAN 66 and requires approximately 90k of 
memory. Many of SUB's capabilities will be placed 
into the TRAF model currently under development by 
FHWA. 

In addition to the arterial models selected for 
inclusion in the handbook, there is another model of 
interest. It is the MRI Mountainous Terrain Model 
(see Figure 5). It provides for simulation of di-
rectional flow on a four-lane, divided roadway up:.to 
131 000 ft in length with intermittent hill-climbing 
lanes. 'Speed and acceleration characteristics are 
controlled by grade and horizontal curvature. 
Driver-vehicle characteristics and maximum speed on 
downgrades can be specified. The model has been ex-
tensively validated and appears to be realistic. 
The MRI Mountainous Terrain Model is written pri-
marily in FORTRAN 66 but does have some CDC assembly 
code. It requires only 32k of memory. 

Network Models 

In most urban areas, there are one or more central 
business districts (CBDs) that have extremely dense 
road networks. These areas have been undergoing a 
resurgence of construction and development as rising 
fuel costs have reestablished their value. During 
the next decade, this growth may be expected to tax 
the transportation system. The modernization of the 
infrastructure of the CBD area has not extended to 
the physical street systems. In some areas it has 
been accompanied by the establishment of com-
puterized UTCS systems. In most areas, however, 
traffic' slows to around 20 mph when it enters the 
downtown area. 	- 
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Efforts to improve traffic flow, such as signal 
interconnection, parking prohibition, one-way 
streets, reversible lane operations, and other 
changes, frequently meet with opposition from local 
businesses. Improvements also meet opposition from 
residents on the fringes of the central areas who 
want to restrict the flow of traffic. 

Developments in computer technology provide the 
traffic engineer with a rather inexpensive method of 
developing and evaluating different techniques of 
improving traffic flow and persuading council, busi-
ness, and residents of the potential benefits. 
Table 3 summarizes the models that were considered  

for possible inclusion in the handbook. 
NETSIM and TRANSYT are 'the two most widely used 

network models, each in its own category. TRANSYT 
has several variations. TRANSYT-6 served as the 
basis for the TRANSYT-6N and TRANSYT-6C models (see. 
Figure 6) . The TRANSYT-7 model reduced input re-
quirements from TRANSYT-6 and speeded up the optimi-
zation. An anglicized version of TRANSYT, called 
TRANSYT-7F, has a preprocessor to provide simplified 
input and a postprocessor to provide a time-space 
diagram and improved output. The TRANSYT traffic 
model also provided the basis for much of the SIGOP 
III traffic model. SIGOP III provides a form of in- 

Figure 4. Arterial model: PASSER III. 	L: 	 PASSER III 	NUASER: 

CEVELED BY: 	C.J. Manner and D.E. tanlbro. 	YEAR: 	 Olginal: 

	

Texas Transportation Institute 	 Revised: 

TAIIT9INED fY 	Texas Cepartnent of ilighoays 	PROORP,M LANGUAGE 
and tool IC trans;ortotion 

6-3 

1974 
1976 

ANSI FORTRAN 

'lodu I 
PURrOSE: 	Optimizes signalizatIon of-diamond 
innurcr.nnges both Isolated or'elong frontage 
roan Systems. 

'COELING APORCACH: 	Macroscopic, determinis- 
tic, tine-scan. OptinnizatiOfl. 

CORE REQUIREIIENTS: 	 168 

EFFIClElT: 
	

111gB 
DEEE OF DXCMET$TATION: 	 - 

Modal Development- 	 No 
orogrom Description - 	 Yes 	CEEE CF vALIDAtION: 	Estansin. fisid 
User Manual - 	 Yes 	 , 	 testing in Texas 

GE4ERAL DESCRIPTION 

PASSER III Is a design tool nnlch enables en-
gineers to determine the optimal offset be-
tcoen the Two signals of a dianano Inter-
change ahich minimizes total interchange de-
lay for a given cycle length and phasing pat-
tern. Four phasing patterns we permitted 
including all cOSbimetions of elmedimgn and 
"legging' Teens,  plus the so-called "4-phase 
with onerlep" pattern. 	Inputs to this iso. 
lanes mode Include interchange descriptions, 
desired phasing pattern(s), cycle length, 
onerlap, queue capacitIes, movement nolunles, 
005 capacitIes (enpressed as eqoinalent num-
ber of lanes and minimum Teens). The vo-
gresilne nOde determines the optimal cycle 
length and p'Iorlty phasing for crogresslon 
on a system of Interconnected Interchenges 
vith contInuous frontage roams. 	The soon. 
data (or constants for patterns) plus are-
gr.sslon speeds we input (cycle length nay 
very over a range). Ostputs we optimal d. 
sIgns, aeasweo of effecylneness and time-
spec. dlagtems. 

REFERETCES 

"(I) Fombro, D.B., .t.a I., n3  Report on the 
User's Manual for Diamond Interchange 
Signallastion - PASSER III,- Texas 
Transportation Institute R.seerch Report 
No. 178-I, August, 1976, 

0(2) Masse,, O.J. • D.B. Falebro and J.M. Tur-
ner, "Analysis of Diamond Interchange 
Operation and Development of a Frontege 
Auad Lenel of Service EvaluatIon Program 
- PASSER III 	- FInal Report.- Texas 
Irnesportation Institute Raseerch Report 
IC. 178-2F, August, 1976. 

Figure 5. ArterIal model: MRI Mountainouo Terrain. ICOEL: 	 hl Moumtall,auo TerraIn NU1€ER, . 	A-b 

DOnELOPED BY: . 	Mldasst Research InstItute ' 	YEAR: 	 0-Iginal: ' 	1970 - 	Rem Ised: . 	Unkeonn 

PR.M LANUUAGE: FORTRAN IV/ASSEP€LT 
paisTaintU Pt: 	 ' 	' 	l.lnkmee,, 

PR).M STRUCTURE: Modular 

PLR°TSE: 	Evaluation of 	traffic Cherect.r- ' 
istici of 'roedoays 	In ,momtaleouo en.au. 	. MNOIINE: 	, 	. CX 6400 

PELIPG 	PROACt1: 	MIcroscopIc, stochastIc, CORE REQSIREMENT5: 
silnulOtiOlt.  

CETEEOF DXIJIAEMTATIO':. 	' 	' EFFICIEPCY: 	' ' 	20:1 	to 	10:1' 
MoRel Development - 	.. 	 Y.$ 
Program C.scriptiom - 	Yes DEOREE Of VALIDATION: P1.10 V.rltic.tlon 
User Manual - 	 Tan 

REFEREICES I 
GENERAL DESCRIPTION 

00) A.D. St. Johe, D.R. Cobalt, Speaw,1114, 
The geonstr,Ic configuration of this aCd.l 

	
and S.D. Colanz, "Traffic SImulation to, 

allons sloclatlon of dIrectIonal flow on a 
	

the 0.51gm of Uniform Service Reeds In 
tour-lane, divided road.ay up to 131,000 f.et 

	
Pountanous TerraIn", 4 Volumes, Fleel 

long with Imtereltt.nt tIlII-clleblng lanes. 	Report, MIdmost R.s.a,ch Imutitot., Con- 
The slesslation dynaeiCs are parallel to t105 

	
fr.ct No. ERR-11.6093 for FBA, 1970. 

In the *1 Freeoay model, oncept that desired 
speeds and acceleratIon cboracterlstics en. 
controlled by 9'ades and torlzomtel corns-
tore. Different 8' Iner/n.),Icl. character Is-
tics are else defined and meailnann speeds for 
doengredes can be specIfied. ExtensIve valI-
dation eas been perfo.-eed and realistic re- - 
sulTS have been reyortec, 
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Table 3. Summary of arterial network models. 

Nunbor Name Oae Application Mod.ling Approach 
Program 
Lenguape Ccmput.r 

N-i SIGOP 	II I79 Opt. 	Signal 	Timing Mac., Dat., 15, Opt. Fortran CX 660 
IBM 360/370 

T TRANSYT7 1T71 Opt. Signal 	Timing Mac., Os?., 'IS, Opt. Fortran lv 
_________ 

lOt. 4-70 
IBM 360/370 

r srTsle T7T £noins Signal Control 
Systerm 

Mic., 	Stoc, 'IS, 	Sha, Fortran iv IV73W7376 
CX 6600 

i -  TR.ANST'T6C ITTT Opt. Signal 	Timing Mac., Sat., 	'I'S, Opt. Fortran 
IBM 360/370 

3 IRASOM iiYS Opt. 	Signal 	Tilting MAC. • Oat., is, Opt. Forl'ran 	IV Unkno.n 

NITROR Opt. Signal 	Timing Mac., Dat. • IS, Opt. *SX/MIP IBM 370/163 

1 T 1974 Oat. 	Signal Timing Mac.. Dat. • IS. Opt. Fortran It IBM 370/165 

iF 0000E5 1974 Eva. V,nici. Pertorm, Mic. • 	Sin. Unknown Unknown 

ERiICS(N TT Eta. Bus Maeen,.nt MiC,, 	Stoc., 	ES. 	Sin. Unknown UsPJtoan 

SiGNET TT jEwa. 	Signal 	Timing Mic. • StOc. • 	'IS, Opt. Fortran IV CX 6300 

'iT uTs-i 1131 Enaluata Traffic Floe MiS., 	Stoc.. IS, Sin. Unknown Unknown 

P1-12 1I1RMiNG- 1970 Enaluata Signal 	Timing 
HAM  

Mic., 	Oat., 	IS, Sin. Egtran 3 Atlas 	ICL 

N-IS OtNET 1969 Enalaata Traffic Plo. Mic., 	Stoc.. 'IS. 	Sin. Fortran Unknown 

14 .  4AITAI/ 1969 
NAGAO ________________  

Enaluat. Traffic Pica Mac. Stoc., IS, Sin. Unknown 

__________  

Unknown 

T5•  SCtiAU(- TF Ecaiva'ta Ttaftic Fin. 
WI JIC  

Mac., Sin. iim5cr I pt OX 

N-iA BRITISH 1967 Opt. Signal 	Timing 
CONS IN,  

Mac.. Set., 'IS, Opt. Fortran if IBM 360/30 

b-iT IMIT 1966 Ecal. 	Signal 	lining Hoc., 	Silt. Unknown Unknown 

1T VE'TRAS 1T6Z Eeaivata Traffic R. ,fIc., 55cc., 	15. 	Si.. GRSS IBM 360 

1T IRRL rsr tool. 	Signal 	Timing Mac.. Stoc., IS, S:m. Unocn ke Forrant,  
Pegasus 

5 UTS i'r Eva luata Traffic Floe Mic.. Stoc.. 15. Sin. GRSS/FAP iBM 7090 

P1-21 SIURIO 1964 Opt. Signal 	Timing Mac. • Dat.. IS. Opt. Fortran Unknown 

1 TRANS i963 Evaluate Signal 	Timing Mac.. 	Stoc. • IS, 
Si;. 

 SfJ'/FAP IBM 709 

9-23 LO?1GLEY i'5 Evaluate Traffic Fin. Mic., Oat., 	TS, 	Sin. Fortran Elliott 4100 

9-24 UtRt Loaluate Trotfic Flow Mac.. Stoc., TS. Sin. Unknoon SWAC 

Figure 6. Arterial network model: TRANSYT 
6C. 

P000L: 	 TRANSYT BC 	NUfeol 

DEVELORED BY: 	 P.P. Jananls, 	YEAR: 	 &lglnai: 

	

and A.D. May, aY.ai. (AC) 	 R.nised: 
Unlv&slfy of California, Brkei.y 

PRNM LANGfJAGE 

MAINTAiNED BY: 	UnicarsI't'y of CalifornIa 

	

Be, kalay 	PROGRAM STRUCTURE: 

PURtOSE: 	Eutends 1RANSTT6 to Incloda anti- 	WRO4INE: 
ronnontol and node shift impacts. 

9-4 

-1967 
1977 

ANSI FONTRAN 

Sit soturad 

CX, IBM 

MOEt.ING APPROACH: 	MacroscopIc, determinis- 
tic, time-scan. optlnizatlon 

DEGREE OF DX'JMEldTATIOlO: 
Modoi Dnvalopvent - 	 Yes 
Procren Description - 	 tas 
User Manuel - 	 Ya 

GENERAL DESCRIPTION: 

This version antands TRANSYT 6 to edd anti-
ronmantol Inpactsand demand responses, ma 
network traffic flow is sinulatad to act mate 
fuelconswnptlon and aohauSt eniSslons for 
aach link. Datpsts of this simulation gina 
the foci and emissions data plus traffic par-
tornanca maastres. Plots of these may 60 ob-
tained. The demand responses redlct the at-
facts of special and model shifts. In eddi-
Plan to the recious outputs, this sctanodeI 
Outputs the or ions demand shi ftc. Al I rem-
lnal TRA NSYT 6 inputs e'a raguired (as appi I- 
cablal. This version also raquiras data 	l 
the roadway and traffic atnposItlon lIar foal 
consumptIon) and parmnatars for the demand 
r as pen Se 

CORE REQUIREMENTS: 	 320 IT (IBM) 

EFFiCIEPCt: 	 Los 

DEGREE OF VALIDATION: 	 Plaid tested 
In California 

RE lEA E PC E S 

(I) Jonanis, P.P., A.D. May and W. 	Yip. 
"Further Aoalysls and EnaivatIon of 
Selected impacts of Traffic Maoagmnoat 
Strategies on Slrfaca Streets," ITS, 
ihline'slty at California. Berk.I.y, 
October, 1977. 

(2) Jonanls. P.P. and A.D. May. •'W4NS'fl' BC 
Madel Workshop. Studant Workbook," ITS, 
Uninerslty of California, Berk.l.y. (un-
dated). 

put that is very similar to the type of traffic data 
traffic engineers typically collect whereas data re-
quired for TRANSYT are somewhat different. SIGOP 

III provides for a comprehensive evaluation, includ-
ing cycle lengths, with measures of effectiveness 
for both individual links (one direction of each 
block) and the network as a whole. Neither SIGOP 

III nor TRANSYT-7F are available to the public; both 
are undergoing comprehensive field trials and final 
development. Both models represent the latest state 
of the art and should provide the traffic engineer 
with useful tools. 

NETSIM (see Figure 7) is the most widely used 
network simulation model. It is a microscopic, sto-
chastic model based on the UTCS-1 model that in turn 
was based on the DYNET model and the TRANS model. 

It treats individual vehicles rather than platoons 
and is the main reason this conference is being 
held. Plans for improvements and refinements to 
this model as part of the TRAF family are described 
later in this paper as well as in other papers in 
this conference (see, for example, the paper by 
Lieberman in this proceedings) 

NETSIM, TRANSYT, and SIGOP III are all written in 
standard FORTRAN 66. Due to their wide use, they 
are perhaps the most portable of the models for 
traffic operations analysis. The data required for 
input are similar. The SIGOP III input data set is 
a proper subset of the NETSIM data set although it 
is formatted slightly differently. On one occasion, 
we were able to code an arterial network in NETSIM 
directly from the SIGOP III input data. These three 
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Figure 7. Arterial network model: NETSIM. 	PL 	 NETS IC 	NUIER: 	 6-3 

	

DEVELEO BY: E.B Llebor,nan & A. Rasenfisld, 	YEAR: 	 0-IgInel: 	 1971 

	

ilLS AssoCiateS, Inc., 	 RevIsed: 	 1977 
and J.J Braggesen and 9.2. dorral, 

	

Peat. Mar.ick, Mltchel & Co. 	PROGRAM LAPGUAGE: 	 FTRAN IV 

4AINTAINEO BY: 

	

FHWA 	PROGRAM STRUCTURE: 	ffoduler, consisting of 
a (I) pre-proCessor, (2) Simulwtor, (3) fuel 
consumption and enissiofl5 and (4) past-pro- P'JRPCSE: 	

Evaluation of alternative rOan 	cessar. 
arterial network control strategies, with 

	

particoiar emphasis an sophisticated si3nal 	f.IECHINE: 	 iBM 370, CDC 6600 and UNIVAC 
Control systems. 

CORE REQUIREMENTS: 	 226 6 
YCELI:1G aPPROACH: 	Microscopic, stochastIc. 
time Scan, Simulcetion. 	 EFTICIEYCY: 	Approa. 1:2 (IBM 360/370) 

1:5 (CX 6600) 
OEIEE OF DOGOMENTATION:' 

fooni Oewelopment - 	 Yes 	DEGREE OF VALIDATION: 	The model has been 
Program Descriptiot - 	 Yes 	subjected to an entenslme pragran of field 
User Manual - 	 Yes 	testing and vOl Idatian. 

REFERECES: 	 - 
GENERAL DESCRIPTIOS: 

The NETSIM model is a mIcroscopIc, stochastIc 
network simulation nodal aatnnsine at the 
UTCS-1 model which incorporated and eapanded 
on The TRANS and ORNET models. It treats the 
street network as a sam es of Interconnected 
links and andes, along which vehicles we 
processed In a time-scan format subject to 
the imposition of traffic control systems. 
THIS refined model can treat most major forms 
of urban traffic controls and was primarily 
desi;nad as a teal for testing alternative 
control strategies anaer condltians at foamy 
demand. 	It is partIcularly applicable to 
evaluation of dynamically controlled SIgnal 
systems which use real-time traffic Srveil-
lance information. A wide um-iety of simpler 
problems can 0:50 be addressed. In addition 
to the normal data on vehicle performance 
(Speed, dalay, vehicle-miles, etc.) a,utput 
data Incudas estimates of fuel consumption 
and vehIcle emissions. 

(l) E. Lieberman and W. Rasenf laid. nfotaork 
Flow Simulation for Urban Traffic Con-
trol System - Phae Ii", Eatension of 
NETSIM Simulation Vtael (formerly LITCS-
I) to Incorporated beside Fuel Consump-
tlaa and Emissions", bals. I-U, KU.O 
Associates, Inc.. 1977, 53 pages. 

0(2) E. B. Lieborman and R.D. Worrail, 
Srk Flaw Simulation for Urban Traffic 
Control System - Phase II, Vois. 	I-S, 
Peat, Mar.lck, Mitchel and Co., and ilLS 
Assoc iates, Inc., 1973-I4. 

°(3) E.B. Lieborman at al., nLoglcai  Design 
and Sonanstretlon of UTCS-1 NeIacrk Sim-
ulation Yfodel:, hRR 409, TransportatIon 
Research Board, '.lashingtan, D.C. • 1972, 
pp. d5-56. 

(4) J.j Bruggonen, E.B. Liebernan and R.D. 
Worrail, nfotaork FIoo Simulation for 
Urban Traffic Control System ;  Peat, 
Marwick, and Co., 1971. 

models are also among the most extensively vali-
dated. TRANSYT and SIGOP are based on field studies 
of platoon dispersion by Denis Robertson in Great 
Britain. The NETSIM model was validated through 
film-recorded data of a traffic network in Washing-
ton, D.C., and to a lesser extent by traffic studies 
by various users. 

FHWA is making available the computer models 
selected for inclusion in the handbook. The tape 
library will include the source listing for each 
model and the sample problems used in the handbook. 
These problems will be useful in testing compatibil-
ity with the user's computer. 

Freeway Models 

Strong emphasis has been placed on increasing the 
capacity, safety, and efficiency of the nation's 
freeways in recent years due to the unavailability 
of new construction funds. These limited-access 
highways were built generally during the last 25 
years to serve existing and future traffic for years 
to come. However, due to the attractiveness of 
these facilities, design volumes were often exceeded 
within several years. 

Today, the nation's freeways operate during por-
tions of the day with stop-and-go traffic and low 
speeds, much as the arterials they were designed to 
relieve. This congestion is due to demand in excess 
of capacity and frequently to traffic accidents and 
incidents. Because most of the congested freeways 
are, within the urbanized areas, the typical solu-
tions of adding lanes are not feasible, due to 
right-of-way and construction costs. Land use and 
environmental impacts also restrict new construc-
tion. The more economical solutions to these prob-
lems have concentrated on providing higher vehicle 
occupancy, controlling the rate of access to the 
freeway, relieving bottlenecks caused by weaving and 

inadequate merging lanes, and detection of incidents 
to permit improved response through traffic control 
measures. 

In the last decade, a considerable number of com-
puter models have been developed to aid the trans-
portation engineer and planner in evaluating 
alternative traffic control strategies for these 
facilities. Table 4 summarizes the freeway models 
reviewed for the handbook. 

The most common method of encouraging higher ve-
hicle occupancy has been through the designation of 
a priority lane reserved exclusively for high-occu-
pancy vehicles. The earliest reliable model, which 
has been used extensively in the past to evaluate 
the effectiveness of this technique, is the PRIFRE 
model. PRIFRE is an acronym for FREeway PRIority 
lane model (see Figure 8). . PRIFRE can be used to 
evaluate existing conditions without priority-lane 
treatments and various types of priority treatments. 

Another method of improving the level of service 
of freeways is the use of ramp metering to either 
control the flow of entering vehicles or provide 
priority treatment for high-occupancy vehicles. The 
FREQ3CP model (see Figure -9) has been used ex-
tensively to evaluate alternative priority entry 
control strategies for freeways. This model can be 
used to determine the entry control strategy such as 
metering rates and priority cut-off levels that 
maximize the objective function (passenger or miles 
of travel). 

Both of these models are included in the FHWA 
Transportation Planning Back Pack library. They 
have proved to be a valuable tool in evaluating 
freeway operations. They were developed by Adolph 
D. May and his associates at the Institute of Trans-
portation Studies (ITS) at Berkeley. In recent 
years May and his associates have extended FREQ3CP 
to include fuel consumption, vehicle emissions, and 
demand-response impacts (see Figure 10). They have 
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integrated the extended model with PRIFRE to provide 
a more comprehensive model, FREQ6PL (see Figure 
11). However, these models are still being modified 
to reflect operational characteristics of the motor 
vehicle fleet (e.g., more strictly regulated fuel 
and emissions control) and other enhancements that 
promote a more comprehensive approach to freeway 

'operations such as the effect of ramp control on 
parallel arterial streets. The handbook includes 
the more widely used versions, PRIFRE and FREQ3CP. 

Corridor Models 

During the last decade, transportation engineers 

Table 4. Summary of freeway modela. - Program 

Number Name Date ApplIcation Modeling Approach Language Conpwte 

TT' FAU,6?'. IfW Evaluate nOV Lanes Mac.. Oat., IS. Opt. ANSI O)C/IeM 
Fortran 

?i' FRENCP ceveiop Opt mel Ramp Clan., Oat., 	IS, Opt. ANSI cxxwieii 

_________ - Metering For tran  

T3 FRE3CP 1975 DevelOp Optimal Ranpa Mac., Dat.. IS, Opt. Fortran IV IBM 360 

Metering  COO 6900 

F..4 TRAFFIC 1975 Evaluate Incident Mic., 	Stec., 	IS, 	Sin. Fortran IV CX 6400 - I)etection Strategies  
E:5 

_________ 
nA:r 1974 Evalate Traffic Floe 'fec., Set., 	TO. 	Sin. Fortran CCC 6400 

T' PSIFRU T75 Lueluate NOV Lanes Mac., Den., 	IS. 	Sin Fortran IV CX 6400 
IBM 360 

77 A.AI4PCON 1973 Oeoelop Opt. MeterIng Mac., Oat.. 	IS, Si.. Fortran (5100cm 

Rates  
OX 1972 doaluate Ireftic Floe Mic,. 	Stan., 	IS, 	Sin. Fortran IV 18ff 360/67 

UNIVAC iioa 
GEOPOIA 1971 Ene. Affects of Tracks Mm., 	Stan., 	IS, 	Sin. Fortran 'IV IBM 360/30 & 

/Assembly 90 

F-ID COIINECTI- 1970 Enalaute TraffIc Floe Mic., 	Stan., IS, 	Sin. Fortran IV UNIVAC 1106 

CUT  
F-il ,4IKNAI.XIN 7970 Eta. Sensor Lanatlons FortranIV 

n 
 
 

BM 360 
IBM 560/6 5 1-12 SINVA f 

MI
c
c., Stan 
	. an,IS.S

i
n . St..  ForraIV 

/Assamb ly  
T'ir'.' 4OPT.f- 1969 Uvaluete Lane ChangIng Mm., 	SIoc., 	TO, 	Dim. W5nIV CCC 6400 

WESTERN - /SPURT ___________ 

F-Id rll 	- 1969 Evaluate Ramp Controls Mm.. 	Stan., 	'15, 	SIn. Fortr an 	IV 1814 7094 

CE RD INO 
F-IS MRI 1968 Evaluate IreAf In Floe Mm,, 	Stoc.. 	75, 	Sin. Fortran IV 1614 360/50 

fAss emS it ______ 

1-16 MIESSE 966 Evaluate Ramp Closures MIc., 	Stan.. TO, 	Sin. UnknOen UnknOen 

T7T -  ANIZOM 1964 Enalaute Ramp Design Mm., 	Stan., 	IS. 	Sin. iortran & I. 7072 or 
Autanoder 1401 

F-lB IGERLOUCA ji965 Evaluate Trefllc Floe IMIc,, 	Stan., TO, 	SIn. Unkno.n SWAC 

FigureS. Freeway model: PRIFRE. 	VeXEL: 	 PRIFRE 	 F6 

YEAR: 	 O- IginaI: 	 1973 

DEVELOPED BY: 

	

	M.D. MInister, P.O. Lee, 	- 	RevIsed: 

IS. Onalci. and A.D. May 
1110, Unlnersli'V of CalifornIa, Berkely 

PROOIW4 LANQUAGE: 	 FONTRAN IV 

MAINTAII1EE On: 	 INCA 
PROOPAM STRUCTURE: 	 Modular 

PUVPSSE: 	 Enaluat ion of NOV lanes on 

freeway. 	 MACNINE 	 CCC 6400 & IBM 360 

M000LIIG APPROACH: 	Macroscopic. determlnis 	COPE REQUIREMENTS: 	 60 IS IEst.l 

tic, tine scam, simulation. 

EFFICIENCY: 	 Unknoen 

DEOPEE OF DOOUHE1ITAIION: 
140001 Denelopmvnt - 	 Yes 

Program Description - 	 Yes 	DECREE OF VALIDATION: 	ComputatIonal P. FIeld 

User Manuel - 	 ten 

REF EVE NC E S 

GENERAL DESCRIPTION: 
C111 M.D. Minister, L.P. Lee, K. Omaic: and 

	

The PRIFRE model can developed to sImulate 	A.D. May, A Computer S:mulation fOOd 

	

the operation of a dIrectional frea.ay sac- 	 to' Evaluating PriorIty Operations an 

	

tloa aith a concurrent-floe prIorIty lane for 	Freeaays", 1710, lAliversiVy of CalIber- 

high-occupancy vehicles. 	Its structure and 	ale, Barkloy. 1973. 313 pages. 

nodal ing approach is based on Two earlier no- 

dels, FREED and 811555. 	The sinolatlon ap- 	°121 M.D. Iflsister, L.P. La., K. Oneicl and 

	

proech e.nployed is macroscopic and determin- 	A.D. May, 'A Co,npcter Sinuletion Fodal 

	

istic. In onich vehicular Aloe is modeled as 	for Ecaluating Priority Operationson 

	

a conprassible fluid and gueuaing Is Ideal- 	Freaoays'. AS 461, TransportatIon Re- 

ined. 	In operation. PRIFRE calculates the 	eaarch Board, Washington. D.C. • 19873, 

	

total travel time ecpendad older nnaI fran- 	pp. 3544. 

Operations and total tranal time expenoed 
under any number of different prIority opera- 
tion strategies, and monpures the Iwo. 	Any 

travel Vine difference Isanings a lossasl in 
noted In the final autput. Similarly, PRIFRE, 
also calculates total vehicle miles accunu-
leted snder normal and priorIty operations, 
end camperes the tao. A varIety of occupancy 
shIfts, number of priority lanes, model 
splIts. and ga.th  perIods can be Input to 
the program and results are calculated and 
compared.With ,,atual Intorfaclmg. PRIFRE 
can also be used to evaluate erong-.ay rener- 

'. 	sfbie lanes, separate bus roadeays, freeway 
design Improvement strategies, and ramp 
cotnrol schemes affording pr I' I tp eatry to 
hIgh-occopency nehicles. 
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Figure 9. Freeway model: FRE03CP, 	hEL: 	 FRE02CP 	NIJNR(R: 

DEVELOPED BY: 	 K. Ovoid, A.D. May, 	YEAR: 
	

aIgInaI: 	 1975 
R.F. Teal and J.K. Ray 

University at California 

MAINTAINED BY: 	University of California PROGRAM LANGUAGE. FORTRAN it 

PURPOSE: 	Cosign and operational Snobs- PROGRAM STRUCTURE: Modsier 
entry tion of 	freeway 	control 	Systems, 	with 

or oithout dOt priority treatment. 
MACNINE: C)C 6400 and IBM 360 

MoDELING APPROACH: 	Macroscopic, detarn,InIs- 
tic, 	ties scan, Optimization, 

CORE REQUIREMENTS: ISO K (Est,) 
DEGREE OF OCCLPIEI1TATION: 

Model Oeneleprvenv - 	 tes 
Progran Cescription - 	 tes EFFICIEICt: Unknonn 
User Manual - 	 tea - 

DEGREE OF VALIOATION: 	 LimIted 
GENERAL DESCRIPTION 

The FRE05CP model was developed to evaluate 
elternatlne priority entry control strategies 
for freeways and to select The best strategy 
for a given system. The model consIsts of a 
slloniation subnodel, FRE93, and an optlelza-
ylon subInodel, PREFO. The sinnllation sub.nod-
01 In a nacroscopic, deternlnlstic model gnat 
predicts frallic performance as a function of 
freeway design and demand 0-0 patterns, The 
optinlzotion submodel has a linear program-
sing formulation designed to deternlne the 
entry control strategy (metering rates and 
prim-It7 cot-off level)'thal maolnlzes an ob-
jective function such as passenger Input or 
niles of travel. The optimizatIon process Is 
constrained such that no freeway congestion 
will occur and the selected maturing rates 
will be althin reosonable units. 

REF Elf E IC E S 

iui K. Onalel, U.S. May, R.F. Teal and J.K. 
Ray, "SImulation of Freeway PriorIty 
Strategies 1FRE93CPIe, IrrE. Uniomisty 
of CalifornIa, Berkeley, Contract 001-
51-11-8083 for FHWA, 1975, 471 pages. 

(2) K. Oaalcl, A.D. May. R.F. Teal and J.K. 
Ray, 'Developing Freeway PrIority Entry 
Control Strategies-, 199 533, Transpor-
tation Research Board, WashIngton, D.C., 
1975, pp. 122-137. 

Figure 10. Freeway model: FREQ4CP IEL: 	 0 	 FRE04CP 

DEVELOPED By: 	A.S.Kvuger, A.D. May 4 Others 
Unininerslty of California 

Beth I ey 

.AulnTAINE: tt: 	University of California 
- 	 Barkiey 

pituTSE 	Develop Optlmol reap nettering 
Struta0y for a freeway. 

MoDELInG APPROACn: 	Macroscopic, determinis- 
tic, tine-scan. optimization 

DEGREE OF OOGuNEliTAT101i: 
Modal Devn:opmenv - 	 yes 
Patron Oescrition - 	 tes 
Eser Manual - 	 yes 

GENERAL DESCRIPTION 

YEAR: 	 Iginal: 1972 - 	Revised: 1976 

PROGRAM LANGUAGE: ANSI FORTRAN 

PROGRAM STRUC'TUPE: Structured 

MACHINE: CDC, 	IBM 

CORE RETU1REMElITS: 280 K 

EFFICIENCY: Kediun 

DEGREE OF VALIDATION: Field tested at 
be of locations 

REF ER E ICE S 
This version In the FREQ-serles eatends FREQ-
3CR to' include fuel consumption, vehicle 
emissions and demand response Impacts. Dur-
ing the Simulation the model estimates the 
amount of fuel consumed in the study ores and 
the amounts of effluents of IC, CO and NO 
The demand response sub-model estimates te 
shift of vehicles in space duo to notealng 
and estimates the change in model choice be 

on travel time Savings and an input 
elasticity alter optin,izatioo. 	in addition 
to the FREE3CP inputs, data on the geo.netrlcs 
andvehicle mio me reuqlred. Entanded out-
put include measures of effectiveness and 
plots of the added functions. 

(I) Kruger, A.J. and A.D. May, 'The AnalysIs 
and Evaluation of Selected Impacts of 
Trelflc Management Strategies on Free-
says,' ITS, University of California, 
Barkaly, October, 1976, 

0121 Feldman, N., R. Cooper and A.O. May, 
"Oaeelopment of PrIorIty Strategies on 
Freeways (FREQWCP) - Student Wm-kbook," 
ITS, University of California, Barkaly, 
March, 1977. 

have realized that the problems on arterials, 
central urban grids, and freeways interweave. As a 
result, they have begun to look to solutions that 
considered the entire system of arterials, freeways, 
and feeder streets comprising transportation cor-
ridors. These efforts have focused not only on in-
creasing freeway capacities and vehicle occupancies 
but also on fuller use of the existing capacity 
available on parallel facilities, as well as efforts 
to minimize the travel time and delay for the system 
as a whole. Efforts toward accomplishing this pur-
pose have included the same elements of treatment 
that were covered in the arterial, grid, and freeway 
model analysis: preferential treatment for high-oc- 

cupancy vehicles, priority entry, and improved sig-
nal timing. In addition, such elements as traffic 
diversion to parallel facilities and systemwide sur-
veillance have been studied. 

Most of the computer models available for de-
veloping and evaluating transportation corridor 
strategies are recent and are still in the process 
of development, testing, and refinement. Table 5 
summarizes those corridor models identified and 're-
viewed for the handbook project. 

While not a single model, the TRAF family of 
simulation models will be capable of transportation 
corridor analysis when completed. In addition, two 
models of the TRAF family, FREFLO (freeway flow) and 



Figure 11. Freeway model: FRE06CP. 

Table 5. Summary of transportation cor-
ridor models. 

9011EL: 	 FREQ6PL NuPeER: F-i 

DEVELOPED BY: 	T. Cuui.rs, 	A.D. Nay, 	St. 	al. tENi. 	 IgInmi: 1972 

Lnln0sity of California Renised 1978 

am- isa fey 
PROAM LANGUAGE AND I FOPTRAN 

MAINTAINED BY: 	University of California 
Berkeley 

PROGRAM S7TIJRE: Structured 

PURPOSE: 	Enaluata priority 	lanes 0 free- 

0yh. 
MACHINE: CX, 	1814 

MOOELI1IG APPRDACV: 	MaCrOSCOPiC, deternjflis- 
165 	Ii 

tic, 	time-scan. 	OptimizetiOls. COPE REQUIREMENTS: 

DEGRED OF DUMENTATION: 
Model Cenel000nent - 	 tan EFF1CIEICY: Lee 

Proorom Descr jot ion - 	 Yes 

User Manual 	- 	 Yes 
DEGREE OF VALIDATION: FIeld tested 

In CalifornIa 

GENERAL DESlPT134: 
REFEVEVCES: 

ThIs 	model 	combines 	the 	10nctlOfls 	of 	PRIFRE 

and FREQ5CP. 	it 	is used to eneluate piorlty (I) 	Cllllors. 	1., 	A.D. 	May 	and 	R. 	Cooper, 

lanesfor Doses and car pcois on a direction- 'FREQVPL - A Free.ey Priority Len. SImu- 
latine 	model," 	California Department of 

al 	freaeay 
	

with 	or 	.lthout 	entry 	ramp 	non- 

trol. 	The 	model 	estimates 	traffIc 	impaCtS, TransportatIon, 	Finel Report and VOiuOe 

fuel 	consumption. 	eoheuSt 	omissions 	and 	Ia- IT. Septenber. 	918. 

duty 	costs. 	SpecIal 	and 	model 	shIfts 	are 

included simIlar 	to FREQ6PE. 

Program 

Number None Data Application Modeling Approach Language Computer 

TT FRUQAPE 1978 DevelOp Optimal Meter- Mac., Den., 	is, opt. ANSI CX/IBI4 

Ing Strategy and Cm-- Fortran 

elder Analysis 

y iNTli.AS 1977 Ena. Free.ay 	Incidents 41c., 	Stoc.. 	TS, 	Si,,. Fortran IV IbM 370 

On Corridor Operations ________________ _______ CDC 7600 

'5 CZRIC ft75 Denelop Optimal Con- Mac., Get., 	1$, 	cot. Fortran IV CX 6403 

trols for Corridor 
r  Opaot ions  

1-4 COPI 1974 hna. Trolfid Control Mid., 	0.?., 	15, 	Sin. Fortran IV Unknoon 
Strategies aithin 
Corridor 

1-5 VP? 1974 anelu0tiO1l of Traffic fun., Stoc,, IS, SIm. Fortran if CX 7600 

Floe inFreoeey /4PAS5 

N0te0k ______ 
T-6 ilEw Tt7 na loan. Optimal Ramp Mac., Stoc., IS, 	Sim. Llnknoen Unis000n 

Control Strotegios  

YT STUn T7 Enaiaate Swnei I lance Mac., Oct., TS, 5:0. lOsknOofl Unknoon 
and Control Strategies 
for Route  

1-8 SCOT 1175 Eoaivatn TraffIc Con- Mic., 	Stoc.. 	TS, Sic. Fortran IV .X 660 

trolStrategies nithin IBM 370 

Corridor _________ UNIVAC 

1-9 FR1OP 1972 Oeneiop OptImal 	inter- Mac., Dot., is, opt. Fortran IV IBM 360 

Change ConfIguration _____________ /Asse.nbly  

1-10 UVF1 
- 
1970 Ecoluota Traffic Con- Mac,, Stoc., 	15. 	Sils. Unisnoen L,nksoan 

trol 	Strategies eithln 
Corridor  _________ 

OX 1911 Enaluatlols of Alterno- eec., Stoc,. TS, Sin. Unknoan Unknoes 

tine Diamond 	Inter- 
Change Coefigoretions 

1-12 
- 

TPJs1OSIM 1966 Ecaluetion of Traffic l4ic./MOC., Stoc./Oet. Fortran it IBM 1090, 

Performance in System ITS. 	Silt, 1 7094,1401 
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NETFLO (street NETwork FLOw) have been developed as 
the TRAFLO (TRAffic FLOw) model, which macro-
scopically simulates large transportation areas. 
Testing of this model is under way. 

A number of corridor models were developed at the 
University of California at Berkeley. Models such 
as PRIFRE, FREQ, CORQUIC, and TRANSYT6C were spe-
cifically developed to examine transportation system 
management type improvements. 	(See the paper by 
May in this proceedings.) 

Due to the relatively new status of the transpor-
tation corridor models and the limited space avail-
able in the handbook, it was decided not to include 
corridor models. Instead, potential users are re-
ferred to the University of California or to FHWA's 
Office of Research and Development. 

WHAT FHWA IS MAKING AVAILABLE 

FHWA is sponsoring and making available a variety of 
models. The Arterial Analysis Package (AAP) family 
of models includes SOAP, PASSER II, PASSER III, and 
TRANSYT. The 14AP is currently under development for 

the Traffic Systems Division of the Office of Re-
search and Development and will be made available 
when successfully completed. 

The TRAF family of models is still under develop-
ment. However, the NETSIM program is available from 
FHWA. TRAFLO is available for testing and experi-
mental use, but only under tightly restricted con-
ditions, and is not yet operational. 

The TRANSYT-7F and SIGOP III programs are under-
going extended pilot-city testing and will not be 
made available until after completion of the test-
ing. They are included in the handbook with the ex-
pectation that they will be available for use by the 
time the handbook is printed and distributed. 

The FREQ family of models is technically in the 
public domain. However, the University of Cali-
fornia charges a nominal fee for copying, which in-
cludes limited consultation on setup and use of the 
models. Since FHWA does not have the staff or ex-
pertise to do this for cities and states, it is 
recommended that copies be obtained from the Univer-
sity of California. 
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PROBLEM TO BE ADDRESSED 

Considering all these seemingly wonderful traffic 
simulation and optimization models and the long 
lists of users that FHWA, ITS, and the British 
Transportation and Road Research Laboratory can 
point to, the question is, Why arent computer 
models being used more widely in traffic engineering 
practice? This was the basic problem considered by 
FHWA as it was planning its implementation support 
efforts. 

The objectives of this implementation effort were 
quite simple: to improve safety, reduce delay and 
fuel consumption, reduce air pollution, and 
generally make traffic flow better. However, to ac-
complish these goals, real-world changes in the be-
havior of traffic engineers were needed. To get 
traffic engineers to use traffic simulation and 
optimization models, they would have to be made both 
easy and less expensive to use. The models would 
also have to be reliable and valid. Of course, the 
results produced by the models wouldhave to be use-
ful to the engineer in achieving traffic improve-
ments. 

The approach taken to establish the credibility 
of the models and their validity was through demon-
stration and testing. Making the models easier to 
use was the goal of the training course and the 
implementation support effort. Information dissemi-
nation was planned to get the results of these ef-
forts to engineers in order to convince them to use 
the models. These efforts were quite successful. 
As a result, many engineers are now using the NETSIM 
model but many problems and limitations were identi-
fied. FHWA research and development now has several 
short-term activities planned to make NETSIM easier 
and cheaper to use and several long-term concepts 
under discussion to address the input/output problem. 

DEMONSTRATION AND TESTING 

FHWA contracted with the states of Utah and Cali-
fornia to conduct real-world uses of the UTCS-1 
model (the predecessor to NETSIM) . These 'field uses 
identified limitations in the model that require 
several minor changes and one major change. The use 
of annotated coding forms was invented to overcome 
limitations in input of data. Several of the most 
successful applications of the ,  model involved 
identifying do-nothing alternatives as the most rea-
sonable alternatives. These efforts proved that the 
concept of applying traffic models to real-world 
traffic engineering problems could prove quite 
fruitful. A variety of desired enhancements was 
identified by Utah, California, and Michigan en-
gineers that are part of the current FHWA recoding 
of NETSIM. 

IMPLEMENTATION SUPPORT 

A major problem found in the demonstration and test-
ing and subsequent distribution of UTCS-1 and NETSIM 
codes to various users was the need for assistance 
to users in setup and use. of the model. As a re-
sult, severe demands are made on the time of several 

engineers who are supposed to be conducting research 
activities. The FHWA Office of Traffic Operations, 
which is normally responsible for such activities, 
will not be able to conduct them until its 
TRANSYT-7F project is completed. Therefore, a con-
tract effort for what might be typified as debug-
ging, problem-solving, and program maintenance has 
been conceived. This effort will last from one to 
three years and will assist users in bringing up 
NETSIM on their computers, understanding its data 
requirements, and answering the inevitable questions 
that arise. 

SHORT-TERM PLANS 

For the next year, FHWA will be concentrating on 
providing •basic user support through the support 
contract. We will also be arranging for the state 
of Michigan to make its forms display input program 
available for wider use by converting it to FORTRAN 
77 and transporting it to one or more new types of 
computers. IBM, CDC, and UNIVAC computers are the 
primary candidates. Next year a test and demonstra-
tion effort of the TRAFLO program will begin. This 
program consists of a macroscopic version of NETSIM 
and a macroscopic freeway model. Before this effort 
begins, it is hoped that Michigan will be able to 
test the prototype version of the program. 

FUTURE PLANS AND CONCEPTS 

For the long term, FHWA plans to get involved in 
graphics. There is now some movement toward stan-
dards in the graphics area. The Association for 
Computing Machinery and the IEEE have supported a 
core-graphics standard and the U.S. Army Corps of 
Engineers has created a public-domain portable 
graphics software package. 

Interactive input in a truly intelligent sense 
will require the creation of a very sophisticated 
input processor. FHWA hopes that the experienced 
gained with the Michigan forms display processor and 
the RPI graphics input system will provide the 
foundation for any easy-to-use input system. Such a 
system will allow the integration of simulation and 
optimization models. 

This integration will also provide an excellent 
training tool. It could revolutionize the process 
of educating traffic engineers by providing hands-on 
experience. How this should be done may be the 
topic of some future conference. 
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Models for Freeway Corridor Analysis 
ADOLF D. MAY 

This paper has two major themes: 	(a) to describe 
existing traffic simulation models and their appli-
cations in freeway corridor analysis and (b) to 
demonstrate the need for integration of research, 
education, and implementation activities as a key 
for the enhancement of simulation modeling prac-
tice. The overall objective of this paper is to 
provide a state-of-the-art document on freeway cor-
ridor models and to encourage researchers and prac-
titioners to work closer together in simulation 
modeling. The paper also includes an extensive bib-
liography, which is an attempt to include all pub-
lished papers that describe the development and ap-
plication of available freeway corridor models. 

FREEWAY CORRIDOR MODELS 

After a brief review of earlier models for freeway 
corridor analysis, five families of currently avail-
able models are described. Particular emphasis is 
given to the historical development of the models 
and to real-life applications. The five families of 
models are CORQ, FREQ, INTRAS, MACK, and SCOT. 

Early Models 

Hsu and Munjal provide a good starting point for 
this paper with their paper on freeway digital simu-
lation models (1). Their paper identified and re-
viewed 15 simulation models associated with various 
aspects of freeway vehicular traffic, and the models 
are compared against a baseline of eight desirable 
model features. Space here does not permit a des-
cription of these 15 models and the reader is re-
ferred to the Hsu-Munjal paper. The identified 
models were 

Arizona Transportation and Traffic Institute 
Traffic Simulation Model (2) 

Midwest Research Institute Freeway Simulation 
Model (3,4), 

Midwest Research Institute Mountainous Ter-
rain Model (5) 

Northwestern University Lane-Changing Model 
(6) 

Sinha Freeway Simulation Model (7,3), 
Connecticut Department of Transportation Ex-

pressway Simulation Model (9), 
Texas Transportation Institute Freeway Merg-

ing Model (10), 
System Development Corporation Diamond Inter-

change Model (11) 
System Development Corporation Freeway Simu-

lation Model (12) 
Mikhalkin Freeway Simulation Model (13), 
Georgia Model (15), 
SCOT Corridor Model (14,16-18), 
Priority Lane Model (19,20)1  
Aggregate Variable Models (21), and 
Aerospace Corporation Freeway Simulation 

Model (22). 

These earlier models in many cases were fore-
runners of later models described in the following 
sections. For example, Lieberman and Bullen used 
model 4 in the development of the INTRAS model, 
while model 12 was the early version in the SCOT 
model family. Model 13 was an early priority-lane 
version in the FREQ model family, and model 14 was  

the early version in the MACK model family. 

The CORQ-CORCON Model Family 

The CORQ model developed by Yagar during the period 
1969-1976 and the related CORCON model developed by 
Easa and Allen during the period 1971-1978 are the 
two models in this model family. In addition to 
their development, these models have been applied in 
Ottawa, San Francisco, and Toronto by the de-
velopers. An illustration of the chronological 
development of the CORQ-CORCON family of models is 
shown in Figure 1. 

Yagar began work on the CORQ model as part of his 
dissertation at the University of California (23) 
He incorporated dynamic traffic assignment and 
queuing in order to model the time-varying nature of 
peak demands (24). By 1972, the CORQ model was com-
pleted. Incorporated in it were a number of traf-
fic-specific factors such as the sharing of capacity 
at the merge of an on-ramp and freeway. In 1972-
1973, it was applied to the eastbound corridor 
serving Ottawa for the morning peak period (25) 
The most comprehensive description of the current 
CORQ model is contained in Yagar (26). Descriptions 
of the assignment procedure model summary (27,28) 
and some required theoretical modeling details have 
also been published. 

The CORQ model predicts flows and queues in a 
road corridor and combines the techniques of dynamic 
traffic assignment, emulation of queue spillback, 
ramp control strategies, combines iterative and in-
cremental assignment, and determination of mutually 
dependent capacities (29). 

The CORQ model was applied in two geographic 
areas and results have been published. A number of 
strategies for staggered work-hour programs were 
tested in selected corridors in San Francisco and 

Figure 1. Chronological development and application of CORO/CORCON 
model family. 
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Ottawa (30). The effects of these staggered work-
hour strategies were evaluated with the CORQ model, 
and potential savings in total travel time were pre-
dicted. The model was also applied to a portion of 
the Ottawa Queensway Corridor to predict the effects 
of some alternative traffic control schemes designed 
to relieve congested conditions (31). Strategies 
tested included off-ramp closures that had the 
greatest single effect on total network travel time. 

Turning to the second model in this family, the 
CORCON model, Easa began work on the model as part 
of his thesis at McMaster University (32). During 
the period 1976-1978, Easa and Allen added several 
modifications to the model and applied the modified 
version to a freeway corridor (33-38). 

The CORCON model is an analytical procedure for 
predicting traffic volumes, queuing conditions, and 
travel times in a freeway corridor. Traffic demand 
can vary over time and is assigned to a freeway and 
surrounding arterial street network. The minimum 
path algorithm can incorporate turn prohibitions. A 
major characteristic of the CORCON model is its 
link-node representation that simplifies network 
representation by allowing more than one directional 
roadway link to have common upstream and downstream 
nodes and automatically avoid illogical paths in the 
network. 

The CORCON model was applied to Queen Elizabeth 
Way freeway corridor in southwest Toronto in order 
to predict traffic operating characteristics in the 
corridor network before and after entry control. A 
significant data collection-reduction and model 
calibration-validation effort was undertaken. The 
diversion parameter and the origin-destination (O-D) 
demand patterns were calibrated for the after-con-
trol period, and the CORCON procedure was validated 
by comparing the predicted and the observed condi-
tions for the before control period. It was re-
ported that the CORCON model would soon be used to 
assess the impact of a proposed freeway control 
project on the Highway 401 bypass route in metropol-
itan Toronto (38). A more detailed discussion of 
the use of the CORCON model for evaluating TSM-type 
strategies has been published (39) . A 1980 report 
noted that a project was under way (1979-1981) to 
apply the CORCON model (and FREQ and FREFLO models) 
to problems in freeway corridor traffic management 
(40) 

The FREQ Model Family 

Demand-supply modeling efforts for freeway corridor 
operating environments were initiated in 1968 at the 
University of California when a California Depart-
ment of Transportation (Caltrans) research project 
required the evaluation of alternatives for improv-
ing 140 miles of the existing San Francisco Bay Area 
freeway system. The system was too extensive and 
the alternative improvements too numerous to con-
sider manual analysis. This first model called FREQ 
or FREQ1 was developed and was a forerunner of a 
family of models that now have reached a seventh-
level version (41). An illustration of the 
chronological development of the FREQ model family 
is shown in Figure 2. 

The FREQ2 and FREQ3 models were extensions and 
refinements of the earlier model, with particular 
attention being directed to shock-wave analysis, 
computer efficiency, and output format (42,43). The 
PRIFRE model was developed for tb' evaluation of 
priority lanes on freeways (44). 

By the early 1970s, the need for decision models, 
those that incorporated simulation and optimization 
submodels, was recognized. Three models in this 
family were developed (FREQ3CP, FREQ3D, and FREQ3C) 
and incorporated priority entry control, design im- 

provement, and normal entry control Optimization 
submodels, respectively (45-47). An on-line version 
of the FREQ3C model was developed and called the 
FRESCOT model (48). One of the significant results 
of this work was the development of a technique for 
generating synthetic O-D tables from on-ramp and 
off-ramp counts. 

As the modeling effort continued, greater atten-
tion was given to the surrounding street system 
(CORQ1C model) (49), impact assessment (FREQ4CP 
model) (50), and traveler demand responses (FREQ5CP 
and FREQ6T models) (51,52). The most recently de-
veloped FREQ models in use today are the FREQ6PE and 
FREQ6PL models (52,53). The FREQ7PE model is under-
going final testing and is planned for distribution 
in 1981 (54) 

The FREQ6PE model is a macroscopic decision model 
of a freeway corridor and is used primarily for the 
evaluation of priority entry and normal entry con-
trol on a directional freeway (52). The model can 
also be used for evaluating design improvements with 
or without freeway entry control. The model pre-
dicts a time stream of impacts and traveler re-
sponses due to the interaction between ramp control 
strategy and traveler responses. The impact assess-
ment includes travel time, fuel, emissions, and 
noise; demand forecasting includes spatial and modal 
traveler responses in increments during the first 
year of operation. 

The FREQ6PL model is a macroscopic model of a 
freeway corridor and used primarily for the evalua-
tion of reserving lane(s) on freeways for carpools 
and/or buses (53). The model can also be used for 
evaluating design improvements with or without pri-
ority operation. The user selects the priority 
lane(s), design configuration, priority cut-off 
level, and time duration of priority operations. 
The model automatically modifies the demand and sup- 
ply sides of the model and predicts a time stream of 
impacts and traveler responses. The impact assess-
ment includes travel time, fuel, emissions, and 
facility costs; demand forecasting also includes 
spatial and modal traveler responses in increments 
during the first year of operation. 

Figure 2. Chronological development and applications of FREQ model family. 
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Table 1. Selected examples of FREQ model applications. 

Year 
Principal 
Investigator Description Site 

FREQ 
Model Description 

Ref. 
No. 

1970 Allen University of California Oakland Bay Bridge 3 Evaluate design and control alternatives 55 

1971 Aidoo University of California 1-80, Berkeley 3 Evaluate design and control alternatives 56 

1972 Capelle Voorhees 1-90, Cleveland PRIFRE Determine feasibility of prionty lanes 57 

1976 Gabard French government Nord RTE, Paris 3C Evaluation of access control 58 

1978 Ritch Texas A&M 1-10, Houston 3CP Projected future operations improvements 59 

1978 English Texas Department of Transportation US59, Houston 3CP Compared operations and design improvements 60 

1979 Schneider University of Washington 1-80, Berkeley GRAF Developed graphical output 61 

1980 Michalopoulos University of Minnesota 1-394, Minneapolis 6PE/6PL Design and control strategy evaluation 62 

1980 Immers Delft University A-12, Hague 4CP Measured impacts of design and operations 63 

1980 White New Zealand government North Freeway, Auckland 3CP Develop and evaluate ramp control plan 64 

1980 Anderson CALTRANS 1-10, Los Angeles 6PE Estimated metering impacts on city streets 65 

1981 Torres JFT Associates RTE II, Los Angeles 6PE/6PL Evaluated fuel conservation stretegies 69 

1981 Meyer Colorado Department of Transportation 1-25, Denver 6PE Analysis of optimized metering and geometrics 66 

1981 Howard Bartholomew 1-95, Miami 6PE/6PL Evaluated feasibility of TSM techniques 67 

1981 Deakin Lockner 1-95, Miami 6PE Determined feasibility of ramp metering 67 

1981 Berg Parsons 1-5, Seattle 6PE Evaluation of TSM-type strategies 68 

1981 O'Neill Washington Department of Transports- 1-495, Seattle 6PE/6PL Priority lane evaluation 68 

tion 

Figure 3. Chronological development and applications of INTRAS model. 
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The FREQ models have been applied by a number of 
investigatorg analyzing freeway corridor traffic. 
Time and space limitations permit only the presenta-
tion of a sample of model applications and then only 
a brief description of highlights of selected appli-
cations. These applications are identified and des-
cribed in Table 1. 

The INTRAS Model 

The INTRAS model is a stochastic, microscopic model 
especially developed for studying freeway inci-
dents. INTRAS stands for INtegrated TRAffic Simula-

tion and is a vehicle-specific time-stepping simula-
tion designed to realistically represent traffic and 
traffic control in a freeway and surrounding surface 
street environment. The model development and/or 
applications have occurred in at least four organi-
zations since work began in 1975. An illustration 
of the chronological development and application of 
the INTRAS model is shown in Figure 3 and the fol-
lowing description is keyed to this illustration. 

A program of major emphasis was undertaken by 
FHWA that included the design, programming, calibra-
tion, validation, and demonstration of a computer 
simulation model for the evaluation of incident de-
tection strategies. The project had six major tasks 
and included the adaptation of the UTCS-1 network 
simulation model for freeway applications, valida-
tion of candidate components, programming the simu-
lation model, validation and refinement of the simu-
lation model, validation of incident detection al-
gorithms, and application of the simulation model. 

Four interim reports were prepared (70-73). At 

the end of the project in mid-1977, a final report 
in four volumes was submitted to FHWA (74-77). The 
four volumes dealt with program design, parameter 
calibration and freeway dynamics component develop-
ment (74) ; users manual (75); validation and appli-
cation (76); and program documentation (fl). 

Two parallel activities have been undertaken 
since 1977 with the INTRAS model. FHWA staff have 
been reviewing the submitted project reports and 
have undertaken a series of investigations with the 
INTRAS model in anticipation that it will be re-
leased soon to operating agencies. The other 
activity is one undertaken by the ORINCON Corpora-
tion in which both the INTRAS and MACK models were 
used to evaluate freeway ramp control strategies 
under incident situations. 

The ORINCON study for FHWA was undertaken during 
1978-1980 and KLD Associates was the subcontractor 
responsible for production runs with the INTRAS 
model. ORINCON Corporation prepared an initial re-
port (78) that compared the INTRAS and MACK models 
and then a final report (79) that described the 
project including the use of the INTRAS model. 

The MACK Model Family 

The MACK model and its later versions are deter-
ministic, macroscopic models that basically consist 
of a set of conservation equations and a correspond-
ing set of dynamic speed-density equations. Payne 
and associates began work in the late 1960s and 
models in this family include MACK I, MACK II, MACK 
III, FREFLO, and TRAFLO. The model development 
and/or application have occurred in at least 10 or-
ganizations. An illustration of the chronological 
development and application of the MACK model family 
is shown in Figure 4 and the following description 
is keyed to this illustration. 

The MACK I model was developed at the University 
of Southern California and applied to the Hollywood 
Freeway in Los Angeles for evaluation of ramp con-
trol under incident and recurring congestion condi-
tions (80-85) . Detailed instructions for its use 
and an iridication of its capabilities were well 

documented (86). 
The MACK II model was developed at ORINCON and 

was compared with the INTRAS model (87,88). A new 
equilibrium speed-density relationship and a struc-
tural change in the dynamic-speed relationship that 
involved the parameters were introduced. The MACK 
II and INTRAS models were applied to a segment of 
the Shirley Highway with incident-free and incident 
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Figure 4. Chronological development and applications of MACK model family. 
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scenarios. The authors recommended that MACK II be 
adopted for the purpose of making preliminary 
evaluations of control strategies for responding to 
incidents based on the qualitative agreement between 
MACK II and INTRAS results and the 100-fold cost 
factor between execution of the MACK and INTRAS 
models. 

The FREFLO model was developed by Payne at ESSCOR 
and was a successor to the MACK II model. The 
FREFLO model was designed to provide a basic model, 
perform input data diagnostics, represent incidents, 
model on-ramps, control time of day, represent sur-
veillance, represent two traffic-responsive metering 
schemes, provide standard measures of travel and 
travel time, include fuel consumption, and include 
pollution emissions (93). A user's guide and pro-
gram documentation were prepared (90). The last 
published paper by Payne about the FREFLO model was 
a review of the model with particular attention 
given to critical modeling issues that significantly 
affect the functioning of the model or that are 
otherwise of interest and have yet to be explored 
(94). Further investigation was proposed and in-
cluded the form of the continuum model, parameter 
values for v and T, explanation of roll waves, con-
gestion phenomena, modeling of merge areas, and 
equilibrium speed-density relationships. 

A continuation of an earlier NCHRP project, en-
titled Guidelines for Design and Operation of Ramp 
Control Systems, was initiated in 1977 and a final 
report draft was prepared in January 1980 (96) . The 
major objective of the study was to prepare specific 
guidelines for determining the feasibility of ramp 
control and, if feasible, to identify which mode of 
ramp control is appropriate: pretimed, local actu-
ated, or system. The initial research plan called 
for the determination of the incremented benefits of 
the various control models from successive field 
trials of each mode at selected freeway sites. 
After due consideration, it was determined that the 
use of a freeway simulation model provided the best 
research approach. The FREFLO model was selected  

and 153 simulation runs were used. Numerous techni-
cal memoranda were prepared and include plans for 
simulation runs (89) , MACK acceptance tests (91), 
FREFLO acceptance tests (92), and FREFLO baseline 
scenarios (95). 

Koble continued the work of Payne at ORINCON in 
using the MACK model (unofficially called MACK III) 
and the INTRAS model to evaluate freeway ramp con-
trol strategies under incident situations. The 
project was Sponsored by FHWA and began in early 
1978; a final report was submitted in April 1980 
(98). The MACK III model was modified to handle in-
cidents and simulate a variety of ramp control 
strategies. Several hundred simulation runs were 
made and the MACK III model was the key analytical 
tool employed along with the INTRAS model. 

Hauer and Hurdle of the University of Toronto 
were selected as discussors of Payne's paper on the 
FREFLO model and their discussion and the author's 
closure were published at the end of the paper 
(93). The discussors applied the FREFLO model to a 
simple-freeway example with no ramps and a bottle-
neck in the middle. They hypothesized expected 
traffic results. Computer outputs did not provide 
anticipated results. Hauer and Hurdle pointed out 
the difficulties encountered and speculated about 
possible explanations. Payne, in his closure, re-
viewed the previous successful uses of FREFLO and 
stressed the importance of selecting appropriate 
mode],- parameters. Particular attention was drawn to 
the nominal capacity parameters and their relation-
ship to the traditional concept of roadway capacity. 

Lieberman and Andrews described the TRAFLO model, 
which is a software system, programmed in FORTRAN, 
and which consists of five component models that in-
terface with one another to form an integrated sys-
tem (97). The freeway traffic simulation model in-
cluded in TRAFLO is an extension and refinement of 
the earlier MACK model. In addition to the refine-
ments to the FREFLO model described earlier, another 
extension allows buses, carpools, automobiles, and 
trucks to be distinguishable as three vehicle 
types. As of 1980, the TRAFLO program had been com-
pleted and was undergoing in-house testing by FHWA 
personnel. 

The Institute of Transportation Studies, under 
sponsorship of the Caltrans with the cooperation of 
FHWA, began an on-line freeway entry control re-
search project in late 1979. The project consists 
of two phases. In phase I, selected control strate-
gies are to be evaluated through the use of a free-
way simulation model applied to a specific site. In 
phase II, the most promising control strategies are 
to be evaluated in the field-at the specific site. 
The first working paper was directed toward the se-
lection of .site, model, and candidate strategies 
(99). The FREFLO model was selected for use in this 
project because of the dynamic nature of the model 
and the anticipated short control intervals. The 
FREFLO model has been modified to simulate more 
realistically congested flow conditions, to enhance 
user ease in interpreting model outputs, and to per-
mit the evaluation of fixed-time, locl-responsive, 
system-responsive control, and other control strate-
gies. A phase I report is expected in 1981. 

Derzko, Ugge, and Case prepared an informal paper 
in which they reported the evaluation of two dynamic 
freeway flow models by using field data from the 
Queen Elizabeth Way in Ontario, Canada (100). The 
MACK II model and one of Phillips kinetic models 
were the two dynamic models evaluated. The prelimi-
nary results of their investigation indicated the 
models both exhibited instabilities in their be-
havior and did not track their real road data cor-
rectly. 

Work with the FREFLO model continues on at least 
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Figure 5. Chronological development and applications of SCOT model family. 
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three fronts. The FREFLO model will continue to be 
an integral part of the TRAFLO model system. The 
Institute of Transportation Studies continues its 
freeway entry control project and is using a model 
based on the FREFLO model. And finally, Payne at 
VERAC is currently under contract to FHWA to cali-
brate, validate, and refine as necessary the FREFLO 
model. 

The SCOT Model Family 

For purposes of this paper, the DAFT, SCOT, SCOT-Q, 
and DIVSIM models are classified as members of the 
SCOT family of models. Work began in this modeling 
effort in the late 1960s and continues today. The 
initial work on this family of models was undertaken 
by Lieberman and associates at KLD. Researchers at 
Sperry also worked on this family of models and re-
cently integrated the more advanced SCOT-Q model in-
to their DIVSIM model. The following highlights the 
development and applications of this family of 
models (see Figure 5). 

The DAFT model was the first model developed in 
this family and is a macroscopic simulation of traf-
fic along a network of freeways, ramps, and ar-
teries. Lieberman developed this model and first 
applied it to a portion of the Central Expressway 
north of Dallas (101). In the model the vehicles 
are grouped into platoons and move along the freeway 
according to a specified speed-density relation. 
Along the nonfreeway links, the platoons travel at 
specified free-flow speed and are delayed at the 
downstream end of links based on g/c ratios and ap-
proach volumes. Input data include O-D demands that 
may vary with time. The model includes a minimum 
travel cost algorithm and hence produces a dynamic 
assignment of traffic as a by-product of the simula-
tion. 

Lieberman and associates then created the SCOT 
model, which represented an evolutionary development 
based on combining the freeway portion of the pre-
viously described DAFT model and the UTCS-1 model 
for urban street networks (103,104). While the 
freeway traffic is modeled macroscopically in es-
sentially the same manner as the DAFT model, the ur-
ban street network is modeled microscopically in es-
sentially the same manner as the UTCS-1 model. A 
key design element of the SCOT model is the inter- 

face features between the macroscopic and micro-
scopic characteristics of the two submodels. The 
traffic demands may be entered into the model either 
in the form of turning movements at each node or O-D 
volumes. The model was developed as a means of 
testing real-time control policies for an entire 
corridor: freeway ramps, frontage roads, and ad-
joining feeder and parallel arterials. 

During 1973-1976, two parallel efforts were 
undertaken that involved the SCOT model. The first 
of these two efforts was undertaken by KLD and was 
directed toward developing user and program documen-
tation manuals for the SCOT model. The other effort 
was undertaken by the Transportation Systems Center 
(TSC) and was directed toward the application and 
evaluation of the SCOT model. KLD, under contract 
to TSC, prepared a plan for data acquisition, data 
reduction, model calibration, and model validation 
(105). This was followed by the preparation of user 
and program documentation manuals (108,113). 

TSC applied the SCOT model to the central busi-
ness district of Minneapolis (109) and to a 1.2-mile 
test network of the Dallas North Central Expressway 
(110). In the Minneapolis application, the SCOT 
model was used to predict the effect on bus service 
and general traffic performance of implementing 
candidate bus priority strategies. The SCOT model 
was calibrated to current peak-hour traffic condi-
tions within an urban street grid representative of 
the central business district of Minneapolis. In 
the Dallas North Central Expressway study, the SCOT 
model was calibrated and validated. Tests showed no 
significant differences between field and simulation 
results for the basic parameters of traffic speed, 
flow, and saturation. A demonstration of the O-D 
traffic assignment capability of the model indicated 
that the minimum time-path criteria used have not 
been conclusively shown to be the correct criteria 
for traffic assignment. 

Sometime in 1976, a new effort was directed to-
ward the development of the SCOT-Q model. The 
initial work on SCOT-Q was undertaken by KLD, which 
essentially adopted the SDC approach to the NETSIM 
portion of the SCOT model (120). A larger time-step 
was employed and, with some simplifying assumptions, 
the SCOT-Q model had a faster running time than the 
SCOT model for simulation. The SCOT-Q model was 
used by Sperry to aid in assessing the feasibility 
of an Integrated Motorist Information System (IMIS) 
for the Northern Long Island (N.Y.) corridor. Phase 
I (feasibility) of this FHWA-sponsored project, en-
titled Integrated Motorist Information System Feasi-
bility and Design Study, was completed in 1977 
(114). A series of more than 130 computer runs was 
made, and the SCOT-Q model reduced running time by 
50 percent compared with the SCOT model. 

In phase II, Sperry developed a generalized IMIS 
feasibility methodology and, to validate the meth-
odology, applied an enlarged version of the SCOT to 
a freeway corridor just east of downtown Los Angeles 
(118) . The simulation was calibrated to the test 
corridor by using special data collected for that 
purpose. The enlarged SCOT model was used to test 
three scenarios: recurrent congestion situation 
without control, incident situation without control, 
and controlled response to minimize major congestion. 

Phase III is planned to result in the final de-
sign for IMIS in the Northern Long Island Corridor. 

In a parallel effort, Sperry researchers worked 
on a FHWA-sponsored project concerned with the 
development of traffic logic for freeway corridor 
control (116,119) . This effort included development 
of DIVSIM, a corridor optimization program embedded 
in the SCOT simulation. The optimization portion of 
this program was termed DIVERT and is intended as 
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Figure 6. Educational and implementation activities with freeway corridor 
models. 
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the real-time version of the DIVSIM corridor optimi-
zation algorithm. 

In a parallel effort, researchers at Sperry began 
work on another family of models in the early 1970s 
when they developed a simulation model of a system 
that balances vehicular flow between two parallel 
routes through the use of real-time surveillance and 
variable signing control (102). The model was a hy-
drodynamic macroscopic model, employed shock-wave 
analysis, and was designed considering the type of 
roadway and signing in use on the New Jersey Turn-
pike. 

Sperry researchers continued the development of 
this model on a FHWA-sponsored project, entitled 
Diversion of Intercity Traffic at a Single Point, 
with application to the Harbor Tunnel Thruway and 
1-695 Bypass Route in Baltimore. A final report 
(106), 	simulation model description 	(107) , and 
several technical papers (111,112) resulted from 
this effort. The simulation model was named the 
STAR model and provided a multiple roadway -freeway 
simulation capability. It essentially consisted of 
two major components: a hydrodynamic traffic flow 
model and a traffic diversion model. The resulting 
optimized policies have been incorporated into the 
design for a practical real-time alternate routing 
system applicable to the Baltimore site. 

THE NEW FRONTIER--MODEL APPLICATIONS 

Greater use of existing simulation models and the 
relevant development of future simulation models re-
quire a major educational and implementation support 
effort today. The developers of simulation models 
have an important role to play, in fact a major re-
sponsibility for such activities. As Lieberman has 
pointed Out, 'While the development of simulation 
models can hardly be considered an activity which 
has reached its full potential, we are nevertheless 

making a transition from a period of intensive model 
development to one of intensive application' (121) 
This section describes the educational and implemen-
tation support effort undertaken in regard to the 
FREQ family of models. The purpose is to demon-
strate the need for such efforts and to encourage 
others to become involved with similar efforts with 
this and other freeway corridor models. Such educa-
tional and implementation activities are shown in 
Figure 6. 

Limited educational and implementation support 
activities with the FREQ model were undertaken be-
fore 1975. The model had been applied by the de-
velopers and had been used by a consultant in one 
research effort concerned with establishing guide-
lines for priority lanes on freeways. Almost all 
effort was devoted to extending and refining the 
model, and there was little interest shown by others 
in using the model. 

By 1975, the FREQ3CP model had been developed 
with sponsorship from FHWA. At the same time, there 
was a growing awareness to encourage travel by car-
pool and bus by preferential treatment on highway 
facilities. Because of this awareness, the model's 
capabilities, and the recognition for training, FHWA 
sponsored the development of a FREQ3CP instructor 
and student workbook (122), the conduct of five 
workshops, and the distribution of computer program 
and sample input-output listings. 

The FREQ3CP model became a part of the FHWA's 
BACKPAC computer program system and, while formal 
implementation support for the model was not avail-
able, these workshops stimulated extensive model use 
in several cities including Houston, Minneapolis, 
Boston, and Denver. In late 1976, the FREQ4CP pro-
gram became available and a new workbook was pre-
pared (123) 

The FREQ model developers and Caltrans recognized 
a need for implementation support beyond the work-
shop and entered into an agreement, in which Caltrans 
professionals could continuously seek advice and as-
sistance from the FREQ developers. The implementa-
tion support activities began in 1977 and have been 
in continuous operation since that time. Assistance 
includes a wide variety of activities such as 

Placing FREQ model on Caltrans computer fa-
cilities and continuous update for use from district 
terminals; 

Phone conversations to advise on preparation 
of input data, problems with unsuccessful runs, and 
interpretation of output results; 

Review of input data sets and output results, 
initially through mail and now on-line through a 
terminal facility at the university; 

Field visits to district offices for personal 
discussion with model users and brief presentations 
of current status of models; 

Preparation of additional documentation for 
model users as users deem necessary; 

Individual or team instruction at the univer-
sity for model users on critically timed projects; 

Formal workshops on basic theories incorpo-
rated in model and also on model usage; and 

Extension and refinement of model due to user 
need and feedback. 

By the beginning of 1979, the model had been ap-
plied in selected districts of the Marysville, San 
Francisco, Los Angeles, and San Diego areas. 

In late 1978, the FREQ6PE and FREQ6PL models be-
came available and, because they included many sig-
nificant improvements over earlier versions, a 
series of workshops was proposed. The implementa-
tion activities continued with Caltrans with the 
FREQ6PE and FREQ6PL models replacing the FREQ4CP 
model. 
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cludes 	responses 	to 	frequently 	asked 	questions, 16. D. Wicks. 	Traffic Flow Simulation Study: 	The 
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In summary, attention has been drawn to the need 18. E. Lieberman. 	Dynamic 	Analysis 	of 	Freeway 
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Enhanced NETSIM Program 
E. Lieberman 

The NETSIM traffic simulation model (1) has been 
applied extensively over the past seven years to a 
wide variety of problem areas by a large number of 
public and private agencies. The experience gained 
with NETSIM has prompted many suggestions for im-
proving and extending the program with the view to 
further enhancing its value as an engineering and 
research tool. 

In an informal survey conducted by KLD Associates 
a few years ago, the following suggestions were made: 

The input preparation effort should be eased, 
The cost of computing should be reduced, 
Many additional features should be introduced, 

and 
The output capabilities should be extended. 

Interestingly, the last two suggestions conflict 
with the first two. Whenever additional features 
are introduced, some added input requirements are 
usually implied. Furthermore, any additional fea-
ture leads to the development of additional software 
that, in turn, occupies computer memory and consumes  

computer resources. Similarly, enhanced output 
capabilities imply the need to compute and to store 
additional data; writing output is also costly in 
computer time. Such conflicting user requests 
impose a burden on the designer to be responsive in 
the most cost-effective manner. 

This paper describes the enhancements incorpo-
rated into the new version of NETSIM. This version 
constitutes the result of the first development 
stage of the Integrated Traffic Simulation Software 
System known as TRAF. 

The techniques that have been applied to produce 
a cost-effective, enhanced version of NETSIM will 
also be described. 

NETSIM ENHANCEMENTS 

Specific NETSIM enhancements are described briefly 
here. 

Blockers and Parkers 

Blockers are defined as illegal parkers who occupy a 
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portion of a lane dedicated to moving traffic. Such 
violators may be either short-term (less than 1 mm) 
or long-term, and generally represent pickup or 
delivery (PUD) activities. Blockers exact a toll on 
the traffic stream in the form of increased travel 
time, reduced capacity, or both. 

Unlike the previous versions of NETSIM, this 
enhancement explicitly models the interaction be-
tween moving vehicles and blockers. In addition, 
the impedance experienced by vehicles while attempt-
ing to evade such blockers through the mechanism of 
lane changing is also modeled. The concept of a 
"preferred lane" was introduced, which provided a 
basis for vehicles to return to a blocked lane 
downstream of a blocker. 

Parkers are also treated as impeders, but are 
restricted to parking zones of specified location 
and length along the curb 	The duration and loca- 
tion of parkers and of blockers are assigned by the 
program by using data specified by the user. 

Look-Ahead Feature 

When the first vehicle in a lane approaches an 
intersection to execute a through movement, it now 
responds in a car-following mode to its lead vehi-
cle, which is on the receiving link. In the pre-
vious version, the subject vehicle did not 'see" its 
leader if the leader was on the receiving link. 
Consequently, it was possible for the subject vehi-
cle to "collide' with its leader if the latter was 
at the tail of a long queue. 

Overflowing Turn Pockets 

During periods of heavy demand, turn bays (or 
"pockets") of inadequate length could overflow, thus 
blocking the adjoining through lane. In previous 
versions, this overflow condition was not repre-
sented. The current version explicitly models this 
condition. 

Bus Stops and Pockets 

When a bus stop is created in the parking lane (by 
prohibiting parking there) or is created by a bay 
cut into the curb, it is called "protected". That 
is, a bus in dwell at a protected station will not 
block vehicles in a moving traffic stream. 

Often, such protected nearside stations, when 
empty, are used by right-turning vehicles as a turn 
pocket. Ignoring such usage can have a pronounced 
effect on the validity of the simulation results. 
The new version of NETSIM incorporates logic that 
represents this behavior. 

Dual Turns 

When traffic on the "leg" of a T-intersection can 
execute both right and left turns, it is necessary 
to assign this turning traffic to appropriate 
lanes. If this "leg" approach has more than two 
lanes, it is necessary to assign traffic to the 
center lane in an appropriate, consistent manner. 
Additional logic was introduced to improve this 
feature relative to prior versions of the model. 

Lane Alignment 

Occasionally, the number of lanes on a link will 
differ from that on the downstream receiving link. 
Even when the number of lanes is the same, it is 
possible for one link to be offset relative to its 
receiving link. To account for such cases, a new 
feature was introduced to allow the user to specify 
the lane alignment between subject link and its 
receiving link. 

Improve Efficiency 

In previous versions of NETSIM, vehicles on entry 
links are treated the same way as vehicles on inter-
nal links. while there is no functional problem 
with this approach, it is more costly in computer 
resources--storage and time--than is necessary. 
Since no statistics are gathered on vehicles occupy-
ing entry links, it is permissible to limit the 
number of vehicles actually stored to those at the 
stop line. This approach is now incorporated into 
NETSIM. 

Extended Range of Program 

The new version permits up to 12 signal intervals to 
be specified instead of the previous maximum of nine 
intervals. Also, turn pockets may have two lanes 
instead of the previous limitation of one. 	(Each 
link may have seven lanes including those within 
turn pockets, compared with five lanes previously.) 

A new feature has been introduced that permits 
the user to specify up to 16 vehicle types assigned 
to four categories. Each vehicle type is defined in 
terms of its length and acceleration, speed and 
discharge headway properties, and the categories to 
which it is assigned. This information allows the 
categorization of vehicle types as indicated in the 
following table: 

Category 
Vehicle Private Car- Total 

Type Automobile pool Bus Truck (%) 

1 60 40 0 0 100 

2 10 30 10 50 100 

3 0 0 100 0 100 

In the above table, for example, 10 percent of 
the vehicles of type 2 appear on the analysis net-
work as private automobiles, 30 percent as carpools, 
10 percent as buses, and 50 percent as trucks. The 
percentage of the vehicle fleet that is. composed of 
type 2 vehicles--not shown in the table--is speci-
fied by the user. 

The vehicle category concept permits the user to 
specify different treatments for each category, 
e.g., special lanes. Other treatments can be added 
in the future as the need arises. A new treatment 
is the addition of carpool lanes and lanes for 
carpool vehicles and buses. 

Extended Input-Output Capabilities 

With the onset of the metrication program, it became 
advisable to provide the user with the capability of 
specifying input data in either customary or metric 
units, and of obtaining outut data expressed in 
either or both units. This feature is now available. 

Outputs are also provided in person-specific 
units, based on user-specified occupancy for each 
vehicle type. This feature permits the user to 
examine the people throughput and travel time for 
different high-occupancy-vehicle strategies. 

The operational performance of traffic on a 
roadway segment (i.e., link) is a function of the 
turning movements at the intersection. It is well 
known that different turning movements are serviced 
at different rates. Consequently, vehicles perform-
ing one maneuver may experience significantly 
greater delay than those performing another maneu-
ver. In fact, it is entirely feasible for the 
vehicles executing a left turn, for example, to 
experience severe congested conditions, while those 
moving straight through the intersection experience 
little delay. 

The prior versions of NETSIM did not provide the 
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data necessary to obtain this level of detail and 
insight into the operational conditions. The new 
version does output measures of effectiveness (MOE) 
for each link that is stratified by movement if so 
requested. 

Another new output feature permits the user to 
aggregate specified contiguous links for the purpose 
of obtaining statistics for that group of links. 
This is very useful for those, who wish to examine 
how small sections within a larger network are 
operating. 

A limitation on the placement of long loop detec-
tors was removed. 

Other features were also introduced. The number 
of lanes on a link was increased from five to seven 
and additional flexibility provided for the fuel 
consumption and vehicle emission feature. Inter-
nally, the treatment of queued vehicles was greatly 
improved, providing smooth vehicle trajectories 
regardless of queue length. 

MODIFICATIONS TO EASE USER ACCESS AND MINIMIZE COST 

Input Format 

The input stream is designed as a collection of card 
types; each card type contains data that are func- 
tionally coherent. For example, data describing 
geometric characters are organized on separate cards 
from data describing traffic flow characteristics. 
Furthermore, data required for optional features 
(e.g., bus traffic, detectors, and vehicle types) 
are assigned to special card types that may be 
omitted if the feature is not used. As before, all 
input data items are specified as integers. With a 
few exceptions, all field widths are set to four 
columns, or digit positions, to promote a uniform 
format. 

The input-processing software contains a wide 
range of diagnostic tests that are far greater in 
number than those of prior versions. It is our view 
that this extensive investment in software develop-
ment is amply justified by subsequent savings in 
user resources. These tests are applied to the 
entire input data stream regardless of the number of 
user input errors detected. Each such error pro-
duces a diagnostic message that provides sufficient 
information to identify the source and cause of the 
error. 

In addition, warning messages alert the user to 
examine input data that the logic determines to be 
suspect in some sense but that may be perfectly 
valid. For example, unusual network topologies are 
'flagged by the software to prompt the user to con-
firm the validity of the relevant inputs. Of 
course, any fatal error detected by the software 
will terminate execution prior to any simulation 
processing. 

Throughout the input stream, default values are 
provided by the software whenever feasible. While, 
this feature relieves the user of significant effort 
in data preparation, the user should be cautioned to 
confirm that these default data items will not 
compromise the integrity of the study. 

In our view, the best long-term solutions to 
minimizing user effort, in addition to the features 
noted above, are a file management system and auto-
mated data entry. 

A file management system would consist of soft-
ware that would enable the user to manipulate exist-
ing, stored input data bases so as to conduct a 
series of studies, with a minimum expenditure of 
time and effort. Ideally, this would be accom-
plished on-line by using a CRT terminal; an off-line 
system would also be cost-effective but to a lesser 
extent. It would work as follows: 

The user will inpuj the data stream for the 
base case. The file management software will store 
this data stream. 

The program will perform its diagnostic tests 
and identify any and all errors. 

The user will 'then correct these errors by 
modifying the input data stream appropriately, 
employing the file management software. 

Steps 2 and 3 will be repeated until a satis-
factory data stream is acceptable to NETSIM. The 
file management software will then store this cor-
rect data stream, properly identified for subsequent 
retrieval. 

For all subsequent' runs, the user will re-
trieve a data stream, implement necessary changes, 
and continue with step 2. 

The user could purge any data stream at any 
time to reduce storage costs, subject to satisfying 
security measures designed to protect the stored 
files. 

Automated data entry, such as the system in-
stalled by the Michigan Department of Transporta-
tion, will greatly ease the task of input data 
coding. This software could be integrated with the 
existing NETSIM software that performs card-specific 
diagnostic testing so that coding errors could be 
detected immediately, before the data are stored. 

By integrating the automated data entry, diagnos-
tic testing, and file management software into a 
separate preprocessing system, distinct from the 
main body of the NETSIM model, the appeal of NETSIM 
as an engineering tool will be greatly enhanced. 
The cost of program implementation will be greatly 
reduced, the input coding activity can be assigned 
to subprofessional personnel, and the elapsed (turn-
around) time between data entry and receipt of the 
simulation results will narrow. 

Minimize Computer Resources 

The user is charged for a wide variety of computer 
resources, the most prominent being storage and 
time. The TRAF system has been designed to provide 
the user community with versions of the NETSIM (and 
other) models that are tailored to user needs: 

I. The features required by the user will be 
provided; all others, not used, will not be included 
in the program. This capability will limit the 
computer memory required. 

2. The size of the internal data base will be 
limited to that which is required by the user. 
Different versions of NETSIM will be available so 
that users can select the version that is most 
suitable for the size of the network to be studied. 

Other modifications were designed to minimize 
input-output activity. Specifically, calculation of 
energy consumption and of vehicle emission for 
different vehicle fleet compositions may be accom-
plished with only a single execution of the simula-
tion program. Also, the calculation of these envi-
ronmental measures is accomplished without the need 
for spooling trajectory data to and from disk stor-
age, as was done previously. 

Reliability and Flexibility 

The software maintenance function is an ongoing 
activity that must be responsive to the needs of the 
user community. This activity must provide for (a) 
reliable software (corrective maintenance) and (b) 
need for new or modified capabilities (constructive 
maintenance). 

The new version of NETSIM has been designed and 
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programmed by using the latest techniques of struc-
tured software development. As a result, the in-
vestment required to perform these needed mainte-
nance activities should be substantially lower than 
that which would be required if traditional tech-
niques had been applied. 

Every effort has been made to develop software 
modules (i.e., routines) that are functionally 
independent, are of limited size, and are logically 
cohesive. Such software has proven to be more 
reliable and more amenable to change than that of 
the previous version whose development predated the 
evolution of structural techniques. 

For example, the new enhancements enumerated 
earlier in this paper were introduced by adding new 
routines, with moderate changes introduced to exist-
ing routines. The additional input card types that 
were required were essentially plugged in to the 
existing input-processing software with virtually no 
disturbance to the existing code. 

To expedite corrective I maintenance, 	special 
diagnostic software was developed. This software 
permits the maintenance analyst to selectively and 
efficiently examine the software performance in the 
process of locating the cause of any adverse symp-
toms, to identify any software defect. 

It must be emphasized, however, that any software 
system requires a continuing program of maintenance 
support in order to enhance the reliability of the 
software and to provide the responsiveness needed by 
the user community. It is an established fact that 
the use of a software product is directly related to 
the confidence of the user community in the perfor-
mance and utIlity of the product and in the avail-
ability of continuing support. 

Availability of New NETSIM Program 

The NETSIM program is a component submodel of the 
current version of the TRAF software system. This 
current version, named TRAF 1.5, combines NETSIM 
with TRAFLO in an integrated format. That is, one 
can implement NETSIM concurrently with any of the 
submodels in TRAFLO (2), on a single analysis net-
work. Details are provided in the TRAF 1.5 Users 
Guide (3). 

Of course, NETSIM may be executed, as in the 
past, as a stand-alone program. The availability of 
TRAFLO within the overall structure of the TRAF 
software system does not burden NETSIM users in any 
way. Each submodel in the TRAF system resides in a 
separate overlay that is stored on disk; a submodel 
that is not used is not retrieved from disk and does 
not consume computer time nor storage in central 
memory. 

As noted earlier, the input format is designed so 
that no additional inputs are necessary for any 
submodel that is not used. In summary, the addi-
tional capability provided the user community 
through the integrated simulation model concept 
implies no penalties whatever if only one submodel, 
such as NETSIM, is used. 
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Models for Design and Evaluation of Traffic Signal Timings 
Kenneth G. Courage and Charles E. Wallace 

Optimization and evaluation models are valuable aids 
to the design of traffic signal systems. While many 
traffic engineers still use manual techniques for 
this purpose, others are finding that computer 
models offer substantial improvements both in the 
final product and in the productivity of the staff 
creating that product. 

The product, of course, is signal timing. Its 
parameters are the duration and sequence of the sig-
nal phases at a given intersection and their rela-
tionship to similar parameters at neighboring inter-
sections. The results of a good product are fewer 
stops, less delay and fuel consumption, and reduced 
accidents--all of which lead to lower operating 
costs for the motorist. Although the quality of the 
product is ultimately determined on the street, 
several traffic signal optimization and evaluation 
models have proved their ability to assist the traf-
fic engineer in' developing 'cost-effective opera-
tional improvements. 

MODEL CLASSIFICATION 

Most traffic signal models in practical use are 
macroscopic and deterministic. They deal with the 
traffic stream as a whole and not with individual 
vehicles. They make little or no use of probabili- 

ties or statistical distributions. Most do not use 
sophisticated analytical techniques; they rely in-
stead on search techniques, simple analytical equa-
tions, or graphical approaches. On the other hand, 
some excellent applications of operations research 
techniques are also apparent (e.g., hill climbing, 
linear programming, etc.). The best way to classify 
the models to be discussed in this paper is by the 
following four areas of application: 

Single intersections, 
Arterial routes, 
Two-dimensional networks, and 
Diamond interchanges. 

Each of these areas has unique problems and objec-
tives, and each, therefore, has generated its own 
models. 

The specific models discussed in this paper are 
shown in Table 1 and are classified by application 
area. This table identifies five computer programs 
that are frequently used for design and evaluation 
and summarizes the most important functions of these 
programs. This list is not exhaustive; other pro-
grams are also available, or under development. 
(See also papers by Gibson and May in this report.) 
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Table 1. Summary of traffic signal optimization programs. 

Application Program Name Function 

Single intersections SOAP Determines optimal phasing and timing for pretimed or traffic-actuated signals 
Artenal routes PASSER 11 Determines optimal phasing timing and offsets for maximal bandwidth in a coordinated multiphase arterial signal 

system 
Traffic signal networks TRANSYT Determines optimal signal phase lengths and offsets to minimize a weighted sum of stops and delay in a network 

signal system 
SIGOP II Same as TRANSYT; also considers queue spillover in the objective function 

Diamond interchange PASSER Ill Determines optimal signal phasing and timing to minimize internal delay within a diamond interchange and maxi- 
(version 3) mize progression bandwidth through a series of interchanges on frontage roads 

SIGNAL OPERATIONS ANALYSIS PACKAGE--SOAP 

SOAP (1) was developed by the University of Florida 
Transportation Research Center in 1977. The program 
was developed for the Florida Department of Trans-
portation and FHWA to provide a convenient, yet 
powerful, intersection design tool for traffic 
engineers. 

It exists in three forms: (a) a FORTRAN version 
that accommodates all intersection approaches for up 
to 48 contiguous (typically 15-mm) time periods; 
(b) a microcomputer version that accommodates all 
intersection approaches for a single time period; 
and (c) a hand-held calculator version that contains 
the important design and analysis routines and ac-
commodates a single approach for a single time 
period in a series of user steps. Because of dif-
ferences in computational capability, the three ver-
sions differ somewhat in their methodology and, 
therefore, do not produce identical results. 

Purpose 

SOAP provides a computerized method of developing 
signal control plans at isolated intersections. A 
wide range of control alternatives can be evaluated, 
including fixed-time or actuated multiphase control 
plans. The typical physical condition analyzed is a 
two- to four-legged intersection with left turns, 
through traffic, and right turns. The program can 
evaluate the effect of a signal in an interconnected 
system by specifying a 'platoon concentration fac-
tor" that results from signal progression. 

SOAP Computational Methodology 

SOAP has three computational functions: design, 
analysis, and evaluation. To design signal timing, 
it is necessary to input the appropriate data re-
garding the configuration of the intersection. SOAP 
examines all legitimate phasing schemes. It in-
ternally analyzes each scheme and selects the one 
that can be executed by using the minimum amount of 
green time. This design is returned to the user. 

The next step is dial assignment and timing. A 
typical controller provides three dials that allow 
up to three timing patterns to be implemented. SOAP 
can handle up to six such patterns. The user must 
decide how many patterns are to be used at a given 
intersection and must assign them to the appropriate 
dial (control period). If any pattern is unas-
signed, SOAP will do so, based on the traffic de-
mands. If actuated control is desired, no pattern 
assignments are made and SOAP makes its computations 
accordingly. 

Cycle length is the most difficult element to de-
termine. This is a particularly complex problem 
when several control periods are to be designed. 
SOAP produces these based on the appropriate vol-
umes, capacities, and other parameters. A trial-
and-error optimization procedure is used to find the 
cycle length that produces the minimum total delay,  

subject to constraints governing the amount of queu-
ing that can be tolerated. 

Allocation of green time among conflicting ap-
proaches is based on the equalization of the degree 
of saturation for the critical movements. This is a 
common traffic engineering practice; however, it 
frequently produces a sub-optimal solution in terms 
of delay, stops, and fuel consumption (2). The com-
putation of delay is based on Webster's method for 
undersaturated conditions (3) . A simple input-out-
put analysis is performed on any approach that is 
oversaturated. 

Analysis is accomplished by computing the mea-
sures of effectiveness (MOE) that are common to 
traffic-control systems analysis. This allows the 
user to quantify the effect of either the designed 
control strategy or any other scheme. The evalua-
tion provides for the comparison of several alterna-
tive schemes. 

SOAP Data Requirements 

There are three types of input cards required by 
SOAP. These are 

Instruction cards that tell SOAP what to do, 
Parameter cards that tell SOAP how to do it, 

and 
Data cards that supply the input variables for 

the intersection being studied. 

The input formats are standardized so that all 
cards have an identical format. This permits the 
use of a standard Coding form, although all fields 
are not always used. Each card is identified by a 
single word in the first field that indicates to the 
program the meaning of the data contained in the 
subsequent fields. This simplifies the preparation 
of inputs considerably by eliminating the need for a 
specific sequence of cards. With the exception of a 
few key instruction cards, SOAP will accept the 
cards in any order in which they are presented. 
This scheme has also been employed in the Arterial 
Analysis Package and the MAXBAND program, both of 
which will be discussed later. 

SOAP Outputs 

There are three primary types of outputs available 
from SOAP: 

Input report--echoes the input data and prints 
warning and error messages as appropriate; 

Design recommendations--includes phase se-
quences and lengths, cycle lengths, and dial assign-
ments; and 

MOE report--includes delay, degree of satura-
tion, maximum queue length, percentage of stops, ex-
Cess fuel Consumption, and left-turn conflicts. 

Other supplementary outputs are available in both 
tabular and graphical forms to aid in detailed 
analysis. 
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PROGRESSION BANDWIDTH OPTIMIZATION WITH PASSER II 

While several arterial progression programs have 
been in use for over a decade, the state of the art 
in signal technology has advanced to the point that 
the earlier programs (such as SIGART, SIGPROG, and 
SIGOP) do not adequately deal with complex signal 
timings. PASSER II (4) was written to facilitate 
the design of progression systems that have multi-
phase signals with a variety of phasing strategies. 
The original program, PASSER, was developed by the 
Texas Transportation Institute at Texas A&M Univer-
sity in 1973 and was later updated to produce PASSER 
II. 

Purpose 

The Progressive Analysis and Signal System Evalua-
tion Routine, version II (PASSER II) is a macro-
scopic, deterministic optimization model designed to 
develop the optimal signal progression on a linear 
arterial highway. PASSER II was written to overcome 
the limitations of previous progression models, 
which were generally restricted to fixed-time, two-
phase signals, often with balanced progression 
speeds in the two directions. PASSER II can work 
with multiphase signals. 

PASSER II Computational Methodology 

PASSER II is a time-series search-and-find optimiza-
tion routine. The model calculates phase intervals, 
offsets, and movement demand/capacity ratios to 
evaluate the level of service at each intersection. 
The green times are found by proportioning time ac-
cording to the volumes plus,  lost time (subject to 
the minimum required greens). 

PASSER II Data Requirements and Outputs 

Inputs to PASSER II involve three types of data 
cards: (a) arterial header card that specifies the 
global system parameters; (b) intersection header 
cards, each of which specifies the operating parame-
ters for one of the intersections in the system; and 
(c) intersection data cards that provide, on sepa-
rate cards, the traffic volume, saturation flow, and 
minimum green time for each approach to every inter-
section. 

There are three types of outputs available from 
PASSER II. These are (a) input data report, which 
gives all input data in a structured format; (b) de-
sign recommendation, which includes cycle length, 
offsets, phase sequences and splits, and MOE values 
for bandwidth efficiency and degree of saturation; 
and (c) time-space diagrams. 

NEORK OPTIMIZATION WITH TRANSYT 

The efficient movement of traffic through a grid 
network of signalized intersections can improve the 
capacity of the system and reduce adverse effects of 
traffic such as annoying stops and delays. Adverse 
impacts on the environment and excess fuel consump-
tion can be reduced as well. - Such efficiency can 
only be achieved by interconnecting the signals and 
operating them so that delay in the system is mini-
mized and/or other measures are optimized. Numerous 
computer programs have been written to assist en-
gineers in determining how the signals should be 
timed, and several on-line control programs are 
available as well. 

One of the most widely used design models is the 
Traffic Network Study Tool, TRANSYT (5), developed 
by Dennis Roberts of the Transport and Road Research 
Laboratory (TRRL) in England. Since the development  

of the original model in 1968, numerous improvements 
have been made and new versions issued. 

Purpose 

TRANSYT can determine optimum signal timing for a 
coordinated network of up to 50 intersections 
(nodes) with up to 250 directional links. Both sig-
nalized intersections and sidestreet stop-sign con-
trolled intersections are modeled. Control is 
fixed-time, twoto seven-phase (including pedestrian 
movements) with fixed sequential phasing and off-
sets. Priority lanes may be designated for buses. 

Since its original development, TRANSYT has been 
continuously enhanced. The history of its evolution 
is as follows: 

TRANSYT1--the original version written in 
machine code in 1967; 

TRANSYT2--a FORTRAN version of TRANSYT with 
provisions for more than three phases, 1968; 

TRANSYT3--improved input and error checking, 
1970; 

TRANSYT4--added the STAR1 subroutine to cal-
culate initial timing, flow pattern plots and provi-
sions for buses, 1971; 

TRANSYTS--provided multiple links at a common 
stopline and bus progression speed including stops, 
1972; 

TRANSYT6--improved stops model and increased 
efficiency, 1975 (6) 

TRANS YT6C--added fuel and environmental mea-
sures and demand response analysis, 1977 [this ver-
sion was developed at the University of California 
at Berkeley (7)] 

TR.ANSYT7--reduced the execution time and sim-
plified the input coding requirements, 1977 (8); and 

TRANSYT-7F--added a fuel consumption model to 
TRANSYT7 and developed a preprocessor-postprocessor 
scheme to further simplify the preparation of inputs 
and interpretation of outputs by Western users [this 
version was developed by the University of Florida 
for FHWA, 1981 (9)] 

TRANSYT Computational Methodology 

TRANSYT is a macroscopic deterministic optimization 
model with periodic time scan. It has a structured 
organization with a master program that calls other 
subroutines as the analysis progresses. The TRANSYT 
optimization is based on a hill-climbing technique. 
Hill climbing is accomplished by varying offsets and 
splits in steps and calculating the resulting traf-
fic effects. To accomplish the latter, it is neces-
sary to determine the behavior of traffic within a 
link that is based on the manipulation of the input 
and output flow patterns. The inflows of one link 
are obtained from the outflows of the upstream 
link(s). These flow characterizations are computed 
for each link for each iteration and the resulting 
delays and stops are calculated. 

TRANSYT Data Requirements 

There are up to 20 major types of input cards for 
TRANSYT (depending on the version) ; some have single 
cards and others multiple cards. The inputs fall 
into five functional categories, namely data that 

Are common to the entire network, 
Control the optimization process, 
Specify traffic data, 
Specify signal timing, and 
Specify plots. 

Since TRANSYT is a network optimization program, the 
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input data are based on a link-node structure. This 
structure is considerably more complicated concep-
tually than the single intersection orientation of 
the non-network models. User training is therefore 
a significant problem with TRANSYT. This problem 
has been addressed through a series of training 
courses sponsored by FHWA. TRANSYT-6C and TRANSYT-
7F have both been covered in these courses. 

TRANSYT Outputs 

Since TRANSYT-7F contains the most useful outputs, 
that version is discussed in this section. There 
are five outputs available from TRANSYT-7F: 

Input data report--a structured echo of input 
data, including any errors or warning conditions de-
tected; 

Performance table--a listing of significant 
data and MOEs including (by link) volume, saturation 
flow, degree of saturation, total travel and travel 
time, delay, stops, fuel consumption, maximum back 
of queue, and green times (subtotals are given by 
intersection and aggregated for the entire network) 

Signal timing tables--for each intersection 
the offset (or yield point) is given along with the 
signal timing in terms of individual interval 
lengths; 

Flow profiles--graphically show the arrival 
and departure flow patterns; and 

Time-space diagrams--available for any number 
of routes desired. 

The TRANSYT-7F postprocessor converts signal 
timing from the unfamiliar scheme originally used in 
TRANSYT to conventions commonly used by engineers in 
the Americas and Canada. Manual transformations are 
thus eliminated. 

NEIWORK OPTIMIZATION WITH SIGOP II 

Another network model developed in the United States 
is SIGOP II (Signal Optimization Model, version II) 
(10). It was originally developed by KLD Associ-
ates, Incorporated, and has been revised by Honey-
well. SIGOP II has been released only to a limited 
number of agencies and has not been used widely. 

Purpose 

SIGOP II extends the underlying principles of 
TRANSYT while reducing the effort to use the model. 
Furthermore, the following additional considerations 
are pertinent to SIGOP II: 

A faster optimization procedure was desired, 
Explicit representation of turning bays was 

desired, 
Explicit consideration of queue buildup and 

prevention of spillover was desired, and 
Production of estimates of fuel consumption 

and time-space diagrams was desired. 

SIGOP II can optimize a network of up to 50 in-
terseCtions and 130 links, and a single link can 
have up to three movements. 

SIGOP Computational Methodology 

SIGOP II is also a macroscopic deterministic optimi-
zation model with periodic time scan. It also has a 
structured software organization. The optimization 
is similar to TRANSYT; however, at each gradient 
search step only the intersections adjacent to the 
"current" intersection are reanalyzed for impact. 
The technique is referred to as the "method of suc- 

cessive approximations." Although this procedure 
results in significantly reduced execution time, the 
simplification may possibly sacrifice some confi-
dence in the optimal solution. A major improvement 
over TRANSYT is the explicit inclusion of a queue 
length term in the optimization objective function. 
This term is designed to prevent spillover, which is 
not assured in TRANSYT. Although similar to 
TRANSYT, the simulation model again has been simpli-
fied. All platoons are assumed to be either "main 
street" or "cross street," thus differences in de-
parture times from multiple upstream sources are not 
explicitly considered. 

SIGOP Data Requirements 

SIGOP II also requires more extensive data than ar-
terial and single intersection models, but not as 
extensive as TRANSYT, because of the simplification 
of the optimization and simulation models. 

There are 13 types of input cards available to 
SIGOP II, which fall into the same functional cate-
gories as discussed in the previous section of this 
paper. The significant differences between SIGOP II 
and TRANSYT inputs are as follows: 

SIGOP II does not require link-to-link flows 
as does TRANSYT; 

Signal phase sequences are coded from preset 
tables, which reduces the coding effort; however, 
this also reduces flexibility and the maximum number 
of phases is four, compared with TRANSYT's seven; 

SIGOP II requires input nodes for external 
links, while TRANSYT does not; 

Diagonal approaches may be coded, but their 
movement must be coincidental with another normal 
movement (in TRANSYT, all movements may be modeled 
explicitly and independently); and 

SIGOP II can examine a range of cycle lengths, 
while TRANSYT can only consider one value in any 
given run. 

As is the case with TRANSYT,, training is more 
significant for SIGOP II users than with simpler 
models. A training course has been developed by 
FHWA but has not been presented widely. 

SIGOP II Outputs 

There are four general outputs available from SIGOP 
II, all of which have multiple pages: 

Input data reports--a series of tables to re-
port back the input data in functional categories 
(e.g., link data, signal timing, minimum phase 
lengths, plots, etc.); 

Optimal signal timings--the optimal cycle 
length is reported, along with offsets, phase se-
quences, and splits for each approach at each inter-
section; 

Performance analysis--including such data and 
MOE as volume, average speed, delay, stops, satura-
tion flow, degree of saturation, and maximum queue; 
and 

Time-space diagrams. 

DIAZ4OND INTERCHANGE ANALYSIS WITH PASSER III 

Since the Texas Transportation Institute (TTI) at 
Texas A&M University introduced the concept of over-
laps in diamond interchange signal timing in 1961, 
much work has been devoted to methods of obtaining 
the design signal timing for these interchanges 
(11). Also, many freeways have continuous frontage 
roads parallel to the freeway, which can serve as 
alternate routes when the freeway is congested or 



TRB Special Report 194 
	 39 

ramp metering is in effect. Coordination of traffic 
signals on the frontage roads is of value to move 
traffic as efficiently as possible. TTI developed a 
progressive analysis model, PASSER II, to optimize 
progression on an arterial highway. This model was 
extended and the diamond interchange optimization 
was added to create PASSER III. 

Purpose 

PASSER III (Progressive Analysis Signal System 
Evaluation Routine, version III--diamond inter-
change) is designed to determine the optimal sig-
nalization timing of a diamond interchange and/or 
progression of traffic on parallel frontage roads. 
For a single interchange, the optimal cycle length, 
splits, and offsets can be computed. For a coor-
dinated system, the program calculates green splits 
for each interchange in the data set and also 
searches for an optimal frontage road progression 
solution. Progression can be one-way or two-way, 
with or without favoring one direction. 

PASSER III Computational Methodology 

PASSER III is a macroscopic, deterministic optimiza-
tion model. The interchange optimization is based 
on the fact that there can exist at each intersec-
tion of the interchange only three basic phases or 
allowable greens (excluding pedestrian phases) 
These may occur in the order of either leading left 
turns or lagging left turns where the off-ramp 
either leads or lags the left turns to the on-ramp. 
Similarly, there are three such phases available at 
the other intersection within the interchange. 

Only certain movements can exist simultaneously 
at both intersections for any period of time. The 
order, duration, and time offset-of these movements 
will determine the efficiency of the operation. 
PASSER III examines all possible patterns and varies 
the offset to find the pattern and offset that re-
sult in the minimum delay in the interchange. The 
frontage road progression analysis is independent of 
the interchange optimization, although the latter 
should be run to obtain the appropriate phasing and 
minimums for the progressive analysis. The optimal 
progression design is that which provides the 
largest bandwidth efficiency. 

PASSER III Data Requirements 

PASSER III uses the same general input scheme as 
PASSER II. Separate input cards provide a descrip-
tion of the facility, descriptions of each of the 
intersections, and, finally, the traffic data in 
terms of volumes, saturation flows, and minimum 
green times. 

PASSER III Outputs 

There are five output reports available from PASSER 
III. Not all reports are produced on each run since 
they vary by mode of analysis (isolated or progres-
sive). The available reports are summarized as 
follows: 

Input data report--a structured report of in-
put data; 

General signal information--indicates both 
signal timing and MOE (degree of saturation, delay, 
probability of queue clearance, and storage); 

Progression design report--gives cycle length, 
bandwidths, efficiency, and speeds for intercon- 
nected interchanges; 	 - 

Phasing report--gives signal phasing at each 
interchange; and 	 - 

Time-space diagram--used for the frontage 
roads. 

FUTURE DEVELOPMENTS 

In this constantly evolving field, it is not sur-
prising that new programs are continuing to appear. 
Most current developments represent enhanced ver-
sions of the programs already discussed in this 
paper. Some of the more significant developments 
are summarized below. 

Arterial Analysis Package 

The Arterial Analysis Package (AAP) (12,13) combines 
SOAP, PASSER II, and TRANSYT-6C into a single pack-
age that employs a common input coding scheme and 
output report format. This simplifies user training 
considerably. The AAP is currently under develop-
ment by the University of Florida and PRC Voorhees. 
It accommodates up to 20 intersections on an ar-
terial street and supports on-line data storage and 
multiple runs with successive modifications to the 
input data. 

PASSER 11-80 

PASSER 11-80 (13) is an enhanced version of the 
PASSER II program. It provides improvements in the 
design and evaluation tables. It also incorporates 
additional MOEs such as delay and probability of 
queue clearance. A green split routine based on 
minimum delay is being considered. 

MAXBAND 

A new arterial progression model (14) for optimizing 
signal offsets to maximize bandwidth is under 
development at the Massachusetts Institute of Tech-
nology. The Maximal Bandwidth Model will have a far 
more sophisticated mathematical basis than PASSER II 
and PASSER 11-80 and will also be able to consider 
two or three intersecting arterials, including a 
triangular network. The model is being developed 
for FHWA and is currently in the later stages of 
development and testing. 

TRANSYT-8 

TRANSYT-8 (15) is the latest TRANSYT version from 
TRRL. The major enhancements include improvements 
to the traffic model by the addition of gap accep-
tance features and the implementation of a cycle 
search routine. This program represents a signifi-
cant advance. It is only available, at present, 
under a license arrangement with the British govern-
ment • 

SIGOP III 

A revised version of SIGOP II is currently being de-
veloped by FHWA. This new version will add esti-
mates of vehicle exhaust emissions and will resolve 
programming problems existing in the earlier ver-
sion. SIGOP III is undergoing testing as of this 
writing. 

SOAP-82 

Modifications to SOAP are also in progress. Several 
changes are being made to the optimization model to 
produce an improved design, to the evaluation model 
to eliminate problems caused by handling conditions, 
and to the input coding scheme to improve the user 
interface. 	 - 
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CONCLUS IONS 

This paper has discussed the application of several 
computer-based models for the design and evaluation 
of traffic control system timing. There are abun-
dant resources for the traffic engineer in this 
area, and the development of these resources has 
managed to stay ahead of the implementation. Cur-
rent and future developments in model improvement 
and program documentation, together with the user 
training efforts of FHWA, can be expected to in-
crease the use of the technology. It is hoped that 
this, in turn, will produce some real benefits--both 
to the traffic engineer who faces many staffing 
problems and to the motorist who faces many red 
lights. 
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NETSIM: A User's Perspective 
Bradley R. Hagerty and Thomas L. Maleck 

INTRODUCTION 

The Michigan Department of Transportation (MDOT) em-
ploys about 4400 people within seven bureaus: execu-
tive, administration, aeronautics, finance, high-
ways, transportation planning, and urban and public 
transportation. The Bureau of Highways is the 
largest bureau, containing seven divisions, the 
smallest of which is the Traffic and Safety Divi-
sion. The function of the Traffic and Safety Divi-
sion includes the more traditional traffic engineer-
ing practices of signal and signing control devices 
and accident analysis. However, another major func-
tion is the preparation and evaluation of prelimi-
nary geometric designs. The divisions traffic 
engineers participate in the planning, design, im-
plementation, operation, and evaluation of all high-
way and some transit projects. 

The practice of traffic engineering is often more 
of an art than a science. A good standard analytic 
methodology is,needed to accurately predict the im-
pacts of various geometric and traffic control 
alternatives on highway capacity and traffic flow. 
The 1965 Highway Capacity Manual, although a major 
improvement, often proves ineffective in weighing 
subtle alternatives to improve the intersection 
capacity and the traffic flow on arterial corridors  

and networks. Different conclusions are reached 
based on the unique assumptions of different engi-
neers. Often, incomplete documentation leads to 
subsequent reanalysis. New measures of effective-
ness are needed to reflect current conditions and 
policies. Fuel consumption and exhaust emissions 
have become important issues. The emphasis has also 
shifted from pure capacity to overall network and 
corridor performance. 

NETSIM APPLICATION 

Why use a simulation model? Why NETSIM? MDOTs im-
plementation of NETSIM was happenstance. We were 
looking for a better automated means of doing capac-
ity analyses and stumbled on the documentation of 
UTCS-1 (the forerunner of NETSIM). The logic of 
UTCS-1 resembled that ofour manual headway analytic 
procedure. The model was implemented as a tool for 
analyzing geometric alternatives. At present, the 
model is used for a wide range of traffic engineer-
ing and transportation planning activities. Since 
its introduction in 1978, more than 15 000 runs have 
been made by using about 500 networks. The Traffic 
Network Study T6ol (TRANSYT) is also heavily used. 
TRANSYT is used to optimize green time allocation 
and offsets, which are input into NETSIM runs to 



TRB Special Report 194 
	 41 

simulate the effects of the signal timing altera-
tions. 

This paper provides some insight into our ex-
periences in implementing and using NETSIM. The 
following is a potpourri of experiences and comments 
obtained from the engineers and technicians who 
actually use the model. 

The NETSIM model software was converted in-house 
to our Burroughs 7700 computer in less than two 
months. The source code was incompatible with our 
computer, since it was developed for IBM-type sys-
tems. The conversion was not labor intensive or 
complicated. After the conversion to the Burroughs 
system, the model was tested for inconsistencies. 
The major problem encountered while debugging the 
program was the outdated documentation, which was 
effectively solved on completion of the users guide 
and the supporting documentation. The development 
of a progressive series of published sample runs 
would simplify model debugging and assist in user 
introduction to network coding. 

PROBLEMS AND LIMITATIONS 

Through intensive use, problems and limitations with 
the use of NETSIM have surfaced. The model is ex-
pensive to operate. High computer costs are at-
tributed to the large core memory requirements of 
the program. Though computer costs normally range 
from $30 to $50 per program execution, several have 
cost more than $150 and a few more than $500. 

Difficulty is experienced when attempting to 
simulate high-volume arterials, since the model 
limits the input volumes on entry links at 999 ve-
hicles per hour, allows a maximum of only five input 
lanes at intersections, and limits the storage in 
right-turn pockets to nine vehicles. The applica-
tion of NETSIM does not allow for dual turns, it 
cannot simulate four-way stop conditions with 
moderate to high volumes, and right- and left-hand 
merges from lane drops are unrealistically simu-
lated. The model does not adequately accommodate 
fully-actuated signal controllers nor correctly 
balance lanes of queued vehicles at signalized in-
tersections. 

Desirable enhancements would include more clearly 
defined input volume ranges for pedestrian traffic; 
allowances for -railroad crossing simulation, es-
pecially for simulating the effects of a light rail 
transit system on traffic flow; the effective model-
ing of signal preemption at railroad grade cross-
ings; - updated exhaust emission and fuel consumption 
data; and the ability to specify vehicular speeds on 
input links to prevent slow loading of the network. 
It would be desirable to have the network name 
printed on the fuel consumption and emissions output 
page. The documentation could be improved to pro-
vide a better explanation of output parameters, and 
a condensed report documenting the models logic 
could be prepared for use in public hearings. Also, 
provisions for subsystem outputs would allow for the 
quick analysis of specific corridors and individual 
intersections. 

In order for NETSIM to be operationalized, poten-
tial users had to be trained to ensure proper use of 
the model. Both engineers and technicians were 
trained. Initially, the first users of the model 
were self-educated by using the NETSIM Users Guide. 
This method of training is not cost-effective on a 
departmentwide basis. Thus, we conducted an in-
house class on network coding and model execution. 
Other -individuals were taught in a formal training 
session. At MDOT, an introductory training manual 
was developed. It includes asmall example network 
used to expose the trainee to NETSIM. Less than 4 h 
of training are now needed when using this method. 

More extensive training is needed for a user to 
grasp the full realm of NETSIM's capability. It is 
important to have users who understand the theo-
retical methodologies of the model. The users must 
grasp the significance of the output parameters so 
that coding or model inequities can be identified 
and program results interpreted correctly. 

Several research studies required making multiple 
program runs on relatively small networks. This 
caused problems with our computer system operation 
because of the large core memory requirements of 
NETSIM. Greater efficiency was provided when we 
developed a new version of NETSIM with substantially 
reduced core memory requirements. The program ar-
rays for link data, vehicle information, and the 
number of nodes was reduced to 20 nodes, 30 links, 
and 600 vehicles. 

On the other hand, many large networks exceeded 
the maximum of 1600 vehicles per link during one 
time step. The network would reach the saturation 
level and abort the execution. Therefore, we ex-
panded the capability of the program to simul-
taneously track and maintain statistics on 3200 
vehicles. 

As a result, we now maintain three separate ver-
sions of NETSIM for small, medium, and large runs. 
This increases program maintenance and user confu-
sion. In order to overcome this, the program should 
be revised to internally adjust the array of sizes 
to fit the requirements of various networks as 
specified by the user. 

The simulation use of NETSIM and TRANSYT requires 
two different networks to be coded. By using our 
automated drafting equipment we combined both net- 
works into one. The computerized graphic contains 
NETSIM node numbers and link configuration, TRANSYT 
link numbers, and three hourly intersection volumes 
and the saturation rate for each node. Figure 1 is 
an example of a section network used for analysis 

DATA ENTRY 

At MDOT, more than 2000 potential computer system 
users share 180 CRT terminals and two card-punch 
machines. Instead of using punch cards, we input 
data on-line through CRT terminals into disk files 
containing card images. This method of data entry 
is more efficient than punching cards, but it is 
time-consuming and error prone. Due to the large 
size of many data files, errors of omission are 
generated. 

In response to data entry problems, a forms dis-
play program was developed. It provides the user 
with a structured format with instructions to enter 
data in properly-sized data fields. 	The -program 
automatically transfers the data into the proper 
order on disk data files. The program initially 
displays a menu in which the user specifies the ap-
propriate form by depressing a function button. 
Below is a list of the forms and the data card types 
they generate. 

1. Network Information Form 
99 Execution 
00 Title 
01 Network Name 
03 Network Priming 
60 Simulation Control 

2. Link Inforniation 
02 Link Name 
04 Link Geometry 
05 Link Operation 
07 Link Turning Movements 
08 Auxiliary Topology 
20 Volumes 
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Figure 1. Example of combined 
NETSIM and TRANSYT computerized 
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Fixed-Time Signal Information Form 
10,11 Fixed-Time Signal Control 

Actuated Controller Form 
15 Actuated Controller 

Phase Information Form 
16A Actuated Phase 

Phase Operation Form 
17 Actuated Phase Operations 

Surveillance Information Form 
25 Surveillance Systems 

The forms display program virtually eliminates 
the possibility of data being input into improper 
fields. The consolidation of many card •types on one 
form reduces errors of omission significantly. The 
forms are limited to include only the most widely 
used card types. We are planning to expand the  

forms to include all card types and to allow a pre-
processor program to edit the data before executing 
the model. The use of forms display has reduced our 
data entry time by 75 percent. In the long range, 
we hope to have the capability to interface a common 
data base to automatically create a coded network. 
This would greatly improve the data entry process. 

CONCLUSION 

The time for model simulation as a serious analytic 
tool has arrived. The growth and acceptance of 
NETSIM have exceeded all expectations. NETSIM was 
initially used as a supplement to reinforce tradi-
tional analytical methods. Today, the results from 
NETSIM analyses stand on their own merit. 

Application of NETSIM Computer Simulation Model to 
Traffic Control Problems 
WILLARD D. LABRUM 

Utah's experience with the NETSIM (then UTCS-1) 
model began in 1973 with a need to determine whether 
to use traffic-actuated intersection control or a 
fixed-time progressive arterial control in a small 
city near Salt Lake. Application was, made to the 
National Highway Traffic Safety Administration 
(NHTSA) for a project to investigate the use of 
models to study traffic flow problems. 

On receipt of project approval, the UTCS-1 
(NETSIM) model was obtained from FHWA and modified 
for use on the University of Utah's 1108 UNIVAC com-
puter.. A network consisting of two intersecting  

arterials and adjoining streets in the Salt Lake 
suburban area was selected to test the model. All 
available personnel from our office simultaneously 
counted vehicles traveling in and Out of the network 
through the morning and afternoon traffic peaks. 
The results were then compared with simulated re-
sults to determine if the model could be applied to 
obtain simulated results that reasonably compared 
with the Observed traffic. A link node diagram of 
the network is shown in Figure 1. Statistical com-
parisons of vehicle volumes were made (t-test), 
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Figure 1. Link and node diagram for first test network. 

which indicated no significant (at the 10 percent 
level) differences. 

The model was then used to study a diamond inter-
change and a multiphased signalized intersection. 

URBAN GRID STUDIES 

The next development was a contract from FHWA to use 
the model on a variety of problems with an urban 
grid network the main focus of the study. The net-
work selected was the downtown section of Ogden, 
Utah. This area was signalized with a fixed-time, 
single-alternative, single-dial system. 

The first objective of the study was to improve 
the signal timing and coordination of the network. 
The link and node diagram for the network is given 
in Figure 2. SIGOP II was used to develop an alter-
nate time plan. The alternate plan was then used in 
the simulation model and compared with the existing 
system. The results showed that the proposed plan 
was slightly less efficient than the one in use. 

PEDESTRIAN STUDIES 

A problem that arose during the Ogden study was that 
of pedestrian strategies proposed by city government 
officials reacting to pressures from the business 
community. Merchants desired to accommodate poten-
tial customers to the greatest extent possible. The 
Ogden city traffic engineer was requested to con-
sider traffic control strategies that would facili-
tate pedestrian traffic as much as possible. The 
specific strategy requested for study was that of a 
"scramble" system, and the city traffic engineer was 
interested in the effect of signalized midblock 
pedestrian crossings and of pedestrian grade separa-
tions. The scramble system was simulated at six in-
tersections on Washington Boulevard, the main ar-
terial in the Ogden network. 

In order to simulate pedestrians crossing the 
streets at these intersections, diagonally or in any 
direction they so desired, a 30-s, all-red signal 
phase was introduced in the network. The results 
indicated that excessive delay to vehicular traffic 
would result. (See Figure 3 and Table 1.) 

Another technique that was investigated was mid-
block crossings with pedestrian-actuated signals. 
To simulate this strategy with NETSIM, it was neces-
sary to improvise a method for input of pedestrian 
volumes, since the model does not provide for an in-
put of pedestrian flow at midblock crossings or a 
pedestrian-actuated signal system. 	The. technique 
that was developed consisted of placing an entrance 
and an exit link at the midblock position, thus 
causing the model to accept the pedestrians as 
vehicles. After several attempts with various 
strategies, it was decided to represent pedestrians 
as 4-ft-long trucks traveling at 4 ft/s for input to 
the model. The link and node diagram for this is 
given in Figure 4. The results are shown in Table 2. 

BUS SYSTF4 

The Ogden study included an analysis of the bus sys-
tem's effect on traffic flow when it was proposed to 
improve bus service by doubling the number of bus 
trips into the central business district (CBD) . Be-
cause of computer costs, the network was reduced in 
size to an abbreviated bus network (Figure 5) 
Table 3 compares measures of effectiveness (MOE) for 
the.network with no buses, existing bus service, and 
increased bus service. Figure 6 is an enlarged 
drawing of the critical CBD area affected by the 
buses, and MOSs for these links are compared in 
Table 4. 

OTHER STUDIES 

Two other studies might be mentioned. One is an 
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Figure 2. Link and node diagram of Ogden Utah. 
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Figure 3. Link and node diagram for pedestrian scramble system. Table 1. Scramble system pedestrian phasing comparison. 

Delay 
per 

Total Delay Vehicle 
Delay per Minute Avg Stops 
(vehicle Vehicle per Vehi- Speed per 

Factor mm) (s) cle Mile (mph) Vehicle 

Existing 115.75 9.36 1.19 18.93 0.42 
80-s double alternate 142.45 11.53 1.49 17.87 0.42 
80-s scramble system 319.66 29.07 3.48 11.10 0.87 

Figure 4. Link and node diagram for pedestrian 
crossing study. Ogden. 

N 
N 

us 	 U, 
C - 	 C 
A) 

N 	 N 	 N 	 N 	 N 

PEDESTRIAN CROSSING Q-Q 
VEHICULAR TRAFFIC 



ADAMS AVE. 

WASH. BLVD. 

KIESEL AVE. 

GRANT AVE. 

ADAMS AVE. 

WASHINGTON DLVD 

GRANT AVE. 

Figure 6. Link and node diagram of critical area, Ogden bus network. Figure 7. Link and node diagram of 1-80 detour study. Salt Lake City. 
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Table 2. Washington Boulevard pedestrian crossing strategy evaluation. Table 3. Ogden network simulation bus-routing study. - 
-.1 

Delay Delay 

per Total Avg per Stops 

Total Delay Vehicle Peak Delay Speed Vehicle per 

Delay per Minute Avg Stops Factor 	 Perioda (mm) (mph) (s) Vehicle 

(vehicle Vehicle per Vehi- Speed per 

Factor mm) (s) cle Mile (mph) Vehicle No buses 	 p.m. 1214.3 18.96 42.04 1.92 
am. 1109.1 19.15 39.01 1.77 

Existing 735.3 27.47 1.28 18.10 1.105 Buses: existing headway 	p.m. 1506.6 17.51 50.78 1.87 

Pedestrian overpasses 569.90 9.6 1.20 19.27 0.367 a.n. 1591.1 16.80 55.70 1.88 

Signalized midblock 1636.50 62.43 2.87 12.25 2.55 Buses: one-half headway 	p.m. 1763.7 16.32 59.72 1.99 

crosswalks am. 1848.2 15.64 65.00 1.92 

speak period = 730-745 am.; 345-400 p.m. 

Figure 5. Ogden CBD abbreviated busnetwork. 
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Table 4. Delay by link for Ogden 
bus network for 15-min simulation. Link Identification (delay in vehicle mm) 

Condition 	 5-45 	44-45 	45-46 	48-47 	43-44 	44-54 	45-44 	46-45 

A.M. peak 
No buses 
Buses: normal headway 
Buses: one-half headway 

P.M. peak 
No buses 
Buses: normal headway 
Buses: one-half headway 

	

6.6 	41.3 	46.8 	31.1 	38.0 	41.3 	48.7 	40.0 

	

174.5 	89.5 	171.0 	36.6 	47.5 	13.8 	104.7 	48.4 

	

205.6 	139.7 	142.6 	46.3 	57.5 	11.0 	176.8 	92.2 

	

18.1 	43.5 	32.8 	39.7 	47.6 	49.1 	39.3 	30.3 

	

91.4 	79.0 	126.7 	58.3 	65.6 	48.8 	129.2 	79.3 

	

153.1 	132.0 	138.5 	66.1 	65.7 	48.6 	147.6 	73.5 

economic analysis to decide on construction of a 
detour at the termination of Interstate 80 in West 
Salt Lake. The proposed detour would route west-
bound 1-80 traffic around a high-volume intersection 
(Redwood Road and North Temple, US-40). The link 
and node diagram is given in Figure 7, and the 
analysis is shown in Table 5. The detour was com-
pleted and has been operative for several years. 

The fuel and emissions option of the NETSIM model 
was used in a number of studies. Table 6 illus-
trates comparisons for various traffic control 
strategies used in the Ogden study. 

In 1979, FHWA authorized a project with the Utah 
Department of Transportation (UDOT) to revise the 
report of studies previously completed for use as a 
case studies technology transfer report. In addi-
tion, a coding handbook was prepared along with in-
structor materials and visual aids to conduct a 
pilot two-day training course. This was completed 
in 1980. One pilot course has been conducted, and 
two more are planned in 1981. One session of that 
course will be presented if enough interest by con-
ference participants is indicated. 

In the last two years, UDOT has applied the model 
to more complex problems. One use has been to apply 

Table 5. 1-80 detour economic analysis. 

Detour 	Detour 	Daily 
Item 	 Closed 	Open 	Savings 

Delay A.M. peak (vehicle mm) 	3094.4 	1415.6 	1678.8 
Delay P.M. peak (vehicle mm) 	2005.2 	1678.0 	327.2 
Total savings in delay (vehicle mm) 	 2006.0 

Savings per year = 2006 vehicle minutes x $0.06/vehicle minute s 5 days/weeks 52 weeks/ 
year = $31 295; present worth of $31 295/year for to years at 8 percent = $209 990; 
construction cost estimate = $164 000; annual maintenance cost for detour (estimated) = 
$610; present worth $610/year for 10 years at 8 percent = $4093; benefit/cost ratio = 
value of benefit/cost of project; benefit/cost ratio = $209 990/$164 000 + $4093; and 
benefit/cost ratio = 1.25. 

the model's ability to simulate a dual-ring, eight-
phase controller to several single intersections 
where three-phase signal timing strategies have been 
used. The link and node diagram and intersection 
plan for one of these are illustrated in Figures 8 
and 9. Before and after phasing diagrams are illus-
trated in Figures 10 and 11. MOE comparisons are 
shown in Table 7. 

Probably the most difficult application of the 
model is that of simulating coordinated, actuated 
intersections of an arterial or grid network. 
Riverdale Road in Ogden is an example. Time-space 
relationships are shown in Figure 12. MOE compari-
sons are given in Table 8. 

When the model is applied to more complicated 
control systems, more caution must be exercised in 
using simulated results. The model is limited to 
semi-actuated, four-phase signalization for coordi-
nated systems. If a more complicated system is 
being studied, it is necessary to make assumptions 
in use of the model to avoid the four-phase limita-
tion. Drawing conclusions from simulated results 
should be done very carefully to prevent erroneous 
decisions. 

A study of a southwest Salt Lake area is under 

Table 6. Ogden abbreviated bus network. 

Delay 
Total Delay per 
Delay per Vehicle 	Avg 	Stops 
(vehicle Vehicle Mile 	Speed 	per 

Item 	 mm) (s) (mm) 	(mph) 	Vehicle 

Existing: 50-s cycle 	385.2 	40.48 	1.07 	18.95 	1.81 
SIGOP 11+: bandwidth 	478.83 	52.17 	1.34 	17.22 	2.13 

70-s cycle 
Double alternate: 80-s 	516.4 	53.15 	1.42 	16.95 	2.05 
cycle 

Figure 8. Link and node diagram of Van Winkle Expressway and 
East, Salt Lake City. 
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Figure 9. Van Winkle Expressway and 900 East intersection geometry. 
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Figure 10. Van Winkle and 900 East before signal-phasing diagram. 

Phase 	1 Phase 	2 Phase 	3 

±1 

7 TI IT 

Table 7. MOEs for Van Winkle and 900 East (Salt Lake City). 

Three-Phase 
Actuated 	Six-Phase Dual 

Item 	 (before) 	Ring (after) 

Vehicle mile 113.66 117.78 

Stops per vehicle 0.86 0.84 

Vehicle trips 648 671 

Delay per vehicle (s/vehicle) 80.41 73.83 

Delay per vehicle mile (mm/vehicle mile) 7.64 7.39 

Avg speed (mph) 6.65 6.82 

Total delay (mis) 868.4 825.7 

Gasoline (gal) 22.18 21.62 

Figure 11. Van Winkle and 900 East 
after signal-phasing diagram. 

SET I 	 "Barrier" 	 SET 2 	 "Barrier 

Phase 	I Phase 	2 I 	 Phase 	3 Phase 	4 	 I 

Phase 	5 Phase 	6 Phase 	7 Phase 8 

way to determine changes in the street network to 
accommodate future growth expected in that and adja-
cent areas. This area has recently been incor-
porated as West Valley City. Traffic growth predic-
tions were supplied by UDOT's Planning Division. 
The network is shown in Figure 13. The NETSIM model 
was used to simulate 2005 volumes on the existing 
street system. Minimal improvements, such as inter-
section widening and signalization, were selected 
for critical locations and simulated with NETSIM. 
Based on simulated results, user Costs were esti-
mated. The project is still under way; under con-
sideration is the building of a new arterial facil-
ity north-south through the network. This "build' 
option is shown in Figure 14. By this analysis 
method, it is expected that staged improvements- can 
be made to meet the most critical needs and minimize 
the cost of improvements. Comparison of some of the 
MOEs are shown in Table 9. This method of analysis 
has been used very effectively for this problem. 

If a problem to be solved begins with an existing 
or before condition, the initial simulation of the  

problem can be compared with observations in the 
field. It is not difficult to determine if the 
simulation reasonably represents the field condi-
tion. When the problem remedy has been determined, 
the simulated results can be compared with the be-
fore simulation. Confidence in simulated results 
can only be developed through experience. 

The final example is a before-and-after study re-
quired by FHWA on a signal demonstration project. 
Two east-west parallel arterials were put under com-
puter control. The.objective was to coordinate them 
to attain better traffic flow. Both systems inter-
sect with a freeway (1-15) and two six-lane arter-
ials (State Street and 700 East) . The link and node 
diagram is shown in Figure 15. Because of the long 
cycle length at these intersections, coordination of 
all intersections cannot be. attained by the model. 
These three intersections were allowed to run free 
with the remaining intersections coordinated by the 
computer. Comparing before and after results of the 
simulation proved inconclusive. The new coordinated 
system did not show any significant improvementover 
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Figure 12. Time-space diagram for Riverdale Road coordination study. 

Table 8. Riverdale Road comparison of MOEs 
(coordination study(. Comparison of MOEs (p.m. peak) 

Avg Delay 
Vehicle 	Vehicle 	 Total Delay 	per Vehicle 	Stops per 	Stopped Delay 

Period 	Miles 	Trips 	Avg Speed 	(mm) 	(a) 	Vehicle 	(%) 

Before 	8007 	7692 	23.77 	7890 	61.55 	1.41 	47.8 
After 	6317 	6696 	14.69 	16011 	143.47 	1.44 	82.0 

Fig ure 13. West Valley study network. 
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Fl lure 14. West Valley study build-option network. 
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Figure 15. 3300 South (Salt Lake City) arterial computer coordination study. 
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Table 9. User cost analysis for West Valley City. Total West Valley 
Factor 3200 West Network Network 

MOE 

Travel (vehicle miles) 113 590 283 9750 

158830 3970751, 

Vehicle trips 151 564 378 910a 

170568 426420b 

Moving time (vehicle hours) 3 229 8 073 
4445 Ii 	113b 

Total delay (vehicle hours) 2 989 7 4730 

3 134 7 835b 

Avg speed (mph) 18 18.30 
21 

218b 

Projected User Costs ($/day) 

Without TSM improvements 25 000 62 500 
With TSM improvements 24 100 60 250 

Z~ithoul transportation system management improvements 
ith transportation system management improvements. 
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the before system. This example demonstrates a 
present limitation of the model. 

DISCUSSION OF RESULTS 

The technique developed for using the model is a 
simple before and after comparison of alternatives. 
Selecting MOEs for comparison is determined by the 
application. There are a few precautions that must 
be observed: 

Be sure the simulated system adequately rep-
resents the alternative being studied. 

Examine simulated results in detail using 
link statistics. Look for queue locations. 

Make sure simulated signal systems are 
operating as designed. Use the output feature of 
frequent printouts to check the status of signal 
phases. 

When comparing before and after simulated re-
sults, use the same input volumes. There will prob-
ably be times when observed volumes may be used, but 
if so be cautious in making comparisons. 

Remember simulation is not the real world. 
Apply all results by using good judgment that comes 
from experience. If results look unreasonable, do 
not use them. 

SUMMARY AND CONCLUSIONS 

NETSIM has been applied to a fairly wide variety 
of problems with satisfactory results, but how ac-
curate these results are is likely to be the most 
frequently asked question. It must be remembered 
that all the results and values (MOEs) derived from 
simulation are not precise field measurements. 
Simulation is a means of making reasonable approxi-
mations of operating control systems for comparison 
purposes. Our experience is that these approxima-
tions are useful and generally within accuracy 
limits in measuring traffic flow (daily and monthly 
variations, etc.). It provides a means to analyze 
problems that are difficult or impractical to ap-
proach by any other means. Results have been used 
for decision making in numerous problems, and no 
real failures have been experienced. NETSIM has 
been well supported by FHWA, and its continued sup-
port is urged. Capability to simulated, more ad-
vanced control technology is recommended. Plans are 
under way for some of these. Simulation of com-
puter-controlled. systems would be a desirable goal .............. 
This capability would help avoid costly and embar-
rassing errors in the design of those systems. 

NETSIM is a very useful tool. It is highly 
recommended for solving a wide variety of control 
problems. 
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Traffic Flow Simulation: User Experience in Research 
Jamie W. Hurley. Jr., and Ahmed E. Radwan 

Traffic simulation computer programs have long been 
viewed as practical and effective tools for analyz-
ing traffic flows, especially when one considers the 
expense and time required to collect and analyze 
field data. In addition to being used for opera-
tional purposes, some of these programs, especially 
those based on microscopic flow simulation, have 
been used for research. This paper describes ex-
periences encountered while using traffic simulation 
for research at Virginia Polytechnic Institute and 
State University (VPI). Because of its scope and 
considerable potential as a research tool, the ex-
perience described is confined to the NETSIM micro-
scopic traffic simulation program (1). A brief 
description of the NETSIM program is presented in 
the following section. 

NETSIM PROGRAM 

The NETSIM program is a microscopic traffic simula- 

tion model developed for FHWA to evaluate traffic 
control strategies in urban street networks. NETSIM 
(formerly called UTCS-1) was designed for use by 
both researchers and practitioners. The basic 
NETSIM model enters individual vehicles into a net-
work through source nodes and entry links. As each 
vehicle is generated, it is stochastical].y assigned 
a set of performance characteristics, such as ve-
hicle type, average discharge headway, average ac-
ceptable gap, etc. Each vehicl&s movement through 
the network is then controlled by its assigned per-
formance characteristics and microscopic car-follow-
ing, queue-discharge, and lane-switching algorithms 
and by the assigned link turn percentages. The 
basic model has the capacity to handle 99 intersec-
tions, 160 links, and 1600 vehicles at any one 
time. However, these limits may be increased by 
changing the dimensions of the arrays that define 
the size of these parameters. 
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NETSIM has the ability to simulate the effects of 
traffic controls ranging from a simple "STOP" or 
"YIELD" sign to a dynamic, real-time traffic control 
system. Signal controllers may be either actuated 
or pretimed, and bus operations can be analyzed. A 
major strength of the program is its ability to con-
sider control strategies that other programs can-
not. Program output includes a variety of measures 
of effectiveness normally of interest to traffic en-
gineers (speed, delay, etc.) plus estimates of fuel 
consumption and emissions for each vehicle type. A 
complete description of NETSIM5 capabilities, in-
puts, and outputs is contained elsewhere (1). 

As in any model that attempts to duplicate real-
world conditions, NETSIM has its limitations. The 
program has been found to operate more effectively 
under heavy traffic conditions than in light, un-
disciplined flow (1). However, the model has been 
validated for isolated intersections (2), even 
though. it was developed primarily for network appli-
cations. 

PERSPECTIVE 

The NETSIM program has been used by us and others 
for a variety of research purposes. Some perspec-
tives on the type of research for which we have used 
the program and to some extent the frequency of its 
use follow. 	- 

NETSIM has been used at VPI by undergraduate and 
graduate students and faculty. Student use takes 
place in the form of independent studies, sponsored 
research, or thesis research, rather than as part of 
any regularly scheduled course. A large part of our 
NETSIM-related research has been concerned with 
determining the signal-setting requirements that 
minimize fuel consumption for isolated intersections 
and for open and closed networks, as opposed to 
evaluation of types of control strategies. On occa-
sion, observations during these studies have led us 
to examine some aspects of the program itself, al-
though such examinations have been performed only to 
ascertain accuracy of program output. In summary, 
then, we are occasional users of the program and 
should by no means be considered NETSIM "experts. 

Research Applications 

Most of the NETSIM-related research at VPI has dealt 
with the effects of signal settings on fuel consump-
tion. The need for studies of this type first be-
came apparent with the oil embargo of 1973, when the 
nation was suddenly made aware of its dependence on 
foreign oil. Traffic researchers began asking ques-
tions such as the following: 

Can traffic signals be timed to minimize fuel 
consumption (rather than delay)? 	 - 

If so, what are the potential fuel savings? 
If, indeed, signals can be timed to minimize 

fuel consumption, what delay penalties are involved? 

Most early studies addressed the problem of pretimed 
controls at isolated intersections. Unfortunately, 
the results of these studies were not consistent. 
Some investigators (3,4) concluded that extremely 
long cycle lengths were required to minimize energy 
consumption, while others (2,5) found that the same 
cycle length that produced minimum delay also mini-
mized energy consumption. Although researchers are 
still not in agreement on the answer to this ques-
tion, it is important that it be resolved because 
the impacts on both fuel consumption and motorist 
delay can be significant. It should be noted here 
that the Cohen and Euler study (2) was based on the 
NETSIM program. 

Traffic-Actuated Control 

Perhaps the first investigation of energy consump-
tion characteristics related to traffic-actuated 
contol was that completed at VPI in 1979 (6). This 
study was concerned with net energy consumption, not 
only fuel consumption. Net  energy analysis con-
siders all energy used in all primary forms in 
vehicle operation. For example, a vehicle stop 
causes extra tire wear (in addition to extra fuel 
consumption. and other items), and this extra wear 
has an energy cost associated with it. The study, 
then, was concerned with the actuated signal 
settings that minimized net energy consumption. The 
associated impact on delay was evaluated. Although 
NETSIM does not calculate net energy consumption, it 
was possible to develop a simple model that esti-
mates net energy consumption based on NETSIM out-
put. Since macroscopic techniques for analyzing 
actuated control did not exist and the necessary re-
sources for conducting field studies were not avail-
able, NETSIM was the logical tool to use for the 
study. The NETSIM output data needed to determine 
net energy consumption were vehicle miles of travel, 
vehicle trips, average delay per vehicle, percentage 
stopped delay, and stops per vehicle. 

The findings of this study will not be stated 
here because the results must now be considered sus-
pect. The reasons for this are twofold. First, we 
discovered several months after publication of the 
study results that the NETSIM model generates 
vehicles based on a uniform statistical distribution 
and not according to the shifted negative exponen-
tial distribution as was done in UTCS-1. We know of 
no place where this change is documented. This pro-
gram change should have negligible impact on simula-
tions of large networks under high volumes, since 
car-following laws would govern soon after the 
vehicles are generated. This is hardly true, how-
ever, for isolated intersections under low-to-moder-
ate volume conditions. The second reason is an ap-
parent inconsistency in stops per vehicle and number 
of cycle failures as given in NETSIM's output. 

TRANSYT Studies 

NETSIM was used as a baseline program in two 
studies. The first study dealt with evaluating the 
effect of. different optimization schemes on signal 
settings as dictated by the TRANSYT-7 program for an 
open network (7), and the second study investigated 
the effect of signal settings optimized by the same 
TRANSIT version on traffic operations. TRANSIT is a 
macroscopic simulation program that, for a given 
cycle length and phasing pattern, uses a performance 
index (P1) to optimize offsets and cycle splits in a 
network. The P1 in the TRANSYT-7 program is a 
weighted sum of stops and delays. Mathematically, 
the performance index may be written as follows: 

P1 = E (d + KC) 	 (I) 

where 

n = number of links in the network, 
di = average delay on link i (vehicle-hours! 

hour) 
Ci = average number of stops per second on link 

i, and 
K = user-specified weighting factor (stop 

penalty). 

The objective of the first study was to evaluate 
the traffic operation in an open network in which 
signal settings were determined by minimizing (a) 
total vehicle delay, (b) total passenger delay, (c) 
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excess fuel consumption, due to idling and speed-
change cycles, and (d) total Cost. The selected 
network, comprised of a six-lane arterial street 
intersected at five locations by two- and four-lane 
streets, was part of the Washington, D.C., network 
used for validating the UTCS/BPS computer program 
(8). The arterial had light traffic flows with an 
average of 300 vehicles per hour per lane. On a 
per-lane basis, the cross-street traffic volume was 
heavier than that of the arterial at three of the 
five intersections. Bus volumes over portions of 
the arterial reached 85 buses/h. Cross-street bus 
volumes ranged from 5 to 54 buses/h. 

The P1 in TRANSIT was modified to simulate the 
four optimization strategies mentioned earlier, and 
NETSIM was modified to generate vehicles based on a 
shifted negative exponential distribution. A range 
of cycle length of 40-90 s was adopted for the net-
work. TRANSIT optimum cycle length and NETSIM opti-
mum cycle length were then observed for each optimi-
zation strategy. It was concluded that 

There is agreement between both programs on 
the optimum cycle length for minimizing the total 
vehicle delay and the total network cost. 

There is a slight difference between the two 
programs on the optimum cycle length for minimizing 
the total passenger delay. 

There is a large discrepancy between NETSIM 
and 'TRANSIT cycle lengths with regard to the fuel 
consumption logic. 

A primary objective of the second study was to 
find the stop penalty (or a function describing it) 
that would provide the signal settings for minimiz-
ing fuel consumption in a network. Two networks 
were analyzed. One, a four-intersection open net-
work in Blacksburg, Virginia, carried low-to-moder-
ate traffic volumes. The second network, located in 
Arlington, Virginia, contained 24 intersections (20 
of which were signalized) and carried high volumes 
of traffic. Since the TRANSYT-7 program version did 
not provide fuel consumption estimates, it was 
necessary to use NETSIM to obtain them. (It should 
be noted that more recent versions of TRANSIT not 
only include estimates of fuel consumption and emis-
sions but also use a greatly expanded performance 
index function so that one can, if desired, perform 
optimizations based on fuel consumption alone.) For 
purposes of this study, NETSIM was modified to 
generate vehicles based on a shifted negative expo-
nential distribution,,  as was done in UTCS-l. Re-
sults of the study showed strong relationships be-
tween fuel consumption and both average total delay 
per vehicle and averagestopped time per vehicle. 
It was also shown that for these two networks the 
settings that produced minimum delay minimized fuel 
consumption. A TRANSIT 'stop penalty of zero should 
have produced this effect, but did not (based on 
NETSIM output). In fact, there appeared to be no 
consistent relationship between stop penalty and 
fuel consumption. These and other results of the 
study are contained in a thesis by Hill (9). 

Sensitivity Study 

The fuel consumption tables embedded in NETSIM are 
based on an analytical model developed by the Trans-
portation Systems Center (10). It appears, however, 
that most researchers attempting to model fuel con-
sumption requirements at intersections use Claffey's 
data (11). Claffey's data are the result of field 
testing of fuel consumption of highway vehicles 
under various operating conditions. However, the 
form in which Claffey's data are given is not com-
patible with that required by NETSIM, although 

NETSIM does have the flexibility of accepting al-
ternative fuel consumption tables if the user wishes 
to provide them. Conversion of NETSIM's fuel con-
sumption data to the form in which Claffey's data 
are presented revealed that, although the two data 
sets exhibited similar trendwise behavior, fuel con-
sumption magnitudes were often quite different. A 
procedure was developed that converted Claffey's 
data to the NETSIM format and calibrated them for 
NETSIM's vehicle trajectory profile (12). 

The primary purpose of the study by Hurley and 
others (12) was to ascertain whether or not signifi-
cant differences existed in NETSIM output between 
the two fuel consumption models and also between the 
uniform distribution model used to generate vehicles 
and a shifted negative exponential distribution. 
Also studied was the sensitivity of fuel consumption 
and delay to saturation headway (or saturation flow 
rate). The effect of grade on fuel consumption and 
delay was investigated, although only in part be-
cause the NETSIM fuel consumption logic does not 
consider grade effects. That is, the effect of 
grade on saturation headway was considered, but the 
direct effect of grade on fuel consumption was not. 

Most of the study conclusions were based on data 
generated for an isolated intersection under pre-
timed Control, although comparisons were made for 
the same open network in Blacksburg referred to 

.earlier. Conclusions reached from the study were 

, NETSIM's embedded fuel consumption data pro-
duced significantly lower consumption estimates than 
did the Claffey-based tables. 

Significant differences were found in fuel 
consumption and delay output between the uniform and 
shifted negative exponential models for generating 
vehicles. 

NETSIM fuel consumption and delay outputs are 
sensitive to saturation headways greater than 2.2 s. 

Within the limits of the investigation, grade 
effects appear to significantly affect fuel consump-
tion and delay only at high volumes. 

RECOMMENDATIONS FOR IMPROVEMENTS 

The NETSIM-related research' described in the preced-
ing section provides only a partial picture of our 
experience with the program. The following points 
out known and suspected problems in the program it-
self, some problems with and suggested improvements 
for the program documentation, and simple changes in 
program output that (from our viewpoint) would be 
helpful to the user. 

Internal Logic 

Cycle Failures 

In the study of actuated controllers, it was ob-
served that the program consistently contained zeros 
in the cycle failure column, regardless of input 
volume magnitude. This should be corrected. 

Stops per Vehicle 

Examination of NETSIM output for Blacksburg's open 
network showed that for one intersection the number 
of stops per vehicle was greater than 1. At the 
same time, there were only 5 cycle failures Out of 
48 cycles. We know of no logical explanation for 
this inconsistency, and it seems to us that the 
logic is incorrect for either stops per vehicle or 
for cycle failures (under pretimed control). We 
suspect that the stops-per-vehicle logic is at 
fault, since the signal timing was such that there 
should be few, if,,any, cycle failures for the ap-
proach volumes. 
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Dual-Ring Controllers 

In a non-research application of NETSIM, operation 
of a four-intersection coordinated network in York 
County, Virginia, was to be evaluated. One of the 
controllers in the system was a dual-ring actuated 
controller. The average delay value for the inter-
section was estimated to be an obviously incorrect 
372 s/vehicle by NETSIM. A similar estimate for the 
intersection assuming pretimed cqntrol was "only" 
109 s/vehicle. The dual-ring logic is obviously 
faulty. 

Grade Effects 

Although the published results of our study ad-
dressed the effect of grade on fuel consumption re-
lated to passenger cars only, a cursory examination 
was made on the effect of grade when the traffic 
stream consisted of 15 percent trucks. No dif-
ferences in either delay or fuel consumption were 
observed for grades between -5 and +5 percent that 
could not be attributed to randomness. If the dif-
ferences are not due to randomness, then they are 
trendwise illogical. We suspect, then, that grade 
is not taken into account at all in the simulation, 
although grade is a program input item. This should 
be investigated and, if need be, corrected. 

Headway Distribution 

The findings of the sensitivity analysis show that 
delay and fuel consumption output is significantly 
different when the shifted negative exponential dis-
tribution is used to generate vehicles rather than 
the uniform distribution. It is not known for cer-
tain why the vehicle-generation logic was changed 
when UTCS-1 evolved into NETSIM, and no claim is 
made here that the shifted negative exponential dis-
tribution is the best one to use. However, in the 
interest of providing more valid output for small 
networks and isolated intersections under low-to-
moderate volume conditions, the uniform headway 
distribution logic shouuld be replaced or made a 
user option. 

Fuel Model 

The sensitivity analysis showed a significant dif-
ference in fuel consumption output between the 
Claffey-based fuel model and that embedded in 
NETSIM. Again, no claim is made as to which is 
best. Both data sets are old and not representative 
of current vehicle population. Since it has been 
shown that these differences can be significant, we 
feel that a newer data base should be obtained and 
that such data should bebased on field tests of 
fuel consumption. It is also recommended that the 
fuel model be expanded to consider the direct ef-
fects of grade on fuel consumption. This would not 
be a simple modification. Neither would it be an 
impossible one. 

Program Output 

The following are program output changes that we 
feel would be useful. Some would logically be pro-
gram options. 

Average queue per lane is a possible addition. 
Intermediate network statistics as an option 

do not work as stated in the user's manual. When 
they do work, fuel consumption data are not in-
cluded. One can, however, get cumulative intermedi-
ate results. 

Average saturation percentage, information  

that is perhaps useful to some users, is improperly 
titled. To us, average saturation percentage is 
synonymous with degree of saturation; that is, de-
mand flow rate divided by the product of saturation 
flow rate and the portion of the cycle that is ef-
fectively green. The average saturation percentage 
as output by NETSIM is the timewise average of link 
occupancy. divided by total link storage capacity. 
It is felt that most users are familiar with the 
signal-related definition. In addition, output of 
degree of saturation (according to the signal-re-
lated definition) would be extremely valuable. 

Fuel consumption output data in gallons per 
vehicle would be helpful because consumption ex-
pressed in total gallons can be misleading. 

Lane occupancy output would be another very 
useful addition to program output. 

Subinterval statistics as an option would in-
clude measures of deviation within each subinter-
val. Some possibilities are maximum delay, minimus 
delay, standard deviation of delay, ratio of stan-
dard deviation to the mean, and 85th percentile 
speed and 10-mph pace. It is not known if the pro-
gram can provide the reliable data at this level of 
detail. 

Program Documentation 

The primary change that we feel should be made in 
the program documentation is in the form of an addi-
tion to the user's manual. The suggested addition 
would be a guide to the user that describes pitfalls 
commonly encountered by the new or occasional user 
and, most importantly, the limitations of the pro-
gram concerning what it should or should not be used 
for. For example, we are not certain that the type 
of research described in this paper does not exceed 
the accuracy limitations of the NETSIM model. Cer-
tainly, one is on potentially shaky ground when he 
or she attempts to evaluate one simulation program 
on the basis of another's output, as was done with 
TRANSYT-7. If this is the case, it should be empha-
sized in the user's manual. Furthermore, if NETSIM 
as it now exists is not accurate enough to support 
research such as this, every effort should be made 
to make it so. The time and dollar costs required 
to collect and analyze field data for the research 
described in this paper would be prohibitive. 

With regard to new user pitfalls, the suggested 
addition should contain guides about the number of 
runs or replications required to produce acceptable 
accuracy and warnings about the sensitivity of pro-
gram output to random number seeds. For example, an 
analysis for an isolated intersection was made by 
using a total of nine replications. It was found 
that by increasing the number of replications from 
three to six, the ratio of standard deviation to the 
mean (for delay) increased. By using nine replica- 
tions, the ratio decreased. A user could draw two 
possible conclusions from this: (a) three replica- 
tions are sufficient or (b) more than nine replica-
tions are needed. Our studies also showed that 
there was more variation in data when vehicles were 
generated according to the shifted negative expo-
nential distribution., 

A final suggestion is that FHWA use some type of 
designation to distinguish different versions of 
NETSIM. Improvements are continually being made to 
the program, but it is difficult for the occasional 
user to know if the program version being used is 
the latest one. Perhaps numerical or alphabetical 
designations such as are used 'for other programs 
(e.g., TRANSYT7, TRANSYT6C, etc.) would be suffi-
cient. Obviously, program documentation should be 
revised to reflect any program changes made. The 
existence of new modifications should be publicized 
to alert the user to them. 



54 	
TRB Special Report 194 

CONCLUSIONS 

This paper has summarized the experiences, problems, 
and recommendations of researchers at one university 
relative to the use of the NETSIM program as a re-
search tool. In our opinion, NETSIM is a useful and 
comprehensive program that could and should be made 
better. It is possible that the developers of the 
program never intended it to be used for the type of 
research illustrated here. Nevertheless, NETSIM's 
comprehensiveness and relatively low costs (when 
compared with the alternative of collecting and 
analyzing sufficient field data) will continue to 
make it attractive to researchers. It is felt, 
therefore, that efforts required to improve program 
accuracy would be highly beneficial to both re-
searchers and practitioners. 
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Simulation Developments in Progress 
Guido Radelat 

Traffic simulation is, at the present time, a very 
dynamic discipline. It is growing fast because it 
is still a young discipline where dogmas are few and 
new ideas are welcome. It is changing rapidly be-
cause it is closely linked with the rapid and con-
tinuous advances of the digital computer. Because 
it is almost impossible to follow all the develop-
ments that are taking place in traffic simulation, 
this discussion will be concerned only with the 
traffic simulation activities performed and spon-
sored by FHWA. 

TYPES OF TRAFFIC SIMULATION ACTIVITIES 

In the traffic simulation discipline there are two 
major skills involved: modeling and computer pro-
gramming. These skills are so interrelated that 
sometimes it is difficult to distinguish one from 
the other; nonetheless, they are different. 

Modeling is the representation of a real-life 
system by a more manageable system. Programming is 
the translation of modeling logic into a language 
that the electronic computer can understand. In 
general, modeling precedes programming, but the 
transition between these tasks is usually blurred. 
Very often there is considerable overlapping and the 
last details of a model are completed as a program  

is developed. This is one of the reasons why simu-
lation models are frequently called simulation pro-
grams. 

Six types of traffic simulation activities can be 
defined: 

New model development, 
Testing, 
Implementation, 
Enhancement, 
Application, and 
Maintenance and support. 

The following paragraphs describe these activities. 

New Model Development 

Twenty years ago, when many doubts existed about the 
feasibility of simulating traffic on a computer, the 
development of a new model was considered the only 
worthwhile activity in this field. Now, model de-
velopment is only a small portion of the efforts 
usually involved in traffic simulation. New model 
development consists of 

1. Requirement analysis, which is the identifi-
cation of the needs for the model and the functions 
it should perform; 
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Formulation of the conceptual framework or 
creation of the logic to represent a real-life sys-
tem by a symbolic system; 

Program design, where the structure and or-
ganization of the computer program are established; 
and 

Program development, which consists of actual 
coding according to the established design. 

Testing 

There are so many things that can go wrong in a 
simulation model that testing has become an activity 
as important as development. And the most time-con-
suming task in testing is "debugging', or the detec-
tion and correction of errors in the computer pro-
gram. Debugging starts when coding starts and never 
ends; experience has shown that large computer pro-
grams, including most of our simulation programs, 
are never completely debugged.' 

Testing also includes verification, or checking 
that the outputs of the model are reasonable. If 
they are not, there are either important bugs in the 
program or flaws in the conceptual framework that 
must be corrected. When the outputs are compared 
with equivalent values observed in the field or with 
outputs from a more reliable model, the task is 
called validation. 

Once the model is verified and validated, its 
developer must demonstrate that it can perform sat-
isfactorily the functions that are expected of it. 
This requires running the program in a range of sce-
narios that will cover most of the typical applica-
tions of the model. If the runs produce acceptable 
results, they constitute acceptance testing of the 
model. It is then assumed that the model has 
reached acceptable levels of validity and reli-
ability. 

The team that develops the model, because of its 
familiarity with the program and its conceptual 
framework, can perform very efficiently the changes 
required by the testing activities. For this rea-
son, the testing tasks, except validation, should be 
performed by the model developer. Validation, on 
the other hand, should be conducted by a party not 
responsible for the development of the model to en-
sure objectivity. 

Implementation 

Implementation is an appraisal of the applicability 
of the model. Here, familiarity with the model is 
not an asset but rather a liability. A potential 
user of the model, not too familiar with it, should 
be selected, trained in the use of the model, and 
allowed to apply it to a practical problem under the 
guidance of the developer and sponsored by the 
agency that has developed the model. 

The potential user will likely find deficiencies 
in the model and its documentation that are not 
easily perceived by those who developed them because 
they were too familiar with their products. The 
user can then recommend changes to enhance the ef-
ficiency and applicability of the model.. 

Application 

Traffic simulation models have been used for eval-
uating new traffic control or traffic management 
strategies and observing the effect of various 
changes on traffic measures of effectiveness. They 
have also been used to analyze traffic flow interac-
tions in a controlled experiment and to test spe-
cific traffic engineering techniques and variations 
in them. 

Enhancement 

Traffic simulation models need periodic enhance- 

ments. New model functions that were not foreseen 
during its development are requested by its users--
for example, computation of fuel consumption. New 
advances in the state of the art of traffic control 
and traffic management also require changes in the 
model and in its program. Traffic signal control 
techniques, for example, change very raNidly. There 
are always new ideas of how to model particular 
traffic phenomena that suggest changes in the model 
conceptual framework. Finally, the rapid progress 
that the computer field is experiencing has an im-
pact on simulation programs that can make them ob-
solete in a relatively short period of time. 

Maintenance and Support 

Maintenance is the group of tasks concerned with 
correcting, adapting, and improving existing pro-
grams after they have passed their acceptance test. 
Support is any action conducted to make possible or 
easier the successful use of a model. It includes 
providing the user with information about the model, 
distributing the program code and documentation, 
providing training, responding to questions, review-
ing and correcting users' input, and keeping them 
informed about changes in the model. 

Relationships Among Traffic Simulation Activities 

Figure 1 shows the relationships among traffic sim-
ulation activities. New model development is always 
followed by testing. After, testing, a model can be 
directly applied, but experience has shown that an 
implementation phase is very worthwhile. Implemen-
tation is a controlled application where the appli-
cability of the model is carefully scrutinized and 
may indicate the need for enhancements and further 
testing prior to the release of the model for prac-
tical applications. 

The application, maintenance, and support activi-
ties are closely related and interact with each 
other. Problems uncovered during model application 
that cannot be handled by regular maintenance opera-
tions may require new enhancement and testing. 

Very often, the implementation or the maintenance 
and support activities are omitted. This omission 
places an excessive burden on the application 
activities. 

Finally, when models become obsolete or their 
programs are so inadequate or badly patched that 
their maintenance is excessive, it may be advisable 
to start all over again and develop a new program or 
even a new model. 

PAST DEVELOPMENTS 

With the main traffic simulation activities defined, 
we can now turn our attention to the role played by 

Figure 1. Relationships 
among main traffic 
simulation activities. 
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these activities in the past Esee Radelat (1)]. 

Evolution of Traffic Simulation Model 

Traffic simulation was born in the mid-1950s right 
after the digital computer became available to traf-
fic researchers. The simulation techniques, which 
combine analytical and empirical relationships with 
logical decisions, require an overwhelming amount of 
computations that only the electronic computer could 
handle. 

The purpose of these models was to predict, in a 
quantitative fashion, the effect of traffic control 
techniques on real traffic. These models materi-
alized as elaborate computer programs that repre-
sented traffic flow in single intersections, short 
sections of freeways, urban arterials, and even ur-
ban networks. 

One of the approaches for portraying traffic was 
to represent each vehicle by a set of variables 
(such as. vehicle type, position, speed, accelera-
tion, etc.) and update this set of variables at 
fixed or variable time intervals. The models that 
followed this approach were called microscopic. 
Other models represented traffic in terms of overall 
parameters such as traffic volume, average speed, 
and density, or handled the vehicles in groups. 
These models were known as macroscopic. 

Microscopic models are, in general, more accurate 
than their macroscopic counterparts because they 
make fewer assumptions, but their larger require-
ments for computer resources retarded their develop-
ment in times when these resources were very 
limited. The advent of the third-generation com-
puters in the mid-1960s made possible the develop-
ment of microscopic models such as UTCS-1, which 
later became NETSIM. 

Later on, when the application of traffic manage-
ment strategies called for the analysis of traffic 
in large urban networks, macroscopic models were 
needed and the macroscopic TRAFLO was created. NOW 
it is possible to simulate urban and freeway traffic 
at various levels of detail. 

Lack of Reliability 

The main problem with the early traffic simulation 
models was their lack of reliability. Models were 
not properly validated. Programs were not thor-
oughly debugged and demonstrated. The importance of 
testing was not yet evident. The result was a lack 
of credibility that resulted in the natural lack of 
use of traffic simulation in the traffic engineering 
community. This was not very encouraging for simu-
lation model developers. 

Nevertheless, as years of frustration went by, 
the need for proper model and program testing was 
becoming more definite. More rigorous validations 
were performed, program demonstrations became the 
rule rather than the exception, and model implemen-
tation efforts were initiated. At the same time po-
tential users of the traffic simulation models were 
becoming more computer -oriented and found that, in 
many cases, field experimentation could not be more 
accurate than computer simulation. Also, it was 
realized that even a model that does not represent 
the absolute truth could be useful if it can give 
indications on the relative merits of traffic con-
trol alternatives. Then, traffic simulation began 
to have customers. 

More Simulation Efficiency Needed 

When traffic people overcame their reservations 
about simulation models and started to use them, 
they discovered that their programs were not very 

efficient. These programs called for computer re-
sources that many of the users did not have or could 
not afford. Model develbpers made some efforts to 
improve the computational efficiency of programs in 
response to the demand of more efficient software. 
But at the same time they were getting requests for 
extensions in the capabilities of the models that 
would make their programs more complex and more de-
manding of computer resources. 

Fortunately, advances in microelectronics had 
been producing dramatic reductions in computer hard-
ware costs and increases in computational power. 
The cost of human time and thus the cost of produc-
ing and running software on newer and faster 
machines, on the other hand, had been steadily in-
creasing. Recognition of these facts has led to a 
shift of emphasis in the traffic simulation field 
from machine computational efficiency to human ef-
ficiency as the prime consideration. 

Considerable human time is spent in input prepa-
ration, output interpretation, and bug detection and 
correction when undetected errors in a program pre-
vent model use. It was found that the human time 
involved in these tasks was substantially affected 
by the following factors: 

Diversity in models and programs--Although 
diversity in the early stages of simulation resulted 
in desirable creativity, it later became a source of 
inefficiency and confusion; 

Documentation--Most of the early simulation 
models were poorly documented because their de-
velopers were too busy trying to make the computer 
programs work and had little time for other things 
that were considered of secondary importance (later 
this situation improved); 

Programming style--The program structure and 
coding style found in most of the early simulation 
programs and in others more recently developed left 
much to be desired and were characterized by inade-
quate design, large and complex subroutines that of-
ten performed several unrelated functions, and dis-
organized and poorly annotated code; and 

Maintenance and support--Recognition of the 
importance of these activities has been very slow; 
therefore, most of the traffic simulation models 
have received inadequate maintenance and support--a 
deficiency that has resulted in sizeable wastes of 
user time in input preparation, output interpreta-
tion, and debugging. 

CURRENT DEVELOPMENTS 

TRAF System 

To address the problem of improving human efficiency 
in connection with traffic simulation, the Office of 
Research of FHWA is developing a system of traffic 
simulation models named TRAF (2). This system is 
designed to represent traffic flow on any existing 
highway facility. 

Since TRAF will be a single source of traffic 
simulation programs, the user need be concerned with 
only one set of documentation and one set of input 
and output format. This standardization will put an 
end to the confusion caused by the diversity of 
simulation approaches and format. It will also re-
duce considerably the overall learning effort in 
connection with the application of traffic simula-
tion. 

In the development of TRAF, special consideration 
is given to the task of producing the best possible 
program documentation. Instead of the detailed flow 
charts that were previously used to document many 
simulation models, TRAF uses a modified system of 
hierarchy plus input -p roces s-output (HIPO) charts, 
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which are more effective in depicting the logical 
structure of the programs. Numerous comments are 
included in the code and each variable of the pro-
gram is defined in every subroutine where it appears. 

The code itself is carefully planned for minimum 
branching, and it is completely modular (subroutines 
are short and perform only one function). A stan-' 
dard code format has been established that makes the 
programs easy to read and , presents the logic as 
clearly as possible. 

Also, an integrated traffic simulating system 
will facilitate the maintenance and support activi-
ties for two reasons: (a) With only one simulation 
system to maintain and support, these operations can 
be centralized; and (b) these activities can be 
automated to a large extent by using a' specialized 
"operating system". 

The creation of TRAF does not involve new model 
development, but the enhancement of what is regarded 
as the best traffic simulation logic available. 
This logic is in the form of modularized subroutines 
that are being stored in a master file. A program 
tailored to a particular application can be 
generated by an operating system that selects the 
needed subroutines, adjusts their dimensions, and 
integrates them. This flexibility will minimize the 
waste of computer resources because the programs 
contain only the user's selected features and dimen-
sions required by the desired 'applications. 

The models that are being integrated into TRAF 
are shown in Figure 2. The names of these component 
models consist of a prefix and a suffix. The pre-
fixes NET, FRE, and ROAD indicate urban networks, 
freeways, and two-lane, two-way rural roads, re-
spectively. The suffix SIM means microscopic and 
FLO macroscopic. 

NETSIM, the microscopic model for urban networks 
was created 10 years ago and has been almost con-
tinuously enhanced since then (3). Recently' it has 
been reprogrammed to conform to TRAF programming 
standards and further enhanced. 

The macroscopic models for urban networks and 
freeways, NETFLO and FREFLO, form a subsystem called 
TRAFLO; that is, the macroscopic portion of TRAF. 
NETFLO was developed according to TRAF programming 
standards, and FREFLO is essentially the existing 
MACK freeway model, reprogrammed and adapted to the 
TRAF environment. NETFLO is beginning its implemen-
tation phase, while FREFLO is going through enhance-
ment and testing. 

FRESIM, 'the microscopic freeway model, will be 
primarily the freeway portion of INTRAS (4), a 
microscopic freeway corridor model that has been 
tested and implemented. FRESIM will be enhanced and 
reprogrammed before becoming part of TRAF. 

Finally, ROADSIM, the microscopic two-lane, two-
way rural road model is basically the TWOWAF model 

Figure 2. Components of models that are being integrated into TRAF. 

Microscopic 	Macroscopic 

URBAN NE1WORKS 	NETSIM 	NETFLO 

FREEWAYS 	 FRESIM 	FREFLO 

TWO-LANE ROADS 	ROADSIM 	 - 

developed by the National Cooperative Highway Re-
search Program (5). It is being reprogrammed and 
integrated into the TRAF system. 

The TRAF operating system is shown in Figure 3. 
It is a computer program consisting of the following 
major components: 

A master file where the modularized subrou-
tines of the component models are stored; 

A file maintenance program that automatically 
modifies the content of the master file; 

A program generator that reads the features 
specified by the user, selects the subroutines that 
simulate these features, and forms an application 
program that satisfies user's specification; and 

A report generator that produces various in-
formative computer printouts. 

Development of Statistical Guidelines for Using 
Traffic Simulation 

The traffic simulation models of the TRAF system are 
not deterministic but probabilistic. This means 
that their program outputs have random variations 
that reflect the randomness of the events simulated. 

The variability of program outputs affects the 
practical applications of the models because it 
makes it difficult to characterize their statistical 
behavior. There are questions regarding the sta-
tistical aspects of traffic simulation that have 
never been properly answered, such as the following: 

For how long should a simulation program be 
run to produce the desired results? 

What is the level of precision of a simula-
tion model? How valid is a validated model? 

How can the outputs of the models be used to 
sUpplement field data? 

At present, a study is being conducted by FHWA to 
address these and other statistical questions. The 
product of the study will be a set of statistical 
guidelines for model application, which, it is 
hoped, will make traffic simulation more effective. 

Testing and Implementing TRAF System 

At present, there are no plans at FHWA for develop-
ing new traffic simulation models. A survey of the 
computer technology and prediction of computer de-
velopments in the near future is considered neces-
sary before the needs for new models can be deter-
mined and plans for their development formulated. 

Emphasis is now given to testing and implementing 
the models of the TRAF family; first as stand-alone 
programs and then as a system. The implementation 
of the TRAF system will be done gradually, starting 
with traffic simulation on urban networks and the 
macroscopic simulation of traffic on freeways. The 
next step will be implementing traffic simulation on 
the above facilities 'plus two-lane, two-way rural 
roads. Finally, the entire TRAF system will be im-
plemented--including the macroscopic freeway simu-
lation. 

Model Enhancements 

The integration of the various component models into 
the TRAF system is essentially an enhancement opera-
tion; no new model is being created. But in addi-
tion to the integration process, each of the com-
ponent models is being reprogrammed, which is an 
enhancement, and its conceptual design is being im-
proved. The NETSIM logic, for example, has not only 
been refined but it has also been substantially ex-
tended to simulate more complex traffic situations. 
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Figure 3. Elements of TRAF operating system. 
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Other traffic simulation model enhancements not 
included in the development of TRAF but performed, 
planned, or contemplated in the Office of Research 
are the following: 

Calibration, validation, and refinement of 
the FREFLO macroscopic freeway model; 

Improvement and updating of the traffic-actu-
ated signal logic in the NETSIM microscopic urban 
network model; and 

Incorporation of computer graphic capabili-
ties to the models of the TRAF system (graphic dis-
plays have been provided for NETSIM in studies spon-
sored by the Office of University Research, U.S. 
Department of Transportation, and their results have 
been very encouraging) 

Maintenance and Support 

Up to now, very little has been done by FHWA to 
maintain and support its traffic simulation models. 
The need for these activities was not perceptible 
until traffic simulation began to be successful and 
the models used outside FHWA. - The importance of 
these activities, however, is now being recognized, 
and we hope that much more emphasis will be placed 
on them in the future. 

CONCLUS IONS 

At the present time, a cycle of traffic simulation 
model development has been completed. Models able 
to handle virtually every traffic simulation need 
are now available. However, they have to be further 
tested, implemented, and enhanced so they can be 
more reliable, more efficient, and easier to use. 
They also have to be effectively maintained and sup- 

ported so that the benefits of their applications 
can be maximized. 

These existing models, with proper enhancements, 
will be probably useful until the end of this dec-
ade. Beyond this point there is reason to believe 
that the available computer hardware and software 
will be radically different from what existed when 
the models were developed and a new round of model 
development is likely to be needed. 
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Possible Futures for Traffic Simulation 
Paul Ross 

This paper discusses the ultimate future of traffic 
simulation--that is, what features will traffic 
simulation programs have 20, 30, or even 50 years 
from now? The statements made here are necessarily 
hypothetical and subjective. No apology is made for 
that; there just does not seem to be any other way 
to cover the Subject. 

In this discussion of the future of traffic simu-
lation, I will exclude ideas that are currently 
under development or planned. (See the paper by 
Radelat elsewhere in this proceedings.) This is not 
to say that no research is under way on these sub-
jects. Indeed, I am aware of pilot studies or pre-
liminary research on nearly all the features that 
will be described here. Nevertheless, it does not 
appear that many of these features will be incor-
porated into publicly released traffic simulation 
programs within the next five years at least. 

TRENDS IN COMPUTER TECHNOLOGY 

There are many things that will affect the future of 
traffic simulation. The most important of these 
will be the future of traffic itself. What kind of 
vehicular traffic will exist in the year 2000? 
smaller vehicles? larger vehicles? Will there even 
be individual vehicles? There certainly are con-
flicting trends in vehicular traffic at present, but 
it is far beyond the scope of this paper to sort 
them out. For the purposes of this paper, let us 
assume that traffic will not be radically different 
from a collection of individual vehicles as it is 
now. Let us further assume that no other changes--
except perhaps in computers and computer technol-
ogy--need to be predicted at this time. Such a re-
striction is necessary to limit the scope of the 
problem; otherwise, it would be necessary to deal 
with an impossibly broad topic. 

What, then, are the likely changes in computers? 
And how will these changes affect traffic simula-
tion? The following is envisaged. 

Mainframe computers will get bigger, faster, and 
more expensive. This is a simple extrapolation of a 
well-known current trend. The price per calculation 
will continue to go down, although not as rapidly as 
it has in the recent past. Since manpower costs are 
essentially negligible in computer calculations, the 
cost of an individual calculation will remain in-
sensitive to labor costs and will not rise in terms 
of real dollars. However, since the capital cost of 
individual mainframe computers will increase as 
their computing power increases, we will see fewer 
and fewer organizations able to afford the most 
powerful computers. 

Small computers will become more powerful, and 
powerful computers will become smaller. We already 
have computers with full abilities that are small 
enough to carry in a briefcase (although they are 
hardly pocket-sized yet) . The usual office will re-
place its typewriters with word processors that will 
be cheaper than typewriters--very much in the way 
that pocket calculators have driven the old mechani-
cal desk calculators out of the market. These word 
processors will have computational capabilities 
fully able to run traffic simulation programs. 

These devices might be better thought of as com-
puters that also do word processing but they are 
more likely to be justified on the budgets as office 
equipment than as laboratory equipment. The more- 

deluxe versions of the word processors on the market 
now already have the ability to do mathematical cal-
culations, and soon the cost of adding programmable 
scientific calculations will be just a few dol-
lars--the cost of a silicon chip. Soon we will be 
able to run NETSIM on our office typewriters. 

Public time-sharing services will excel at pro-
viding service to small or medium-sized organiza-
tions whose computing requirements fluctuate 
widely. One can easily visualize a small consulting 
company that needs negligible computing time except 
that once a week it runs a large simulation that re-
quires an hour or two of CPU time and a few mega-

- words-of -random-access--storage.- -Clearly it will not 
be cost-effective for such an organization to pur-
chase its own computer and it will have to turn to a 
public computer-sharing service. It will be in the 
interest of such a service to use the most powerful 
available computer in order to service as many cus-
tomers as possible simultaneously. Extraordinary 
demands will probably be satisfied on a batch-mode 
basis. 

Organizations with reasonably constant need for 
computing power will tend to buy their own in-house 
computer since they will be able to choose one to 
match almost exactly their individual requirements. 
These organizations will probably provide real-time 
operation on small computers or time sharing among 
several individuals on medium-sized computers simply 
because human time will be worth more than computer 
time. Batch-mode processing at night or on the 
weekend may be required for large jobs within such a 
setup. 

Every computer powerful enough to run a traffic 
simulation program will have some form of graphic 
output. As a matter of fact, the graphical devices 
will be cheaper than hard-copy printers. Liquid-
crystal matrix displays can be made without all the 
complicated moving parts that are inherent in hard-
copy printers. When cathode-ray tube or 
liquid-crystal displays become common, there will be 
no reason to restrict the outputs to alphanumeric 
characters and most output displays will have full 
graphic capabilities. So, eventually, the office 
typewriter will not only be able to compute, it will 
also be able to produce pictures. 

FUTURE DEVELOPMENTS 

How will the above trends in computer usage affect 
traffic simulation? The following are speculations 
about future developments. They are arranged in 
order with the most certain and immediate prospects 
first and the most speculative and remote ideas 
last. Indeed, experimental versions of the first 
three ideas are already in use; it is just that no 
development or release of a traffic simulation pro-
gram with these features is scheduled at the present 
time. 

Graphic Displays 

The surest thing is that simulation programs will 
make greater use of graphic displays. Since virtu-
ally all computer terminals will have a graphic de-
vice as its normal form of output, this development 
is inevitable. [The only thing that has held up the 
incorporation of graphics into NETSIM has been the 
fact that there is no common graphic language. The 
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language used for computer graphics depends on the 
make of the terminal; it is not like FORTRAN, which 
can be executed on virtually any brand of computer.] 

At first, NETSIM outputs will show such things as 
the queue lengths at all the intersections and 
various other forms of output information. Such 
displays will allow the user to grasp the overall 
operation of a network at a glance, which will be 
much quicker and more meaningful than wading through 
the reams of computer printout that are now pre-
sented. 

Graphical output will be followed by graphical 
displays of the simulation program in operation.. 
Pictures of little cars running around the network 
are generally thought to be a good public relations 
tool. That is, they are the kind of thing one likes 
to show when explaining one's results to a somewhat 
dubious committee of nonexperts. Animated operating 
displays are certainly useful for such explanations, 
but they are even more useful to the practitioners 
themselves. There is no more certain way to find 
mistakes in the input than to look at how the com-
puter thinks the system is supposed to operate. 
Left turns coded as right turns or obvious mistakes 
in signal phasing stand out immediately. The tech-
nology to show full animation has been available for 
only a few years and is currently very expensive. 
However, it is certain to become cheaper and, over 
the time span we are considering, should become 
readily available. 

Interactive Calculation 

Traffic simulation programs will usually be inter-
active. That is, the operators will be able to in-
terrupt the programs during execution and change 
various parameters. This interactive ability will 
be a natural outgrowth of the use of graphic termi-
nals. Widespread use of graphics will, by itself, 
lead to more interactive programs. While it is pos-
sible to run a program in batch mode and then look 
at the outputs generated by the computer sometime 
later, this is not a convenient or natural way to 
use computer graphics. With graphic displays it is 
natural to have the computer instruct the display 
device to draw some complicated picture and then 
await confirmation that the picture was indeed drawn 
before proceeding with the next calculation. Con-
sequently, it is a very small step to allow the 
operator to interrupt and change the program since 
the computer is waiting for a response from the ter-
minal anyway. 

With a time-sharing option, or dedicated opera-
tion on a small computer, at least some small amount 
of interactive computing seems inescapable. At a 
minimum, the program will analyze the input data and 
inform the operator of obvious errors before he or 
she leaves the terminal. A simple program could 
operate this way but we will soon see programs that 
ask the operator for input data in plain English and 
analyze it item-by-item for obvious errors and con-
sistency with previous data. The operator will be 
informed of problems before his or her attention has 
moved on to the next data item. 

Until graphic devices become common, this may be 
all the interactive capability that will be useful. 
But once the operator can see how the entire network 
is operating at a glance from some animated operat-
ing display, he or she will want to be able to con-
trol that operation. Adding interactive abilities 
during program execution will be natural. 

On-Line Simulation 

The interactive and graphic display features will 
lead to "on-line simulation" for traffic control 

systems. On-line simulation refers to a service 
provided to operators of computer traffic control 
systems. With this feature the operator, at the 
touch of a button, will start an interactive graphic 
simulation running. The program will start with 
initial conditions that are identical to those that 
are Current in the real network at the time the but-
ton is pushed. If the program runs four or five 
times as fast as real time, the operator will be 
able to foresee events in his or her actual network 
and possibly test alternative strategies. 

There are a myriad of cases where such ability 
would be useful. One example is a situation in 
which an accident completely closes a network link. 
Even if the control algorithm is able to provide an 
appropriate response to such a traffic situation, it 
will be useful to foresee how the traffic distur-
bances will propagate so that police can be dis-
patched appropriately and, perhaps, news media noti-
fied of impending congestion at critical locations. 

The ultimate stage in on-line simulation will be 
a program that runs Continuously and checks itself 
against the real traffic. In this way, the simula-
tion program can adjust itself to changes in the ve-
hicle mix and driver behavior without any human 
intervention. 

Data Acquisition 

As users of NETSIM and other microscopic simulation 
programs know, input preparation and data collection 
are inordinately tedious and expensive. There is a 
very real need for "automatic input" to such simula-
tion programs. Automatic input here means providing 
accurate geometric data (such as link lengths, 
grades, and corner radii) and traffic data (volumes, 
turning movements, and traffic composition) with 
little or no human intervention. 

For a start, it is suggested that aerial photo-
graphs projected onto a digitizing tablet would be 
quite useful. Link geometry could quite accurately 
be entered just by touching origin and destination 
nodes. Corner radii could be entered if needed. A 
single aerial photograph is not much use in estimat-
ing volumes, but the simulation programs could be 
easily written to use density (vehicle/mile) in-
stead. Input that starts from cars at specific lo-
cations throughout the network would have the add i-
tional advantage that no initialization period would 
be needed before the simulation results are valid. 
A great majority of the input, now required for the 
NETSIM program could be entered just by touching 
points on a digitizing tablet. While this would re-
quire substantially different forms of data input 
processing, the basic principles of NETSIM operation 
would not be affected. The technology to do all 
this is available now. 

This procedure might correctly be termed semi-
automatic input because a human operator must par-
ticipate by pointing out the nodes, cars, trucks, 
corner radii, etc., to the computer. Is there a 
possibility of more-nearly-true automatic input? 
Yes, Sensor for Control of Arterials and Networks 
(SCAN) technology could be adapted to a completely 
automatic input system (1). SCAN is a television-
based detector system in which the computer 
identifies the images of moving vehicles and tracks 
them over space and time. This technology could be 
adapted so that aerial motion pictures could be 
analyzed and virtually all the simulation input 
could be assimilated into the computer without human 
intervention. The SCAN detector could pick up the 
network geometry, volumes, and turning movements 
automatically. In effect, all we would have to do 
would be show the computer a movie of the network 
operation and the computer would be able to simulate 
it. 
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Integrated Simulation 

Finally, all these features will be integrated to 
produce full, citywide simulations. Such programs 
will be fully microscopic (as NETSIM now is). We 
will show the computer an aerial motion picture and 
the computer will identify all the fixed and the 
moving objects. It will be able to classify the 
moving objects automatically as small, medium, or 
large automobiles; trucks; transit buses; school 
buses; fixed-rail transit; etc. It will even, if so 
ordered, identify all the pedestrians. After iden-
tifying these objects, it will deduce the origin-
destination table for each class of moving object. 
The program will deduce the acceleration-decelera-
tion curves for each class of object and the distri-
bution of headways for "followers." 

In short, the computer program will be able to 
assimilate all the information that it needs to run 
a complete simulation of everything that moves in a 
whole city--all the statistical distributions and 
all the adjustable parameters. It will measure 
these quantities and not merely assume characteris-
tics measured in some other city. 

The graphic output from this citywide simulation 
will be extraordinarily lifelike. Computer tech-
niques already exist to identify and manipulate ele-
ments of pictures while maintaining photographic 
realism. The simulation program will identify the 
fixed-background photograph and maintain it con-
tinuously on the output display. The simulation 
program will also have identified which photo ele-
ments represent cars, buses, trucks., trains, pedes-
trians, dogs, cats, etc. The output will have these 
photo elements superimposed on the fixed-background 
picture and moving in lifelike ways. When the simu-
lation program generates a new vehicle it will rep-
resent it in the output with a photo element chosen 
at random from those photo elements that were iden-
tified as being members of the same vehicle class. 

CONCLUS ION 

None of this is particularly visionary. The tech-
niques to accomplish all of these things already 
exist--although in cumbersome and expensive experi-
mental forms at present. It is not a question of 
"Can these things happen?" They can. There is no 
doubt about that. 

Will they happen? Yes, probably. As long as 
there are research programs. 

Will any of these techniques become common? That 
is pure guesswork. It depends on so many things: 
government regulation, economic climate, public con-
cern. We will not discuss how common these tech-
niques will become; this paper has been speculative 
enough without going into those matters. 

However, we can briefly speculate about items 
that will not become popular, although they are 
known to be feasible. For instance, a traffic simu-
lation language will probably never become popular. 

General simulation languages such as SIMSCRXPT and 
Q-GERT serve a real need for persons who have to 
simulate unique operations, but there are not enough 
persons working in traffic analysis to support a 
comprehensive traffic simulation language. More-
over, traffic situations do not vary so much that 
they cannot be all encompassed in a single program. 
It is hard to define the dividing line between what 
is a "program" and what is a "language". A very 
general and flexible program could be regarded as a 
language by some persons. Certainly traffic simula-
tions will become more general and flexible but the 
effort to keep them easy to use will maintain their 
identity as programs, not languages. 

Finally, I believe that the best simulation pro-
grams will not incorporate optimization. Of course, 
the optimization programs that are already in use do 
incorporate some form of simulation or evaluation. 
However, they are not the most accurate forms of 
evaluation and there are reasons why they cannot be. 

The most efficient forms of mathematical pro-
gramming, such as linear programming, require that 
the system model have certain mathematical simplifi-
cations. (Linear programming, for example, requires 
that the model must be piecewise linear and the re-
gion of feasible solutions must be convex. Other 
techniques require other restrictions.) The optimi-
zation methods that use only the model output and 
make no assumptions about the form of the model 
(hill-climbing or other gradient methods) are in-
herently inefficient and cannot guarantee a global 
optimum. It is beyond the scope of this paper to 
argue why the best simulation models will always be 
microscopic in character, but it is obvious that a 
microscopic simulation program cannot be used with 
an efficient and accurate optimization technique. 
Therefore, accurate and efficient traffic system 
optimizations are inherently impossible and there is 
no point in even trying to use the best evaluation 
models. Equal accuracy can be achieved by using 
simple, but good, models and quick and accurate 
optimizations. On the other hand, it is likely that 
in the future all signal optimizations will be done 
on-line. 
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Workshop Sessions-1: 

Application of Simulation 

Models by Different User Groups 

Workshop 1: Program Managers and 

Administrators 

(Leader, Thomas Maleck; Recorder, Ryerson Case) 

The purpose of this workshop was to discuss the use 
of simulation models, especially NETSIM, from the 
administrator's perspective. The participants were 
requested to share the results of their work ex-
perience in simulation modeling. Subsequent dis-
cussion centered on the use of TRANSYT and NETSIM. 
The participants felt strongly that the need for 
modeling transportation systems is here to stay and 
destined to grow rapidly. The results of several 
case studies were discussed, along with many of the 
advantages and disadvantages of modeling. The dis-
cussion was limited to (a) NETSIM is a good objec-
tive tool for evaluating competitive alternatives, 
equally supported by different disciplines or en-
tities; and (b) NETSIM and TRANSYT are cost-effec-
tive means of assessing alternative signal timing 
strategies and for generating optimal timing plans 
in terms of the potential saving to the traveling 
public. 

WHAT ARE USERS' IMPLF14ENTATION AND SUPPORT NEEDS? 

The principal concern of the participants was the 
resources required to implement a traffic simulation 
model. The burden consists of computer hardware, 
implementation of software, training of personnel, 
cost of data collection, and maintenance of soft-
ware. The maintenance of a computer model and its 
numerous revised versions was debated extensively. 
It was concluded that maintenance of the model 
should be coordinated or done by a central agency, 
which could be government or a private contracting 
consultant. 

Communication linkages among users are also 
highly desirable and require central support. 
Highly transportable computer languages are desir-
able. Although FORTRAN and COBOL are transportable, 
the feasibility of using higher-order languages, 
such as PASCAL or ALGOL, is questionable. 

The time required to access new programs often 
takes one or two years after the model is accepted 
by the federal government. FHWA is concerned that 
the model be thoroughly tested before its release. 
It does not want the existence of the usual bugs to 
discredit the model, or result in the implementation 
of a less-than-desirable alternative. The users be-
lieved that there is a lack of appreciation of the 
ability of experienced users to recognize and cor-
rect deficiencies. They believed that the earliest 
possible access to improved models is desired. It 
was suggested that FHWA release early versions of 
new models to selected universities and experienced 
users for testing and implementation. A disclaimer 
would then be necessary. This procedure should not 
discredit the model, or lead to making it opera-
tional too soon. 

Many models released by FHWA have been revised 
significantly by users and numerous versions are 
available. It was the consensus of the participants 
that users who revised the model must also bear the 
responsibility of supporting the revisions and pro-
viding adequate documentation. 

WHAT NEGATIVE FEATURES RESTRICT USE OF MODELS? 

Several of the participants were concerned that 
NETSIM is not 'user friendly". It is too difficult 
and limited in the input and output facilities. The 
"forms display" procedure developed by the Michigan 
Department of Transportation was cited as a desir-
able means of inputting data. Graphic procedures 
were also suggested. A menu that allows the users 
to select the output MOEs to suit their needs should 
be provided. 

The time required to access new versions was 
again discussed and deemed a negative aspect of 
simulation models. The users do not want the object 
version of new releases, as is the case with the ur-
ban transportation planning system (UTPS) package. 

The need for simulation modeling is not appreci-
ated by top management. There is concern that 
strong federal support is needed in this area and 
should not be diminished. 

A negative feature discussed was the existence of 
numerous acronyms used in naming models. This is 
confusing. Only the latest versions of the model 
should be supported. 

WHAT AREAS NEED IMPROVEMENT? 

A simplified method of labeling the various models 
is needed and documentation should be limited to the 
latest version. Efforts should also be spent to 
help establish the credibility of computer modeling 
among program managers and administrators and to 
justify adequate budgeting of funds for further 
development and support. Many models are incompat-
ible and effort should be made to provide a com-
monality of data input and output formats. There 
should also be a standardization of nomenclature. 

Participants suggested that the Transportation 
Research Board express to FHWA its concerns for the 
current need of simulation models and their probable 
increased future demand. 

Workshop 2: Developers, Researchers, 

and Teachers 

(Leader. William R. McShane; Recorder, Carroll J. Messer) 

The workshop for developers, researchers, and 
teachers examined four key areas related to the ap-
plication of simulation models: 

Education and training, 
Assessment of NETSIM, 
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Key issues, and 
Themes of special note. 

It should be noted that of the 16 participants, 5 
classified themselves as developers by virtue of ex-
tending or adapting NETSIM, 13 as researchers by 
virtue of their applications, and 13 as teachers. 
Twelve had used NETSIM; four had not. 

EDUCATION AND TRAINING 

Most faculty members present had exposed students to 
NETSIM, primarily in project work or thesis and dis-
sertation applications. Several used it as a learn-
ing experience in which the student was expected to 
learn its use independently. This approach was 
generally thought to be good--in the context of 
these motivated students. 

Actual classroom lecturing on NETSIM was general-
ly limited, particularly at the graduate level. One 
or two hours of exposure of a survey nature was 
generally all that was devoted to NETSIM. The need 
for covering fundaitentals and limited lecture time 
in a balanced program were cited as key factors in 
this emphasis. For practicing engineers, it was 
agreed that a hands-on, multiday workshop would be 
most appropriate. 

The arrival of a new generation of engineers into 
the profession, a generation comfortable with com-
puters and oriented to their use, was cited as a 
positive factor leading to greater use of such tools 
as NETSIM and other simulation models. 

ASSESSMENT OF NETSIM 

NETSIM is generally looked on as a powerful and 
valuable tool, one in which many of those present 
had faith. The success story reported by the Michi-
gan Department of Transportation was well received 
and was found to be impressive. At the same time, 
it was noted that NETSIM has not "caught on" in a 
similar fashion in other states. It was noted that 
each state or region focused on an advocate of the 
model by working closely with local people (e.g., 
SOAP in Florida, PASSER in Texas, and FREQ in Cali-
fornia). The exposition of working models to the 
profession, including the educational exposure cited 
above, was seen as a key contribution to the long-
term growth in use and acceptance. 

Specific experiences and concerns with NETSIM are 
addressed in the next section. More general themes 
are addressed following that. 

KEY ISSUES 

Five key issues were identified in the discussions: 
validation, credibility, technical problems, ad-
ministrative problems, and degree of accuracy. 

Validation 

Much concern was expressed that the initial NETSIM 
(i.e., UTCS-l) validation was rather limited and is 
a poor foundation for the role now being played by 
the model. These fears were somewhat alleviated by 
the fact that several users present had actually 
validated NETSIM for some of their own applica-
tions. However, it was clear that the new user or 
potential user must be informed of the breadth of 
validation done. It should, therefore, be cata-
logued. 

Credibility 

The question of credibility is twofold: 	(a) Does 
the user believe and accept NETSIM as a valid and 

accurate tool? and (b) Does the client or higher-
level administrator or public accept its use? 

Regarding the first question, we must simply note 
that many of those present have used NETSIM. While 
they have discovered problems or limitations, they 
want to improve or adapt NETSIM, not abandon it. 
New users can be won with success stories, case 
studies, clear documentation, and a good model, with 
good support and evidence of its value. 

Regarding the second question, it was noted that 
there is initial resistance, but that many will ac-
cept "computer results" with a strong credibility. 
This is sometimes a special asset, because, as one 
participant put it, "It is not just what good you 
do, but what good people think you do." Thus, such 
models can actually add to the credibility and ob-
jectivity of a project. 

Technical Problems 

Although detailed discussions about technical prob-
lems were generally left to another workshop, 
several items were noted. The dependence of NETSIM 
on a single random number string, rather than a dis-
tinct string for each major function (each with its 
own seed number) was identified as a substantial 
weakness. It was felt that it compromised the va-
lidity of pair-wise comparisons. The left-turn im-
pact on through vehicles was noted as a special 
problem. This is directly traceable to an unrealis-
tic rule for lane changing of through vehicles ap-
proaching in a lane blocked by a prior vehicle 
awaiting a turn opportunity. The existing NETSIM-
actuated logic was thought to be too limited. At 
the same time, the need for good logic and good ac-
tuated modeling was found to be critical. An up-
dated set of factors for both fuel consumption and 
emissions is needed. 

These improvements were seen as adding to the 
value of an existing desirable and useful model. 
Their applications, such as modeling intersection 
noise via NETSIM (now being done), were also noted. 

Administrative Problems 

Two problems were of special concern. First, 
NETSIM, as currently modified, is what is released 
to users. In principle, it is possible that two 
users receiving tapes from FHWA a month apart will 
receive (slightly) different versions without know-
ing it. Some systematic, regular, update and prior-
user notification would be appropriate. Second, the 
long lag for implementation of needed improvements 
was a matter of great concern. The cited 12- to 
18-month lag before the "new NETSIM" of TRAF 1.5 is 
available to users was of concern. Furthermore, it 
is likely that this new NETSIM would still lack the 
critically needed actuated logic. An accelerated 
schedule and a systematic, regular updating are 
needed to meet user needs, gain model credibility 
and allow users to "sell" it with confidence to 
their management. 

Degree of Accuracy 

The issues of relative accuracy as needed in alter-
native comparison versus absolute accuracy as needed 
in validation were discussed. The question of sig-
nificant differences versus percentage differences 
was noted. No resolution was reached in this work-
shop. 

TH1ES OF SPECIAL NOTE 

Several important themes or judgments were identi-
fied and deserve special consideration. 
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The actuated logic is quite important to many 
users, especially in such states as California and 
Texas. It is questionable whether it makes sense to 
release TRAF 1.5 without such logic. 

The selection of appropriate models is quite 
important. For many evaluations, TRANSYT may be 
quite sufficient and appropriate. It is faster and 
easier to use, but is of course a different tool. 
The promulgation of both TRANSYT and NETSIM by FHWA 
was noted. 

The need to convince key administrators at 
the highest levels of state and local departments of 
transportation and traffic engineering operations 
departments of the value of simulation and computa-
tional models, properly applied, was identified as a 
key need. With a policy decision made, engineering 
staffs can be properly trained by standard short 
courses, etc. A plan for such key-management pre-
sentations is needed, perhaps including a short 
movie or primary visuals. 

Workshop 3: Consultants 

(Leader. Duncan Allen; Recorder, Ann Muzyka) 

This workshop was intended to share information, ex-
perience, needs, and problems of consultants with 
respect to the use of NETSIM and other traffic sim-
ulation models. The workshop participants repre-
sented nine consulting firms in the traffic engi-
neering-transportation planning field and included 
persons with varying levels of experience with 
NETSIM. 

The initial diácussion indicated that use of 
NETSIM by consultants was fairly limited (4 of 13 
participants had made use of the program in consult-
ing work). Subsequent discussion was directed to-
ward determining some of the reasons for this 
limited use, and possible corrective actions. 

MAJOR OBSTACLES TO INCREASED USE OF NETSIM 

A number of possible reasons for limited consultant 
use were advanced, but the most frequently mentioned 
were high cost and limited applicability. A survey 
of the participants was conducted to estimate the 
relative importance of these factors. The results 
appear in the table below: 

Most 	Second in 	Third in 
Reason 	 Important Importance Importance 
Limited 	 7 	 2 	 4 
applicability 

High start-up 	6 	 2 	 5 
cost 

High on-going 	0 	 9 	 4 
Costs 

Consultants with NETSIM experience tended to con-
sider limited applicability the major obstacle; 
typical of their remarks was, How often do I need a 
microscopic model? Consultants who had not used 
NETSIM had a stronger concern about the Costs of ac-
quiring working knowledge and, to a lesser extent, 
operating the program. 

An effort was made to determine where in the con-
sultant's decision-making processes these obstacles 
were encountered. In a competitive for-profit en-
vironment, this process is of necessity highly 
oriente8 toward providing cost-effective results. 
The selection of appropriate analytical tools is 
generally done for each individual solicitation or 
proposal, and proceeds as follows: 

I. Identify the types of alternatives to be com-
pared; most consultant work consists ultimately of 
recommendations for selecting among alternatives. 

Identify whether candidate techniques offer 
MOEs appropriate for choosing a recommended alter-
native. 

Identify whether candidate techniques can 
represent the differences between alternatives as 
variable input, or secondarily, as an easily modi-
fied embedded parameter or subroutine. 

Verify, insofar as possible from model docu-
mentation or prior experience, that assumptions 
about the process being modeled are not at variance 
with current understanding or field data. 

Estimate' the cost of applying candidate tech-
niques for the particular project. 

NETSIM, or any other model, may be excluded from 
further consideration at several points in this pro- 
cess. The output available from NETSIM is not a 
problem, as many techniques and models produce the 
same MOE5. Some concern was expressed as to the ac-
curacy of the fuel consumption model, but this was 
not used by all consultant users. 

The input Options and processing assumptions 
(points 3 and 4 above) are where the determination 
of NETSIM's applicability is made. Consultants are 
often asked to evaluate new types of transportation 
alternatives (e.g., pedestrian progression, TSM, in- 
formation and signal control plans, enforcement 
strategies) for which appropriate models may not be 
available. Consultants understand that modifica- 
tions to major software tools cannot be requested 
for every individual difficulty as it arises and, 
therefore, turn to independent program modifica- 
tions, alternative models, or home-grown software. 
It is important to realize that the consultant user 
is often his or her own system analyst and pro-
g rammer. 

It was also felt that a lack of thorough knowl-
edge of NETSIM's capabilities may also limit use and 
contribute to decreased use. This was felt to be 
attributable in part to documentation problems. 

The second point where NETSIM is often abandoned 
is at cost analysis (number 5 above) . 	Generally 
speaking, an alternative approach will be adopted if 
it is effective and offers significant start-up or 
ongoing cost savings, or even a predictable upper 
limit on total cost. Smaller consulting firms are 
particularly concerned with the cost of acquiring 
working knowledge for bidding purposes, estimated at 
upwards of $5000, when applications appear limited, 
and the expertise may atrophy with disuse or move 
elsewhere. There is also a general awareness that 
microscopic simulations are expensive to operate and 
often require outside computer resources. Compari-
sons are unavoidably made with macroscopic models 
and in-house mini or mic rocompute r -based approches. 
The net result is that NETSIM may not be used even 
when it is the only known model applicable (e.g., 
for uncoordinated signals or bus signal priority). 

STEPS TO INCREASE USE 

A number of specific developments relative to NETSIM 
that could improve perceived applicability and cost 
were identified. They include 

1. Improved program documentation as follows: 
(a) an improved discussion of program logic, includ-
ing an example, along the lines of Robertson's 
TRANSYT User's Guide; (b) an explicit table of em-
bedded parameter values and the subroutines that em-
ploy them; and (c) additional material on a systems 
level (e.g., programmer's guide) and suggested con-
figurations for RJE; 
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Dissemination of the costs of extensive 
benchmark applications of NETSIM versus other models; 

Development of enhanced input preparation 
features; and 

Improved program support, including a "hot-
line"; practicing consultants would not be in favor 
of contracting the support task to a potential com-
petitor. 

OTHER DEVELOPMENTS 

A number of possible developments discussed at this 
conference were also addressed. 

Graphics output was viewed with mixed feelings. 
Consultants are used to dealing with printouts and 
ultimately make recommendations based on quantities 
(MOE5), so that graphics output is not strictly 
necessary. A need was seen for directed research to 
produce displays that can effectively compare entire 
alternatives, rather than representations of sim-
ulated operations. 

Linkage with traffic assignment was also dis-
cussed.' There is a perceived continuing need for a 
microlevel assignment and evaluation capability, but 
doubts as to whether an interface between existing 
programs (e.g., UTPS/NETSIM) is a desirable ap-
proach. It was noted that due to their success with 
TRANSYT, some consultants are looking to the Trans-
port and Road Research Laboratory and the United 
Kingdom for this type of capability (e.g., CONTRP.M). 

"New" NETSIM (TRAF) appears to incorporate many 
useful improvements. There was some concern ex-
pressed that TRAF perhaps might become as ungainly 
as UTPS and be difficult to modify independently 
when required. 

CONCLUS ION 

The workshop concluded that the major obstacles to 
increased use of NETSIM by consultants were per-
ceived limitations to applicability and high costs. 
These could be addressed by changes in documentation 
and support, as well as by program update. Careful 
research should go into the development and promo-
tion of the TRAP package and graphics outputs. 

Workshop 4: Traffic Engineers Involved in 

Operations and Geometrics 

(Leader, Herman E. Haenel; Recorder, David B. Richardson) 

Simulation models such as NETSIM, FREQ, and TEXAS 
have primary applications to traffic operations and 
geometric design. The models permit the traffic and 
design engineer the opportunity to model the traffic 
problem and analyze alternative possible improve-
ments. The workshop group involved in operations 
and geometric design shared information on applica-
tions and needs for applying the NETSIM model and 
other simulation models. (Reports on the applica-
tion of NETSIM and TEXAS for intersection-related 
traffic problems are also included among the con-
tributed papers in this publication.) 

APPLICATIONS 

Several applications involving simulation models 
were discussed. These included the following:. 

1. A comparison of the TRANSYT and SIGOP models 
using NETSIM by the University of California at 

Berkeley and the Texas State Department of Highways 
and Public Transportation (both agenices reached the 
same conclusions independent of each other and 
decided to support the TRANSYT model); 

A áomparison by Texas of a fixed-time and 
traffic-responsive signal system using NETSIM, which 
resulted in a discussion to install the traffic-re-
sponsive model; 

The utilization by Texas of the FREQ computer 
model to analyze future possible freeway develop-
ments (the results of the model were used as part of 
an analysis for determining which improvements were 
most cost effective) ; and 

The utilization of the TEXAS and NETSIM 
models for analyzing several intersections; the 
TEXAS model was used by the city of Richardson, 
Texas, and NETSIM was applied in Fairfield, Cali-
fornia (it was concluded that simulation models are 
tools that can be used to support and verify traffic 
engineering analyses and that their consistent suc-
cess affirms their reliability in analysis of traf-
fic-related problems) 

There is a need to be judicious in the applica-
tion of simulation models, however. As an example, 
the NETSIM model must be run several times in an 
analysis to obtain an average condition. The re-
sults of each run are a sample (or data point) of a 
distribution of results. This is due to the use of 
random sample numbers that cause traffic to respond 
differently on each run as is the situation in real 
life. Further, the smaller the study area (i.e., an 
intersection), the larger the number of runs re-
quired. Also, more runs are needed where the re-
sults of two or more possible solutions are close to 
each other. 

COST-EFFECTIVENESS OF MODELS 

Simulation models such as NETSIM become more cost 
effective as use for the study of a particular prob-
lem increases. For example, the analysis of many 
possible solutions at an intersection (i.e., pave-
ment widening, channelization, and signal phasing) 
makes the study more economical than a manual study 
of the same variables. 

Also, it is desirable to maintain a file of the 
problems studied. Toronto maintains an intersection 
data base file and other computer input for a simu-
lation model for the area. As conditions change, a 
quick analysis can be made by using the original in-
put with the new data base input (i.e., changes in 
turning movements and increased volumes) to deter-
mine if modifications are needed at an intersection 
or along a street. 

UTILIZATION NEEDS 

The following five basic needs were defined by the 
group. 

There is a need for providing implementation 
support in placing simulation models in the various 
makes of computers. There are several makes of com-
puters and each make has unique features in the ap-
plication of FORTRAN. Many agencies do not have 
qualified personnel available to implement simula-
tion models. It was also pointed out that larger 
cities 'find it desirable to implement computer 
models on their own computer. 

There is a need to enable small cities to 
have an opportunity to use NETSIM and other simula-
tion models. Texas provides access by cities to its 
computer for timing traffic signals that are pri-
marily on the highway system. This is carried out 
through the use of computer terminals located at 
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each of 25 district offices. Improved traffic-sig-
nal timing is being obtained with this approach. 
Increased utilization of computer simulation models 
could be attained with an approach where cities 
could have access to a large, central computer 
through the use of computer terminals located within 
their offices. This possibility, as well as support 
by the states, needs to be studied. 

An agency needs to assign one or more full-
time persons to apply the simulation and 
optimization models. There is also a need to con-
sider the use of NETSIM and other models in analyz-
ing traffic-related problems and timing traffic sig-
nals. Persons using the computer models on a 
regular basis can do so quickly and accurately and 
can be knowledgeable as to which model to apply. 

There are limitations to the size of the 
NETSIM model. Problems have arisen with the limited 
number (1600) of vehicles that can be processed by 
the computer model. There is also a need to in-
crease the number of links that can be serviced. 
The NETSIM model has many uses and is of suitable 
size for the majority of applications, but there is 
a need from time to time to expand the size of the 
model. A modular approach' may be best suited for 
expanding the model when necessary. 

Consideration should be given to "humanizing" 
the computer and making it more friendly to the user 
such as through the use of English language entry 
and graphics. This approach makes the use of the 
computer more inviting to the engineer and planner. 
It can also make it easier for the user both in the 
input and output analysis stages of the model use. 

CONCLUSION 

The NETSIM model and other computer models are con-
sistently providing good results for the engineer 
who uses them properly. The results (output) ob-
tained from these models are being accepted by ad-
ministrators and the public. The increased avail-
ability and ease of use will continue to expand the 
application and acceptance of these models. These 
two factors will benefit the user and, ultimately, 
the public through improved operations and cost-ef-
fective use of manpower and funds. 

Workshop 5: Traffic Engineers Involved in 

Planning and Transit Operations 

(Leader, David A. Berridge; Recorder, DaIlasW. Hildebrand) 

This workshop identified the needs and applicability 
of using traffic simulation models as part of the 
planning process and their possible uses in analysis 
of transit operations. The existing uses of NETSIM 
in these areas, the advantages and disadvantages of 
using microscopic network simulation, and the need 
for further support in implementing and utilizing 
traffic simulation as part of the planning process 
were also explored. 

Participants felt that the existing planning 
models--for example, UTPS--were adequate models for 
traditional uses. These models are limited to 
macroscopic analysis and are becoming inadequate to 
address todays needs for detailed analysis. The 
emphasis in the planning process has expanded to in-
clude more than just the regional planning level. 
These needs include windowing critical sections of 
the region identified by the macroscopic analysis 
for more detailed evaluation. The process has ex- 

panded to include the interactive process of re-
evaluation of system impacts based on improvements 
in the overloaded areas of the network. Transporta-
tion planners are becoming increasingly involved in 
TSM at the corridor level, which requires better as-
sessment of HOEs for evaluation purposes. Thus, 
microscopic analysis has become increasingly im-
portant in the planning process. 

Two basic levels of analysis currently exist. A 
coarse-grain analysis at the macroscopic level, 
which is adequately handled by the use of planning 
packages similar to UTPS, and more detailed level of 
fine-grain analysis at the microscopic level are 
treated with simulation models similar to NETSIM and 
TRANSYT. There is a gap between the existing models 
and their level of detail, and this gap must be 
filled. Two possible models currently under de-
velopment have the potential to fill this gap. They 
are the TRAFLO package and the UROAD-MICRO package. 
These models are being developed and are based on 
the identification by users at both ends of the 
spectrum for the need of some type of intermediate 
level of analysis. 

Traffic simulation models, and NETSIM in particu-
lar, are currently being used for several different 
types of planning and transit analyses. They include 

TSM at the corridor level; 
Alternatives analysis including geometric de-

sign and signal upgrading; 
Transit operations analysis including direc-

tional flow bus lanes, contraflow bus lanes, bus-
preempt signal systems, and signal progression for 
buses; and 

Evaluation of pedestrian midblock signals. 

NETSIM offers many advantages over existing 
planning models. It provides a fine-grained micro-
scopic level of analysis that the existing planning 
models do not. The program also provides standard 
MOE5 that make alternatives analysis easier for the 
transportation planner. 

NETSIM has the capability to simulate the opera-
tion of buses. The program also takes into con-
sideration the interaction of buses with the traffic 
stream and the impacts of buses on the normal traf-
fic stream. It requires an extensive amount of in-
formation about the operation of the buses. This 
bus information is easily entered into any existing 
network that has been previously coded for normal 
simulation. Bus routes are easily altered; there-
fore, it makes NETSIM an ideal tool for evaluation 
of bus route alternatives. 

NETSIM also offers advantages over TRANSYT. 
These advantages include the ability to model • the 
build-up and dissipation of queues in the traffic 
stream, the ability to model system degradation at 
or near capacity, and the ability to integrate buses 
with the normal traffic stream. These advantages 
are not without associated costs. These costs are 
far more extensive computer requirements. However, 
when one evaluates the costs of the computer time 
with the Cost of implementing a proposal that is not 
an optimal solution, the benefits outweigh the costs. 

When NETSIM is compared with existing planning 
models, there are several disadvantages that must be 
noted. NETSIM requires more extensive data than 
traditional planning models. This requires addi-
tional effort in data gathering at the planning 
level and also has the potential to make existing 
planning networks obsolete because there is no 
existing interface with the traditional planning 
models. Todays budget limitations make further 
data acquisition and network conversions difficult. 
The current output capabilities for NETSIM are 
limited. The ability to segment certain portions of 
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the network for comparative analysis is impossible. 
In large networks this feature would be valuable to 
evaluate subsystem changes independent of the entire 
network. 

There are several requirements to be met before a 
program such as NETSIM could be used on a regular 
basis. The major problem is the nontransferability 
of the model to many existing computer systems. 
Every program of this magnitude would require some 
minor modifications due to the differences in com-
puter systems. However, because the program is cur-
rently written for one specific machine, the modifi-
cation process is more extensive. Transferability 
becomes far more difficult with certain computer 
systems. Any time a program such as NETSIM is used, 
it requires extensive training. Some level of 
training should be provided at the national or local 
level to expose practitioners to the capabilities 
and applicability of the program. 

A program such as this requires that the users 
have some method of communication. It is invaluable 
for users to trade information and analysis tech-
niques. Some type of newsletter should be estab-
lished for this purpose. Responsibility for co-
ordinating such a newsletter should probably lie at 
the national level, either with FHWA or the Insti-
tute of Transportation Engineers. In addition to  

supporting a newsletter, someone must also be re-
sponsible for maintaining, updating, and debugging 
the program. This work could be done by FHWA. 

If NETSIM is to be used in the planning process, 
some type of interface must be developed between the 
planning model at the regional level and the micro-
scopic analysis performed by NETSIM. This would re-
quire the ability of NETSIM to be segmented for use 
with larger networks. The planners also require en-
hanced outputs for evaluation purposes. These en-
hancements include graphic output displays for use 
by the policymaker, for public presentation, and for 
the practitioner to better understand the network 
performance. 

This workshop recommended increased support of 
NETSIM at the national level and formation of a 
users group to allow for exchange of ideas, prob-
lems, and solutions. FHWA is encouraged to complete 
and implement the TRAF package because this program 
has the capability to span the gap between micro-
scopic analysis and macroscopic analysis. An inter-
face should be developed between UTPS and the TRAF 
package to provide for sequential analysis. This 
would help minimize time and staff requirements 
needed to code separate networks for different 
levels of analysis. 
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Workshop Sessions—Il: 

Technical Issues in Simulation 

Modeling and Application 

Workshop 6: User Training 

(Leader. Ann Muzyka; Recorder, David A. Berridge) 

This workshop served as a forum for the design of a 
user training program in the application of traffic 
simulation models. These models were developed by 
FHWA for use by the community of transportation 
analysts. The objective of the meeting was to pro-
duce the best program for implementing this tech-
nology transfer. The participants included state 
and city transportation officials, university re-
searchers, and consultants with extensive experience 
both in using and in training others to use the 
NETSIM model'. 

Many technology-transfer programs have been com-
pleted and have not achieved the results expected. 
Therefore, the workshop plan was to examine the 
nature of these training courses and to identify the 
elements responsible for their failure. It was 
agreed that the usual two- or three-day course of 
in-depth lectures that attempt to exhaust the sub-
ject merely exhaust the audience. The conclusion 
was that the requirements for a successful training 
program include active participation in a hands-on 
laboratory course, a strong local user network for 
mutual assistance and to combat any feeling of iso-
lation, and sufficient time to assimilate the basic 
ideas and to apply them to meaningful local problems. 

Concern was expressed about the cost of an ex-
tended training program. The budget for model im-
plementation must be adequate to achieve reasonable 
goals and thus justify the cost of model develop-
ment. A short course of comprehensive lectures in 
the use of so complex a model might discourage its 
use and adversely impact the credibility of the 
government. It was observed that the commitment of 
local management to provide the time and resources 
needed to make the model operational is of prime im-
portance. For this reason, a brief training course 
for local decision makers is recommended. The model 
will be installed and used if managers are convinced 
that it will make their decision process easier. 

USER TYPES AND SPECIAL NEEDS 

The local decision makers are the ultimate users--
the implementors of the model output. They include 
traffic commissioners, mayors, regional planners, 
state transportation heads, and transit officials. 
They need to know that the model can help them make 
decisions in choosing among transportation alter-
natives by using a rational, quantitative approach. 
They also need to know the level of effort required 
to make the model operational in-house and the time 
needed to produce valid results. This training must 
be brief, graphic, credible, and specific with re-
spect to the strategies that can be evaluated. 

The strategy developers are the actual users of 
the model for the analysis and evaluation. They in-
clude traffic engineers, transit operations man-
agers, planners, and researchers. They need to know  

how to calibrate the model to their field sites, how 
to generate appropriate strategies, how to analyze 
results, and how to estimate simulation costs and 
identify resources required. In addition, if they 
are to be producers of the model output, they must 
have basic computer application skills. They will 
need to know computer requirements, model execution, 
and debugging procedures. This training must be 
comprehensive and practical. 	 - 

TRAINING PRINCIPLES 

The ordinary training course requires no preparation 
before attendance. It consists of many consecutive 
hours of in-depth lecturesand many take-home docu-
ments. The audience is passive because there is no 
time to absorb the basic ideas and thus to formulate 
questions. The lecturers, usually highly qualified 
leaders in the field, are transmitting in high 
fidelity but the receivers are soon saturated and 
stunned. The result is that communication is never 
really established. 

On returning home, the would-be user of this 
training is overwhelmed by the sheer volume of 
literature. Since no guidance is available for de-
signing and implementing a plan to apply the tech-
nology to local problems, the natural reaction is to 
report to management that the course was interesting 
but not really very useful. In addition, there is 
often no commitment to use the technology on a local 
project and thus not much motivation to learn it. 

In order to correct these deficiencies and pro-
vide a truly effective course, the following prin-
ciples are offered. 

Active Participation 

Active participation is achieved by requiring prior 
preparation to a hands-on laboratory course. Brief 
lectures can be included to set up the experiments. 
Preparation for the laboratory sessions could con-
sist of understanding the fundamental capability of 
the model and its field data requirements, identify-
ing a set of appropriate local projects for model 
analysis, and receiving commitment from the local 
decision makers that the model will be used for al-
ternatives evaluations. In the laboratory sessions,, 
the users cooperate in teams while applying the 
model to specific problems. 

User Network 

An active local-user network is essential to the 
learning experience. A course given in a region to 
a set of users, who meet Eegularly to discuss tech-
nical issues, is an efficient and cost-effective 
combination of formal training and self-help. The 
interaction of peers accelerates the training pro-
cess by providing support and a means of quickly 
solving the easier problems. The experts are also 
part of the network and address the difficult prob-
lems during site visits or by mail or telephone. 

Structured Course 

The course must have a well-defined structure. The 
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set of laboratory projects must be graduated in dif-
ficulty. The initial projects should be simple 
enough to complete quickly in order to establish 
confidence and provide an overview. The final proj-
écts must exercise some of the model's more diffi-
cult features. Controls are needed to keep the 
learning process on course. The projects should 
have realistic schedules, milestones, and deliver-
ables. 

Meaningful Projects 

A variety of standard test cases will be provided 
for the initial projects. After understanding the 
procedure, each user will design projects that are 
relevant to the local site and use actual field 
data. The course will emphasize the importance of 
maintaining contact with reality by constantly 
checking simulated traffic patterns against field 
observations. 

Sufficient Duration 

The user must have sufficient time to digest the 
training provided. A six-month period can be 
divided into three comprehensive preparation 
periods, separated by laboratory sessions and analy-
sis tutorials, and culminating in a final presenta-
tion of project results. 

The first preparation period of one month could 
consist of the study of a set of documents describ-
ing the range of application of the model, the de-
sign of networks, and the calibration of the model 
to a field site. The user performs this activity at 
home as preparation for the first laboratory session 
but has access to an expert by telephone. The first 
meeting of the group is a two-day laboratory session 
and takes place at a computer facility where pre-
pared problems, i.e., exercises for the student, are 
solved. This session can also complete the course 
for those who do not need a thorough understanding 
of the model. 

The next preparation period lasts three months, 
during which the users work on local site projects, 
collecting data and analyzing the results.. At this 
time, they meet regularly with each other and also 
receive guidance from the experts through site 
visits and by telephone. This period is followed by 
another two-day laboratory session at a computer 
facility. The more difficult aspects of the model 
are studied then. 

The last preparation period of two months is used 
to complete projects and prepare reports. The final 
meeting of one day is for the presentation of re-
ports. At this meeting, local management is invited 
to see the wide range of local applications of the 
model and FIIWA has the opportunity to learn of de-
sired model extensions or revisions. 

TRAINING MATERIALS 

Training materials are different for each of the 
user types. They include films, slides, minitexts, 
and a detailed operator's manual. Films and slides 
are used to present a broad overview of the model's 
capability and cost to use. These are intended 
primarily for decision makers and should be brief 
and to the point. The documents consist of a set of 
minitexts and a comprehensive user's, manual. The 
set of minitexts is provided for ease of use and to 
avoid intimidation at the outset. The first volume 
is an executive summary, which supplies the broad 
overview; it is all the decision maker will read but 
is also a good starting point for the strategy 
developer. Other volumes include model calibration, 
output analysis, case studies, bus priority analy- 

sis, traffic-actuated signals, energy, and pollution 
analysis. A comprehensive user's manual is needed 
that contains operating procedures, input prepara-
tion, flow charts, error messages, and test cases. 
This manual is to be used as a reference; it is not 
a learning tool anymore than is an unabridged dic-
tionary, which it resembles in size and dryness. 
The use of a computer and a computer operator must 
be available at the site of the laboratory course. 

LOCATION 

Training takes place primarily in local areas but is 
coordinated from the central office in Washington, 
D.C. Laboratory sessions should be held in local 
areas to serve a set of users and to use the com-
puter facility available there. This is done to en-
courage the formation of local-user networks for 
long-term cooperation and because these users often 
do not have out-of-state travel funds. In addition, 
the overview and final project presentations are 
made at local sites for the same reasons. 

The central office in Washington, D.C., coordi-
nates the training program and provides user tech-
nical support. A hotline is needed to solve prob-
lems that are beyond the capability of the local-
user networks. The central office could maintain a 
national newsletter for users. This publication can 
contain corrections and extensions to the model, as 
well as descriptions of local projects. It is dif-
ficult to get users to submit articles but two in-
centives could be tried. A simple form could be 
supplied on which project information -is written in 
short phrases. The cost of the annual subscription 
to the monthly newsletter could be one article. 

COSTS AND BENEFITS 

Although the training course extends over a six-
month period, almost all of this time is spent in 
self-study by users at home. The costs to FHWA 
include preparation of the training materials, 
supervision of two laboratory sessions of two days' 
duration each and the final project presentation 
meeting, maintenance of a hotline, and travel to 
local sites by experts for project guidance. In ad-
dition, overview presentations of less than two 
hours' duration are needed for local decision 
makers. These should be charged to promotion. it 
was discussed in this workshop because of its over-
riding importance in obtaining the commitment needed 
to make the strategy developer's training viable. 

The benefits to FNWA include the correct use of 
NETSIM by masters of the tool. The government is 
perceived as the developer and provider of a 
highly useful product. The community of users will 
disseminate new ways of using the model through 
their networks and serve as experts for the next 
generation of users. The cost of developing such a 
powerful model will be justified. 

Workshop 1: Traffic Flow Theory and 

Modeling Considerations 

(Leader. Carroll J. Messer; Recorder, William A. McShane) 

The discussion of the workshop participants centered 
on a critique of the NETSIM traffic simulation 
model, considering its treatment of traffic flow 
phenomena and the resulting experimental design and 
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evaluation requirements. A recommended set of 
NETSIM enhancements or user application needs was 
the desired output of this workshop. A total of 11 
professionals actively participated in the discus-
sion. The composition of the group included five 
consultants and six traffic simulation modelers with 
various areas of interest and experience. FHWA 
representatives with intimate knowledge of NETSIM 
were active members of the workshop. 

The group concluded that NETSIM offered the user 
many positive features. Those positive aspects in-
cluded a detailed traffic model evaluation, a bus 
route operational evaluation, a wide range of p.rob-
lem applications, extensive NOEs, the capability to 
evaluate unequal cycle times, and simulation of 
traffic-actuated signals. 

THEORETICAL CONSIDERATIONS 

Perhaps due to the composition of the group, theo-
retical considerations of traffic flow modeling 
tended to focus on calibration information for 
several of the basic traffic flow variables. The 
simulated behavior of queue formation and discharge 
at traffic signals was reviewed. Values for queue 
discharge lost times were questioned as to their 
validity. Concern was similarly expressed regarding 
the acceleration-versus-speed relationships included 
in the "new" NETSIM model to be used in FHWA's 'TRAF 
1.5. The appropriate shape of the acceleration-
speed curve at low initial speeds was discussed with 
reference to work being done at the Midwest Research 
Institute. The important linkage of queue discharge 
modeling with vehicle acceleration from the inter-
section's stop line was noted. It is critical that 
the lead vehicle should reach its desired link speed 
at the desired elapsed time since start of green and 
at the desired travel distance. 

Considering experimental design, topical ques-
tions were those of determining the number of runs 
needed for statistical accuracy, how long should 
each run be, and what variables significantly impact 
computer run time. It was noted that the variance 
of most traffic-related variables significantly in-
creases as the volume-to-capacity ratio approaches 
1.0. This characteristic tends to make the identi-
fication of lack of fit between field data and simu-
lation model results more difficult to detect at 
high volume levels. 

In the same vein, the question, arose as to 
whether a simulation model should attempt to repli-
cate the variability observed in the real world or 
whether one should attempt to develop and implement 
techniques for reducing the variability of the pro-
cess so that the output results would more likely 
estimate the mean value of the process. Clearly, 
the direction is now to replicate the real world, 
gaining realism and credibility by the latter avenue 
rather than the former. 

It was noted that FHWA has a research contract 
planned in the near term to identify the statistical 
nature of NETSIM's outputs as related to a taxonomy 
of network and traffic characteristics. User guide-
lines for developing cost-effective experimental de-
signs are envisioned, including sample size require-
ments and run time estimates. For the present, run 
times were noted to be more strongly related to the 
total number of vehicles being simulated for a given 
computer system than to any other traffic or network 
topology feature. As a rule of thumb, a network 
containing 600 vehicles would take approximately 1 5 

of CPU on an IBM 360 to simulate 1 s of real time, 
1200 vehicles would take 2 s of CPU, etc. Realistic 
checks on other machines also exist. The figures 
cited are based on experience at the FHWA facility. 

PERCEIVED USER NEEDS 

The following is a summary of the recommendations 
developed by the workshop participants regarding 
their perception of desirable NETSIM enhancements or 
design features. 

Modeling of a more sophisticated traffic-ac-
tuated control should be given the highest pri-
ority. An FHWA-sponsored project to provide this 
desired capability is under way. 

Fuel consumption and emission rates for new 
cars under actual traffic conditions should be de-
veloped. FHWA is understood to be supporting an ef-
fort to conduct the necessary testing at the Oak 
Ridge National Laboratory in Tennessee. 

Program logic and 'traffic modeling are not 
well documented and are outdated. Resources should 
be provided to support a new documentation effort to 
existing standards, and a commitment to annually 
update the documentation should be made as long as 
FHWA supports the NETSIM model. 

An experimental design guide should be pre-
pared to assist the user in establishing the scale 
of the appropriate evaluation plan. 

FHWA should consider the option of creating, 
from the basic recommended NETSIM model, a model de-
signed specifically for the evaluation of urban ar-
terial streets with fixed-time or actuated control. 

The inclusion of a traffic assignment model 
in NETSIM, particularly with operator bypass, is not 
recommended at this time. 

Workshop 8: Data Collection 

and Preparation 

(Leader, David B. Richardson; Recorder, Les Kelman) 

The essential purpose of this workshop was to iden-
tify the major requirements and scope of effort re-
quired to collect and assemble data for input to 
NETSIM and other simulation or optimization models. 
Although there are several areas of possible discus-
sion associated with these tasks, the workshop it-
self focused on three specific topics for detailed 
examination and comment: (a) identification of data 
requirements, (b) the data-collection process, and 
(c) program coding and validation. 

It is a well-known fact that the results obtained 
from any model are only as good as the data provided 
for program execution. The "garbage-in-garbage-out" 
adage holds true for NETSIM, as well as any other 
comparable model. The emphasis in this workshop, 
however, was to determine the level of data accuracy 
necessary for successful program execution, recog-
nizing the staff and budget constraints under which 
most jurisdictions must operate. If this underlying 
theme could be adequately addressed, programs such 
as NETSIM could be placed within reach of the prac-
tical user. As stated in the user guide, "the ef-
fective use of NETSIM is totally dependent on the 
quality of input data". A clarification of this 
statement in quantitative terms would be beneficial 
to both the current and potential user community. 

IDENTIFICATION OF DATA REQUIREMENTS 

The data requirements for NETSIM are greater than 
those for the more frequently used optimization 
models such as TRANSYT or SIGOP. The payoff, how-
ever, is that the output is more representative of 
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real conditions. Unfortunately, the extensive data 
requirements tend to reduce the attractiveness of 
NETSIM to potential users. The workshop partici-
pants identified certain areas in which clarifica-
tions and/or modifications would result in NETSIM's 
perception as a practical tool for traffic engineers 
and not just as a model that is used for research 
purposes. 

Do all data parameters have equal impor-
tance? An appreciation of the relative importance 
of the input parameters would ensure that the appro-
priate level of effort was expended in the different 
areas of data collection. For example, are accurate 
traffic volumes of greater, equal, or lesser im-
portance than target speeds? A ranking of data in-
puts would assist NETSIM users in minimizing the 
data-collection effort with only a marginal reduc-
tion in the accuracy of the results. 

Mow sensitive is the model to the absolute 
accuracy of the data on which it is based? It would 
be useful to know, for example, if the model is sen-
sitive to a 5, 10, or 15 percent change in bus dwell 
times. An appreciation of the sensitivity of the 
model to the various input parameters would be bene-
ficial in establishing the sample size, confidence 
limits, and general statistical significance of the 
data to be collected. 

Is it necessary to collect all the data? It 
was recommended that a range of parameters be pro-
vided in the user's manual for different types of 
locations, traffic flows, operating characteristics, 
etc, that could reduce the data requirements for 
any agency wishing to use a short-cut method. The 
question could be asked, of course, Would use of a 
short-cut NETSIM model produce a more representative 
simulation than use of the evaluation routine in the 
TRANSYT model? 

DATA-COLLECTION PROCESS 

The process of data collection requires a full 
appreciation of the actual data requirements to es-
tablish a cost-effective collection program. The 
three major subareas that are identified here are 
planning, equipment, and manpower. 

Comprehensive planning is the key to successful 
data collection. The user must know his or her 
needs, recognize what the data are to be used for, 
and how they are to be coded into the model. Of 
considerable importance is the bias associated with 
the collection activity. For example, the daily, 
weekly, and seasonal variations in traffic volumes 
can have a significant impact when comparisons are 
drawn between expected and actual results. 

There are three sources of data available for the 
program user: (a) internal--that which are already 
on file with the agency; (b) external--that which 
are available from other sources such as data from a 
transit authority; and (c) data that must be col-
lected for the specific purpose of running the 
model. A complete review should be carried out to 
establish all data available from sources (a) and 
(b) prior to designing the new data-collection 
program. 

The use of automated techniques in the data-col-
lection process has not, in fact, reached the same 
level of sophistication as the models themselves. 
This area is probably the weak link in the chain and 
possesses much potential for achieving a reduction 
in the overall data-collection effort. There is 
also an additional bonus with respect to the reli-
ability of the data collected. The following tech-
niques were proposed as candidates for consideration: 

1. Volume counts from detectors; 

Photologging for both Operational char-
acteristics of the traffiè and the physical char-
acteristics of the network; 

Aerial photography for a multiplicity pf data; 
Street-level photography for parking char-

acteristics and network data; 
Microcomputers, such as that proposed by 

Glazer and Courington for performing "floating-car" 
or "speed and delay" traffic flow studies; 

The Traffic Engineering Logger, as developed 
by the South African National Institute for Trans-
port and Road Research, to establish traffic-stream 
characteristics; and 

A portable event recorder, as developed by 
the University of Strathclyde, Scotland, for gather-
ing information about vehicle speeds, journey times, 
and fuel consumed. 

It was postulated that experience with these 
techniques and/or equipment is available within the 
traffic engineering community, but tends to remain 
undocumented. Information exchange on automated 
data-collection methods could encourage the in-
creased use of these techniques and result in im-
proved methods being developed. 

The availability of manpower (or lack of it) is 
often a key factor in an agency's decision to use 
NETSIM. The use of permanent staff as opposed to 
the use of temporary staff raised the issues of 
cost, reliability, practicality, and the level of 
supervision required. Concurrent-versus-staged 
data collection was also noted. Concurrent collec-
tion may require a "cast of thousands", depending on 
the network size, whereas staged collection requires 
validation and manipulation to transform all ele-
ments to a common base. The cost-effectiveness of 
using automated techniques as opposed to labor-in-
tensive techniques must also be considered, along 
with simplifying the field work (and thereby enabl-
ing most, if not all, of the data reduction to be 
carried out in an office environment) and the use of 
the available software packages to reduce, analyze, 
and validate the collected data. 

PROGRAM CODING AND VALIDATION 

In models, such as NETSIM, the coding procedure is 
laborious and yet requires accurate work together 
with a certain degree of interpretive skill to re-
duce traffic and network characteristics to finite 
numbers. Accurate, representative coding requires 
good engineering judgment. To reduce staff costs 
and to effectively use available staff, however, 
there is a strong tendency to automate the coding by 
reducing it to a series of simple steps. In assign-
ing the coding task, consideration must be given to 
achieving a balance between quality and cost. 

The inclusion of the diagnostic checking routines 
was viewed as an extremely positive feature as was 
the development of the preprocessor module that may 
be used to diagnose errors in the input stream and 
may be run as a separate program. Expansion of the 
preprocessor module to check for reasonable param-
eter boundary levels could reduce the amount of 
manual checking during the coding procedure. For 
example, the program could flag any saturation flow 
value less than 1200 or greater than 1800 vehicles 
per hour-green. In addition, it was suggested that 
the preprocessor module be adapted for running a 
coding check on smaller, more readily available com-
puters, thus making it more accessible to the 
smaller jurisdictions. This stand-alone preproces-
sor module would not only facilitate the coding and 
validation procedures, but also could be used as a 
learning tool to familiarize new users with coding 
intricacies. 
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Incorporation of the results of the previously 
mentioned sensitivity analyses into the user's 
manual would also provide much-appreciated assis-
tance in the coding procedure. A what-if guide for 
the different parameters would give a useful indica-
tion to a coder of the implications of a coding de-
cision. A user information exchange would result in 
expanded guidelines and reduce the quantity of 
original work required by new users to become ade-
quately familiar with the program. 

CONCLUSIONS 

The workshop participants concluded that 

There is a need for the NETSIM User's Guide 
to include guidance with respect to the relative im-
portance of the different input parameters, the sen-
sitivity of the model to the absolute accuracy of 
the various input parameters, and a range of global 
parameters. 

Comprehensive planning is the key to reliable 
and accurate data collection. 

The use of automated techniques could reduce 
the overall effort required for data collection. 

The availability of manpower (or lack of it) 
is often a key factor in an agency's decision to use 
NETSIM. 

A stand-alone preprocessor module that could 
be run on smaller computers would have many benefits. 

The preprocessor module should be expanded to 
check for reasonable parameter boundary levels. 

There is no substitute for engineering judg-
ment in the coding procedure. 

There is an important role for FHWA to play 
in the dissemination of user experience with NETSIM, 
particularly in the areas of data-collection tech-
niques, global data inputs, sensitivity analyses, 
and improved coding procedures. 

Workshop 9: Computer Resources, 

Maintenance, and Support 

(Leader, George Tiller; Recorder, Alexander Ugge) 

The following consensus on critical issues related 
to computer resources, maintenance, and support was 
reached. 

COMPUTER RESOURCES 

Needed computer resources are generally available, 
but sometimes expensive. The cost factor becomes 
important as use of computer programs increases. 
Computer resources should be distributed rather than 
centralized. The idea of having all models reside 
on a federal computer, accessed by users through 
terminals, was not supported. Citations were made 
of bad experiences with centralized computer ser-
vices. Models should reside on many systems under 
local control. The possibility of a combination ap-
proach exists, i.e., a facility available to those 
who do not want to go into models but just want 
answers in the easiest possible way. 

The ideal situation viewed was based on a 
terminal/microprocessor connected to a larger system 
in a state, etc., and possibly networked with other 
similar systems. Also, large central mainframes to 
provide the best combination of responsiveness, 
local control, number-crunching power, and communi-
cation are possibilities. 

The federal government, it was felt, should not 
reserve the right to modify the source code of pro-
grams. There is unhappiness with the UTPS approach 
of distributing only machine language so no changes 
can be made. More trust in the end user having some 
sense and knowing what to do was urged. Users 
should also be viewed as a resource, able to provide 
assistance in many cases to help get the job done 
and provide support for various aspects of the re-
search and development program. Recognize, however, 
that the federal government cannot be asked to pro-
vide support for user-modified code. 

MAINTENANCE AND SUPPORT 

The following conclusions were reached: 

I. Primary role of the federal government is the 
collection and distribution of information about 
simulation models--i.e., a "clearinghouse" function 
to serve states and others. 

There should be less decision-making author-
ity resting in federal government; correspondingly, 
there should be less responsibility for the quality 
and the reliability of computer programs. 

With controlling decisions made by states and 
other users in concert, the federal government 
should (a) maintain up-to-date computer codes, data, 
and documentation for all models and distribute 
these on request, subject to criteria of a con-
trolling body; (b) provide notices to users of bugs 
discovered, fixes installed, enhancements, new 
generations, etc., through a newsletter or other 
means; (c) provide hotline-type assistance to users 
with problems (there is a need to keep all models 
operational on the federal system and have expert 
personnel available); (d) provide training as 
requested by the controlling body; and (e) provide 
management and coordination of maintenance and 
support activities, whether provided by the federal 
government, 	a 	federal 	contractor, 	states, 
universities, or other users. 

Suppose, for example, that a new version of a popu-
lar program needs thorough testing (as agreed to by 
states and other users), but FHWA upper management 
decides not to budget money for this effort, causing 
a delay in the useful implementation of the model. 
The responsible manager uses his or her automated 
distribution system (part of the clearinghouse ser-
vice) to send letters to 50 state departments of 
transportation informing them of this decision and 
inviting responses. Many states and others with 
strong feelings on needs for the model write to 
FHWA. The manager now has powerful support for the 
position to spend money on testing. 

ANCILLARY ISSUES 

Other concerns expressed by the participants in this 
workshop focused on the following ancillary issues: 

Naming of programs should be improved. 
Text or handbook (tutorial) on general prin-

ciples of simulation and optimization is needed. 
Selective output should be provided on all 

models. 
Some standardization is needed--a minimum set 

of common parameters (using common terminology) that 
every simulation or optimization program provides. 
Standards should include file structure, formats, 
etc., so that a graphics program, for instance, 
could be applied to these parameters to generate a 
broadly understood visual representation of model 
performance. 

Carrying this standardization concept a step 
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further, a generalized simulation and optimization 
data base structure to support the interaction of 
independent models should be developed. 

Workshop 10: Promotion and 

Implementation 

(Leader, Ryerson Case; Recorder, N. Barr) 

The subject of this workshop was the promotion and 
implementation of traffic simulation models for ap-
plication by the traffic engineering community. The 
purpose of the workshop was to determine why such 
models are not used more extensively by traffic en-
gineers at the working level and to propose actions 
that would improve the promotional and implementa-
tion processes. There were seven participants, rep-
resenting federal, state (provincial) , and city 
governments. The consultant community was not rep-
resented. 

Discussion focused initially on the present pro-
motion and implementation process as it exists in 
the United States and Canada. This is essentially a 
top-down process in which the central agency is the 
developer and distributor of simulation programs, 
and lower levels of government and the consulting 
community are the users. In contrast to the United 
States, where the central agency is the federal 
government, Canadian provinces receive no federal 
support in this area and are each responsible for 
their own promotion and implementation, a situation 
that tends to lead to wide disparities in their 
quality of traffic engineering at the local level in 
some provinces. In Ontario, the research and 
development branch of the transportation agency dis-
seminates programs virtually on a person-to-person 
basis, which is a time-consuming, though effective, 
process. 

At one time, FHWA also carried out implementation 
on a personal basis by research staff, but this 
proved impractical and implementation was often 
given a low priority. With the creation of FHWA's 
Implementation Division, research results are now 
systematically translated into practical implementa-
tion packages. They are routinely distributed to 
the regions, divisions, and the states with extra 
distribution to other agencies and organizations. 
FHWA tries to work through a lead agency (usually a 
state) for distribution to users at lower levels of 
government. A wide array of material is available, 
including a brochure announcing the availability of 
documents (manuals, specifications, etc.) as well as 
program tapes. Pilot-city (minimum of three) 
evaluations are carried out before release of the 
programs. 

WHY SIMULATION PROGRAMS ARE NOT BEING USED 

Although there have been some examples of local 
agencies taking excellent advantage of the FHWA-
sponsored programs, there is evidence that the im-
plementation packages are generally not getting down 
to the local level. In identifying the reasons for 
this, we divided the problems into those that are 
primarily at the federal level and those that are 
primarily at the local level. 

Federal Level 

1. Inadequate internal promotion--This is evi-
denced by weakening support for some programs, due  

in part to the fact that staff is mainly technical-
ly, rather than public-relations, oriented. 

Credibility problems--Lack of resources for 
software and other support adversely affects con-
fidence of users in simulation programs and simula-
tion in general. 

Poor support at field level--Field staff is 
construction oriented and is not knowledgeable in 
the simulation area. 

Difficulty in establishing lead agencies--
Rural orientation of most state departments of 
transportation creates a communication problem re-
sulting generally in poor support at the state 
level. FHWA packages are not getting down to the 
local level. The Urban Mass Transportation Admin-
istration, which works directly with the cities, is 
more effective in this respect. 

Lack of user feedback--One of the main 
federal concerns is in the area of user feedback, 
which is essential to make the agencies more respon-
sive to local needs. 

State and Local Level 

Lack of state support--Only a few state de-
partments of transportation are willing to undertake 
a lead-agency role in their state. Small cities, 
which need strong local encouragement and support, 
suffer. 

Lack of resources--Many states, counties, and 
cities lack the qualified staff and fiscal resources 
to effectively use simulation programs. They also 
lack executive-level promotional material necessary 
to sell their management on supporting simulation as 
a valuable traffic engineering tool. 

Lack of understanding--There is a general 
lack of understanding of the role and benefits of 
simulation in traffic engineering practice at all 
levels. They are not getting the message. The 
rural orientation of most state departments of 
transportation contributes to the problem as well as 
the lack of traffic engineering representation in 
the metropolitan planning organizations. 

Ignorance of FHWA resources--Despite the many 
publications widely distributed by FHWA, many local 
agencies and potential users are uncertain as to 
what support is available and whom to contact. 

Poor communications between local user 
groups--Effectiveness could be significantly en-
hanced by interaction between various local user 
groups. 

RECOMMENDAT IONS 

Federal Level 

Improved promotional material is required at 
two levels to give a better understanding of the 
role of simulation in traffic engineering: (a) 
executive level--a simply written brochure outlining 
the benefits and costs (staff, computer, etc.) of 
simulation could be very useful in gaining support 
from management (this has been successfully done in 
other areas, such as the NCHRP-sponsored brochure on 
Freeway Corridor Traffic Management); and (b) tech-
nical level--more material is required to convince 
potential users of the benefits of simulation (these 
could include additional information on simulation 
and its role in traffic engineering; user experi-
ences, case studies, etc.; types and availability of 
simulation programs; and availability of support; 
the upcoming traffic simulation handbook will be 
very useful provided it is sufficiently comprehen-
sive) ; 

Increased commitment to program maintenance 
and support--an essential service to encourage use 
of simulation programs; 



76 	 TRB Special Report 194 

Internal promotion--emphasis on improving in-
ternal promotion of FHWA programs; 

FHWA organization information--additional ef-
fort should be made to disseminate FHWA organization 
charts and the names and phone numbers of individ-
uals who should be contacted for information or for 
obtaining implementation packages; routine distribu-
tion at all technical meetings, seminars, etc., of 
such information would be very useful; 

Increased,  emphasis on establishing lead agen-
cies--may be state, county, city, or even univer-
sity; encourage locals to be more involved in the 
testing and validation of programs; and 

Encourage formation of user groups--particu-
larly under the auspices of professional organiza-
tions. 

State and Local Level 

Lead agency role--states should undertake 
lead agency role and give strong support to the 
federal program; they should devote the necessary 
resources to promote and distribute simulation pro-
grams locally; 

Improved user feedback--local needs and prob-
lems are essential feedback to guide the federal 
program and, indeed, to support it; 

Increased participation in program evalua-
tions--FHWA would like more locals to be involved in 
testing and validation of program and to hold train-
ing courses, etc.; FHWA needs "friendly locals" to 
show user interest that helps in justifying program 
development; and 

Formation of user groups--lead agency should 
strongly encourage formation of statewide user 
groups. 

Workshop 11: User Interface 

(Leader. Amir Eiger; Recorder, Duncan Allen) 

The purpose of this workshop was to define and con-
ceptualize various capabilities that would ease user 
interface with traffic simulation programs. The 
focus of the discussion was on those additional cap-
abilities that would facilitate the implementation 
of various models by (a) reducing the costs associ-
ated with input coding and (b) providing comprehen-
sive, yet easily interpretable, outputs. 

The discussion addressed topics in the following 
three areas: front-end software, data management, 
and output processing. There was unanimous agree-
ment that the existing input data preparation, 
coding, and debugging processes in traffic simula-
tion programs are some of the major stumbling blocks 
for implementation. Two alternatives were discus-
sed--the development of front-end software to permit 
input stream specification via a remote terminal (as 
in Michigan) and input specifications by using in- 
teractive computer graphics. 	It was felt that in 
the short term the Michigan system would be easier 
to implement, although some questions were raised as 
to its portability given the computer system for 
which it was developed. With respect to the de-
velopment of front-end graphic preprocessors, the 
importance of maintaining stability of input format-
ing requirements as programs are updated was 
stressed. This is in view of the fact that input 
format changes can force changes in the graphic 
software. Discussion then ensued about the need for 
data management to facilitate input data changes and 
output processing and in that light all three items 
are related. 

Graphic output processing can facilitate the 
interpretation of the outputs of the simulation. 
various output display options were discussed: 

Graphics for alternatives analysis; 
Two-dimensional network drawing with link MOE 

displays (if we have color) or three-dimensional 
displays, which would function as screening models 
to identify critical links or sections; 

Animated displays for analysis of problem 
locations, e.g., inefficient signal timing, turn 
pockets, and channelization; and 

Time-space diagrams to evaluate progressions. 

The basic notion of output processing is to provide 
the user with more information than is made avail-
able through the present outputs. 

In addition to software enhancements on both 
front and back ends of the simulation programs, some 
discussion was conducted on potential systems. The 
suggestion was made that the pre- and post-proces-
sors on microcomputers can be locally operated with 
the simulators running in the mainframes. Some 
reservations were expressed about the portability of 
the software developed in such an environment. 

There is an urgent need for software development 
to facilitate input and output processing. To fa-
cilitate implementation, the input side should be 
attacked first. To increase the usefulness of the 
simulation model as an analysis tool, the output end 
should be enhanced. In either case, there should be 
a movement away from the model definitions of links. 

Workshop 12: Optimization Versus 

Simulation 

(Leader; Nathan H. Gartner; Recorder, Sam Yagar) 

The main objectives of this workshop on optimization 
versus simulation were (a) to identify the comple-
mentary roles of simulation and optimization models 
within the context of traffic systems analysis, (b) 
to discuss issues emanating from a broad range of 
practical applications of the' models, and (c) to 
provide recommendations concerning their use and 
future development. 

FRAMEWORK FOR ANALYSIS 

The objective of analysis is to provide optimal (or 
at least improved) solutions to problems arising in 
real life. Optimal decision making in, and modeling 
of, traffic systems follows the same basic steps 
used by operations analysts in a variety of en-
gineering and management areas: 

A. Structuring of the real-life situation into a 
mathematical (or computer) model, abstracting the 
essential elements so that a solution relevant to 
the decision maker's objective can be sought; 

Exploring the structure of such solutions 
through manipulation of the model and developing 
systematic procedures for obtaining them; 

Developing a solution that yields an optimal 
value of the system MOE or possibly comparing al-
ternative courses of action by evaluating their MOEs. 

This basic analysis and design process is illus-
trated in Figure 1; although the figure depicts 
these steps in a sequential manner, there may be 
considerable repetitive cycling within the process; 
this occurs when (a) more detailed analysis leads to 
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Figure 1. Basic analysis and decision process. 
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new insights that require a redefinition of the 
problem, (b) limitations on knowledge and analytical 
capabilities do not permit the simultaneous con-
sideration of all aspects and implications at any 
one stage, or (c) newly discovered constraints 
(which may be technical, financial, or political) 
impeded the implementation of proposed solutions; 
thus, an interative process becomes necessary such 
as is shown in Figure 2. 

MODEL CLASS IFICATION 

Since the objective of analysis is to lead to op-
timal solutions, we would like, ideally, to have 
computer models that provide such solutions with 
minimum user interaction. (The notion of model is 
used here in its broader sense, i.e., as represent-
ing the entire analysis process and not only the ab-
straction of the physical system.) However, the 
current state of the art supplies such models only 
for certain limited applications. These are 
generally known as optimization models. In other 
applications, where the "best" solution is obtained 
through extensive user interaction with computer 
evaluation, the model is called a simulation model. 
In all cases, the basic framework shown in Figure 1 
is pertinent. Given below is a very broad classifi-
cation of models, listed in order of degree of com-
putational complexity. The first three are 
considered optimization models; the fourth is a sim-
ulation model. 

FORMULA. The model constructed is simple 
enough so that calculus can be used to derive the 
optimal solution. The result is a formula that 
directly calculates optimal values for the design 
variables, given the input data (example: Websters 
formulas for optimal cycle time and splits.) 

MATHEMATICAL PROGRAM. The model is complex, 
involving a large number of variables and con-
strairits, yet is amenable to systematic optimization  

by an iterative computerized procedure without user 
intervention. A global optimum for the design vari-
ables is obtained (example: The MAXSAND program 
that provides the values of offsets, cycle time, 
phase sequences, and progression speeds on all links 
that will maximize arterial bandwidths; optimization 
is based on mixed-integer linear programming). 

SEARCH PROCEDURES. Because of the increased 
complexity of the model, usually involving networks, 
a standard mathematical programming method is not 
applicable. Heuristic procedures are used that 
search for the best possible solution but cannot 
guarantee optimality (examples: TRANSYT, SIGOp). 

SIMULATION. In all those cases where the 
analytical formulation is difficult or where too 
many simplifying assumptions are required to build a 
model that is amenable to optimization, simulation 
is the best and, in many cases, the only quantita-
tive tool available. Simulation can be used to es-
timate values of parameters of the system with great 
precision (e.g., MOEs such as delays, stops, fuels 
consumption, etc.) and to explore transitional pro-
cesses (i.e., to obtain a picture of the system 
moving through time). Design of an improved system 
is obtained by evaluating distinct alternatives 
specified by the user, i.e., by performing trial-
and-error experiments on the model (example: 
NETSIM). 

In general, the use of simulation is not advo-
cated for situations where a suitable optimization 
model is available and can be solved without great 
effort. The reason is that the optimization models 
usually provide optimal or c lose- to-opt imal solu-
tions, whereas the simulated model, which is de-
scriptive in nature rather than normative, only com-
pares the effectiveness of various alternatives pre-
specified by the user. 

The discussion in this workshop focused on the 
relative merits of using various models as experi-
enced by the participants. 

Two participants addressed the question of degree 
of detail of models. Lieberman classified models as 
atomic (e.g., TRANSYT), molecular (e.g., FREQ), com-
pound (e.g., UTPS), and, further, large-scale models 
used for urban structure and land-use analysis. He 
felt that in many cases the analysis should be sup-
ported by a detailed simulation (e.g., NETSIM) for 
accurate evaluation. Yagar, on the other hand, men-
tioned results from a comparative study conducted on 
Bloor Street in Toronto. In this study there was no 
significant difference between the predictive capa-
bility of NETSIM (UTCS-1) and TRANSYT when compared 
with results of field travel-time measurements, ál-
though there is a substantial difference in the 
detail offered by the two models. Furthermore, a 
much simplified UTCS-1 network model of the arterial 
(containing about one half the total nodes) gave 
similar results (i.e., travel times) to those ob-
tained with a full network model. Thus, micropreci-
sion is not always necessary and sometimes simula-
tion detail can be saved in order to gain optimiza-
tion capability. With a simpler model it should be 
possible to screen more alternatives, yet invest the 
same computational effort. 

May discussed the philosophy and historical evo-
lution of the FREQ model family. Originally started 
as a freeway operations evaluation tool, decision 
capabilities were later added at the request of 
state officials. It now comprises an integrated 
sequence of simulation (evaluation) and optimization 
models. This sequence can comprehensively evaluate 
(predict) and optimize operations in freeway cor-
ridors, including ramp metering, traffic signals, 
spatial shifts, and modal shifts. 

Courage addressed a number of issues relating to 
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the proper use of models: careful selection of cri- 	user ingenuity in the application process because 
teria for optimization (e.g., bandwidth versus for- 	the analyst becomes an essential component of the 
ward-link opportunities) , total accounting (volumes 	optimization-decision loop. 
on all approaches to an intersection), and counter- 	3. The accuracy required is related to the spe- 
intuitive results stemming from improper use (e.g., 	cific problem addressed and may vary widely from 
adding a lane at an intersection may increase delay). 	problem to problem. It is a critical aspect of the 

modeling stage. 	 - 
CONCLUSIONS 	 4. The objective of design decisions may vary 

with the 'interest of party (e.g., developer versus 
The main conclusions reached in the workshop follow: 	city), and this may also 'have legal implications. 

All aspects need to be properly considered. 
Analysis models (tools) are not ideal and 	5. Traffic simulation has progressed from de- 

need to be modified in the field. 	 velopmental stages to maturity to dissemination. 
It is clear that models cannot be used with- 	More effort should now be spent in improving the 

out judgment (i.e., as a black box). Therefore, an 	decision (optimization) capabilities of analytical 
attempt to provide a different model for each appli- 	models, aided by simulation. 
cation is rather futile. There is always need for 
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Signal Timing Optimization and Evaluation: Route M-53 
(Van Dyke), Macomb County 

R.E. Maki and D.R. Branch 

In August 1980, FHWA solicited a proposal for an ad-
vanced project entitled "Local Agencies Signal Opti-
mization Project". This is a summary of the final 
project report. 

The major objectives of the program were to eval-
uate the effectiveness of optimizing timing plans, 
to train local agencies in the use of TRANSIT, and 
to evaluate the level of effort required for, and 
payoff of, signal timing optimization. We subse-
quently entered into a contract with FHWA to opti-
mize a 10-mile, 26-signal network on highway M-53 
(Van Dyke). Revised timing was implemented through 
the cooperation of the Macomb County Road Commission. 

The contract called for an evaluation of the cost 
and effectiveness of new timing plans with docu-
mentation in an evaluation report. More specifical-
ly, the Michigan Department of Transportation staff 
was to collect traffic and street network data, code 
the data and run the TRANSIT program, retime the 
signals in the field, fine tune the system, obtain 
"after" evaluation data, and prepare an evaluation 
report for FHWA. 

The short-term goal was to optimize splits and 
offsets for the 80-s a.m. and p.m. dials (two off-
sets) and the normal 60-s dial. Flasher schedules 
were also adjusted. Also, the lengths of vehicular 
and pedestrian clearance intervals were also 
checked. The study section is a 10-mile length of 
state trunkline M-53, a major north-south arterial 
with average daily traffic of more than 60 000 
vehicles. Peak-hour flows are directional in some 
areas but not consistent throughout the section, re-
flecting origins and destinations other than home-
central business district (Detroit). There are 
several major factories as well as commercial estab-
lishments bordering the M-53 right-of-way affecting 
traffic patterns. Several major east-west county 
roads and 1-696 further influence traffic in the Van 
Dyke corridor. 

M-53 retains a constant seven-lane cross section 
(two-way left-turn lane) from Eight Mile to Fifteen 
Mile Road with right-turn lanes at some intersec-
tions. Further north, the through approach laneage 
varies from two to three lanes. The side street ap-
proaches vary widely from one lane in some areas to 
as many as four in others. Speed limits increase 
from 35 mph in the southern end to 45 mph in the 
north. 

While the basic trunkline cross section is fairly 
constant, many special geometric features have been 
implemented to facilitate turning traffic. These 
include "New Jersey left-turn lanes", directional 
crossovers, at-grade loops, and free flow ramps. 
Since most of these movements have little effect on 
the signalized portion of the intersection, we have 
not tried to simulate them but have eliminated them 
from the study, adjusting volumes accordingly. The 
network simulated is simpler than that in the field, 
but we feel that little reliability is lost. 

Though we were treating M-53 as an arterial, it 
is, in fact, a segment of a larger network of county 
roads and city streets. We were constrained by the 
existing cycle lengths, the time of day, and we were 
also concerned about significant offset changes. 
System hardware limitations precluded an addition of 
a third dial unit as part of this study. 

DATA COLLECTION 

In order to conduct this study and provide input to 
the TRANSIT 6C, 7, and NETSIM models, it was neces-
sary to collect a large amount of data on current 
traffic volumes and turning movements. Manual turn-
ing movement counts and pedestrian counts were con-
ducted at all signalized intersections on Van Dyke 
within the study limits during the peak eight hours. 

The existing signal system is limited to two 
dials, including a 60-s normal dial; operating at 
times other than the morning and afternoon peaks, 
when an 80-s dial is used. Though different offsets 
can be used between morning and afternoon, the 
splits are the same. The telephone interconnect is 
unreliable in wet weather. Generally the control-
lers are in good condition. Several intersections 
revert to flashing mode during very-low-volume 
hours. Travel time data were obtained before and 
after the timing changes by using a "floating car" 
equipped with the Greenshield's Traffic Analyzer. 
In addition, data relating to lineage, intesection 
spacing, special geometrics, and signal plans were 
gathered. No parking is permitted within the Van 
Dyke right-of-way. 

Three runs were made in each direction during 
each of three periods studied. In summary, the 
average travel time decreased 2 percent while stop 
time decreased by an average of 50 percent. The 
number of stops decreased 13 percent on the aver-
age. Results are given in Table 1. 

SIMULATION RESULTS 

The system was optimized by using TRANSIT 7 as re-
quested in the contract. TRANSIT 6C was used to ob-
tain fuel consumption data. We also ran the NETSIM 
model to evaluate the splits and offsets and to com-
pare results. The turning movements and flow data 
are summarized on the link-node diagram, a portion 
of which is shown in Figure 1. 

A caveat is in order before evaluation of output 
data. The network simulated was the mainline only 
without adjacent nontrunkline signals. In TRANSIT, 
side street data were measured. Fuel consumption on 
the side street approaches due to idling only is in-
cluded in the TRANSIT data. No fuel consumption 
data or delay information were gathered on the side 
street with NETSIM. Intersections with one-sided 
signals were not simulated so the number of nodes 
was 22 rather than 26. 

TRANSIT RESULTS 

By using volume data for the appropriate hour, sig-
nals were optimized and evaluated for three 
periods: a.m. peak, p.m. peak, and off peak. Re-
sults are shown in Table 2. The data indicate 
savings of more than 140 000 gal of fuel per year. 
This is the difference between the fuel consumption 
with the existing signal settings and those imple-
mented, multiplied by the hours of operation of that 
dial, and adjusted for traffic volumes. 

The implemented settings differ from the opti-
mized only in splits. This is because some of the 
splits were readjusted after manual calculations of 
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capacity were performed by using the critical lane 
volume method. Compromise splits were used in some 
cases since the existing equipment restricts us to 
one split on the 80-s dial for both a.m. and p.m. 
periods. 

Some of the results in Table 2 appear difficult 
to explain. Looking closely at only the a.m. peak, 
the delay more than doubles between optimized set-
tings and implemented settings though the only dif- 

ference is a small percentage split at a few inter-
sections. Speed is also reduced, greatly. Review of 
the link-by-link output not included in this report 
showed that almost all of the increased delay could 
be attributed to four side street links that were 
oversaturated. Yet the splits were set by critical-
lane capacity analysis. This points to the 
importance of inputting proper saturation flow 
values to TRANSYT. 

Table 1. Travel time and delay studies. P.M. Peak A.M. Peak Off Peak 

Item SB NB SB NB SB NB 

Before 

Avg travel time (s) 	- 1209.0 1371.0 1096.4 1135.6 1025.1 1133.8 
Avg stop time (s) 230.9 299.4 151.4 174.5 93.4 119.3 
Distance (0.01 mile) 945 977 945 977 945 977 
Avg running speed' (mph) 34.8 32.8 36.0 36.6 36.5 34.7 
Avg travel speed" (mph) 28.1 25.7 31.0 31.0 33.2 31.0 
Avgstops/run 10.3 12.0 9.3 9.0 7.3 9.7 
Avg time/stop (s) 22.42 24.95 . 16.28 19.39 12.79 12.30 

After 

Avg travel time (s) 1167.6 1315.3 1103.9 1120.2 1025.0 1105.9 
Avg stop time (s) 69.7 181.5 103.4 81.3 41.3 58.3 
Distance (0.01 mile) 945 977 945 977 945 977 
Avg running speed' (mph) 31.0 31.0 34.0 33.9 34.6 33.6 
Avg travel speedb  (mph) 29.1 26.7 30.8 31.4 33.2 31.8 
Avg stops/run 8.7 11.3 5.7 7.7 6.7 7.0 
Avg time/stop (s) 8.01 16.06 18.14 10.56 6.16 8.33 

Change Before to After (%) 

Avg travel time -3.42 -4.06 +0.68 -1.36 -0.01 -2.46 
Avg stop time -69.81 -39.38 -31.70 -53.41 -55.78 -51.13 
Distance 0.00 0.00 0.00 0.00 0.00 0.00 
Avg running speed' -10.92 -5.49 -5.56 -7.38 -5.21 -3.17 
Avg travel speedb +3.56 +3.89 -0.65 +1.29 0.00 +2.58 
Avgstops/run -15.53 -5.83 -38.71 -14.44 -8.22 -27.84 
Avg time/stop -64.27 -35.63 +11.43 -45.54 -SI .84 -32.28 

Note 	NB = northbound, SB = southbound. 
°Running speed = distance s 3600/travel time - stop time. 
°lrsvel speed = distance s 3600/travel time. . 

Figure 1. Link-node diagram of turn-
ing movement and flow data. 
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Table 2. TRANSYT optimization output. 

- Delay Gasoline Hydro/carbon Carbon Monoxide Nitrous Oxides Performance Speed Time 
Period (vehicle-h/h) (gal/h) (kg/h) (kg/h) (kg/h) Index (mph) (vehicle-h/h) 

A.M. Peak 

Existing settings 627 1813 153 1647 108 627 22.1 1346 
Optimized settings 320 1776 125 1319 106 320 28.6 1039 
Implemented settings 717 1775 161 1728 109 717 20.7 1436 

P.M. Peak 

Existing settings 906 2405 207 2227 140 906 20.9 1857 
Optimized settings 578 2342 177 1887 138 578 25.4 1529 
Implemented settings 892 2338 206 2207 140 892 21.1 1843 

Off Peak 

Existing settings 201 1669 112 1182 98.9 201 31.5 893 
Optimized settings 178 1651 110 1154 98.2 178 32.3 870 
Implemented settings 181 1650 110 1160 98.5 181 32.2 873 

Table 3. NETSIM simulation output. 

Period 
Delay 
(vehicle-h/h) 

Gasoline 
(gal/h) 

Hydrocarbon 
(g/mile) 

Carbon Monoxide 
(g/mile) 

Nitrous Oxides 
(g/mile) 

Speed 
(mph) 

Time 
(vehicle-h/h) 

A.M. Peak 

Existing settings 
Implemented settings 

627 
490 

2668 
2562 

2.53 
2.36 

37.55 
33.97 

5.07 
5.04 

23.5 
26.0 

145 
1370 

P.M. Peak 

Existing settings 
Implemented settings 

607 
509 

2796 
2741 

2.49 
2.37 

36.21 
33.75 

5.10 
5.06 

24.1 
26.0 

1549 
1463 

Of f Peak 

Existing settings 
Implemented settings 

268 
278 

1988 
1993 

2.20 
2.20 

30.68 
30.74 

5.01 
4.99 

28.9 
28.6 

995 
1005 

At volumes near or exceeding saturation flows, 
the increases in calculated delay are large with 
just minor changes in split due to the nature of the 
delay model used. Since the side street delay is 
included in the network speed calculation, this 
value is also affected. 

NETSIM RESULTS 

The NETSIM evaluations (Table 3) were run to see how 
closely they correlated with the TRANSYT output. 
Traffic volumes, turning movements, splits, and dff-
sets were the same for both 

It is interesting and perhaps coincidental that 
the existing delay in the a.m. peak was the same in 
both simulations, 627 vehicle/h. This is remarkable 
since NETSIM does not include side street delay. 
The remaining values on the chart follow the same 
relative changes as the TRANSYT output with a few 
exceptions. The off-peak implemented settings gave 
slightly poorer values for the measures of effec-
tiveness than existing settings. Total fuel savings 
based on the NETSIM output was 93 000 gal/year. 
Though this value was not corrected for current 
vehicle fleet, the saving of 4200 gal/intersection 
is a close value to that used for estimating fuel 
savings for the 11 demonstration cities selected in 
the FHWA study. 

COMMENTS ON TRANSYT 

Detailed comments regarding the use of TRANSYT 6C 
and 7 will not be discussed. Version 7F, now being 
implemented, promises to alleviate-  many of the prob-
lems we have encountered in using the previous two 

models. Generally, we have found that the offsets 
given by the models appear good when shown graphi-
cally on time-space diagrams. For arterials, off-
sets may be obtained by simpler models or by manual 
computation that may be just as accurate. We chose 
this simple system to better understand how TRANSYT 
works. 

The TRANSYT model is not too complex and with 
some training the coding is readily mastered. How-
ever, there is a need for guidelines on the effect 
of the various weighting factors. We ran 45 optimi-
zations by using different weighting factors and 
saturation flows. TRANSYT 7F documentation should 
provide the necessary guidance. 

Further system optimizations should require con-
siderably less personnel and computer time. TRANSYT 
7F is a much faster model and is easier to code and 
interpret. 

RECOMMENDATIONS FOR M-53 (VAN DYKE) 

In addition to optimization of splits and offsets, 
several other aspects of the signal system were re-
viewed as part of this study. These include condi-
tion of control equipment and reliability of tele-
phone interconnect. Length of vehicular and pedes-
trian intervals, and. flasher schedules, signal head 
visibility, need for pedestrian indications, and 
need for geometric revision were also evaluated. 
All of these cannot be discussed here. But some 
comments are appropriate concerning implemented or 
planned changes that will further increase capacity 
and safety while reduàing delay, fuel consumption, 
and emissions.  

Lack of telephone interconnect reliability has 
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consistently been a major problem in our system's 
optimization reviews. We plan to replace the Van 
Dyke interconnect with time-base coordinators that 
will ensure proper offset and.also allow more flexi-
bility in timing plans. Flasher schedules at some 
intersections were lengthened. Yellow intervals 
were lengthened at several intersections. We are 
pursuing extended flasher operation or possible re- 

moval of two poorly spaced signals on the south end 
of the section. 

It is safe to conclude that motorists will save 
at least 100 000 gal of fuel yearly on Van Dyke and 
more if the plans are implemented. Considering only 
fuel savings, the cost of this project, completed in 
February 1981, was returned to the taxpayers by the 
end of April in the same year. 

System Timing Optimization and Evaluation of US-12, Detroit 
R.E. Maki and J.J. Sailer 

This report is a summary of the analysis that led to 
the recent publication of the final report entitled 
"Michigan Avenue Traffic Flow Study" by Ross Roy,' 
Inc., and the Traffic Safety Association of De-
troit. One of the original purposes of this study 
was to evaluate improvements to a traffic signal 
system that would save fuel and travel time and re-
duce accidents. The study was modified to identify 
other energy-saving improvements. The results could 
be used for project selection and improvement. 

The corridor selected for review consists of a 
4.8-mile section of Michigan Avenue (US-12) within 
the city of Detroit. This portion of Michigan Ave-
nue extends from the fringe of the central business 
district (CBD) at 6th Street to the city limits at 
Wyoming Avenue. It is a principal link in the 
street network and serves as an alternate route to 
Interstate 94. The adjacent land use is commer- 
cial-industrial. 	 - 

Michigan Avenue average daily traffic (ADT) 
varies from approximately 20 000 vehicles near the 
CBD to 33 000 vehicles near Wyoming Avenue.' Typical 
directional peak-hour volumes are about 1500 ve-
hicles/h. See Figures 1 and 2 for directional flow 
by hour. The existing laneage on, Michigan Avenue 
can adequately serve this volume. In the section 
from 6th Street to Livernois, seven lanes are pro-
vided including a center lane for left turns. From 
Livernois to Wyoming the cross section is five 
lanes. 	In addition, parking is,  provided on both 
sides with a peak-hour, prohibition that theoretical-
ly should provide another travel lane for each di-
rection. There are 64 intersections in this section 
of Michigan Avenue of which 25 are signalized. The 
posted speed limit is 35 mph. 

DATA COLLECTION 

In order to conduct this study and provide input to 
the NETSIM model, it was necessary to collect a vast 
amount of data relevant to current traffic on Michi-
gan Avenue. The following briefly describes the 
data collection, sources, and reliability. 

Traffic volumes in the form of 8-h manual turning 
movement counts were obtained at 16 signalized in-
tersections. Pedestrian counts were conducted at 
the major intersections. Traffic estimates were 
prepared for those intersections where manual counts 
could not be taken due to staff limitations. 

The existing signal system on Michigan Avenue 
throughout the study area is a two-dial hardwire 
interconnected system. The average life of the 25 
intersectional controllers is 24 years, with the 
operating time ranging from 6 to 31. At the present  

time these controllers receive little or no preven-
tive maintenance. 

In addition to the equipment data, it was neces-
sary to obtain a physical description of Michigan 
Avenue. These data included the distances between 
intersections, laneage, existing traffic signal 
timing plans, and parking control. The average 
peak-hour speeds on Michigan Avenue are 20-23 mph, 
and stops averaged 1.2/mile. 

The speeds obtained from the NETSIM runs are 
weighted average speeds (bidirectional) for the en-
tire system and are figured by total distance of 
travel (all vehicles) divided by total travel time. 
These speeds would not agree with the speeds ob-
tained from test vehicles in the field. 

NETSIM BACKGROUND 

The practicing traffic engineer has long needed a 
problem-solving aid to evaluate the cost and bene-
fits of alternative methods of traffic control. 
Simulation modeling has evolved as a tool with the 
advent of the high-speed computer. By approximating 
real-world conditions, modeling gives the engineer 
the ability to inexpensively choose the best alter-
natives before actually committing financial re-
sources. 

NETSIM is one such. tool developed by FHWA for 
traffic engineers. The NETSIM model has been 
formally validated against field data. The model 
has been used successfully by the Michigan Depart-
ment of Transportation and throughout the country 
for the last few years. 

The first step taken in the use of the model is 
Construction of a link-node diagram that represents 
the actual street network. Links are stretches of 
roadway-connecting nodes. They are directional and 
may be either entry or exit type or internal to the 
system under study. Nodes are points at which ve-
hicles enter, exit, or are controlled, such as sig-
nalized intersections. 

The next step is to gather the input data. These 
include entering counts, turning movements, road and 
intersection geometrics, channelization, types of 
control, operational signal timing desired, and de-
tector placement if used. The network is then coded 
Onto a 80-column FORTRAN card and the network is 
ready for simulation. 

The NETSIM output shows the following: 

Listing of input card deck, 
Link and network statistics, 
Number of stops per vehicle, 
Stopped delay, 
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Total delay, 
Travel time and speed, 
Signalized cycle failure, 
Fuel consumptions in gallons, 
Mileage, and 
Emissions generated 	(hydrocarbons, carbon 

monoxide, and nitrous oxide) in grams. 

By controlling the variables, such as signal split, 
offset, laneage, etc., the effects of any change to 

Figure 1. Directional flow by hour: 
6th Street and Michigan Avenue. 

a system are simulated and benefits are derived by 
comparing alternatives. 

NETSIM RUNS 

As with any simulation program, it is necessary to 
make some realistic assumptions to correspond with 
the specific conditions in the field. The assump-
tions used and the bases for those assumptions are 
as follows: 
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Wyoming and Michigan Avenue. 
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The evening peak hour is from 4:30 to 5:30 
p.m., obtained from manual and machine counts taken 
during February and March 1980. The peak period 
ranges from 3:45 to 6:00 p.m. 

Only signalized intersections were used in 
the simulation due to the maximum number of nodes 
allowed in the program. 

A 3.0-s starting delay and 1.9-s headway were 
used. These figures are based on previous studies. 

The speed used was 35 mph, which corresponds 
to the posted speed limit. 

Some intersections did not have machine or 
manual counts, so it was assumed that 100 vehicles/h 
enter the system at these points. This was approxi-
mated from field observation and comparisons with 
adjacent intersections for which counts were avail-
able. 
- 6. It was observed that parking violations were 

substantial enough during the evening peak that no 
use was made of the extra lane provided during the 
outbound peak. 

It is our belief that the above assumptions are rea-
sonable, based on observations of the study area. 
Any other assumptions made are so noted. 

There were nine alternative, plus the existing 
(as installed), timing plans tested. The alterna-
tives tested were in-field timing (assumes failed 
interconnect), existing with no-parking areas 
properly enforced, using timing permit offsets, 
timing permit with no parking enforced, timing for 
bidirectional flow, timing for directional flow (no 
parking enforced), timing for 100 percent outbound 
(westbound), timing for 100 percent outbound no 
parking enforced, timing for bidirectional flow 
eight-signals removed, and timing for 100 percent 
outbound flow eight-signals removed. The results of 
the NETSIM runs are shown in Table 1. 

CONCLUSIONS AND RECOMMENDATIONS 

It is obvious that at least portions of the inter-
connect system have failed due to the age of the 
equipment. Most of these controllers are about 24 
years old. The greatest benefits can be achieved by 
reinstalling a good interconnected system. 

Benefits can be derived by not operating, by re-
locating, or by removing the existing signals on 
Michigan Avenue at Trenton, Cecil, 35th-Greusel, 
31st-Lockwood, 23rd, 16th, 6th, and Cochrane. All 
of these signal locations have very minor cross-
street volumes and are poorly spaced for efficient 
progressive movements on Michigan Avenue. The suc-
cessful resolution of any or all of these signal 
locations will produce substantial energy, pollu-
tion, and time benefits. 

In order to do a cost/benefit estimate, gasoline 
was assumed to be $1.25/gal and dollar value of de-
lay to motorists was set at $3 per person/h. Peak-
hour fuel consumption and delay were multiplied by 
10 to give the daily value and by 300 to give a 
yearly value. A summary of user savings is given in 
Table 2. 

A cost estimate of $40 000/intersection was used 
for complete modernization including controller re-
placement and new interconnect. A 20-year life is 
assumed with zero salvage value. For simplicity, 
maintenance costs are assumed to -remain unchanged. 
An interest rate of zero was used due to uncertain-
ties of inflation and fuel prices. 

Upgrading the existing system of signals would 
produce a yearly fuel savings of 130 000 gal and 
savings of about 170 000 h of delay. The dollar 
value is $620 000 with a cost/benefit ratio of 
12.5. Upgrading would also reduce hydrocarbon emis-
sions by 10 percent, carbon monoxide by 10 percent, 
and nitrous oxides by 5 percent. 

Table 1. Results of NETSIM runs. 

Vehicle Emissions (g/mile) 
Vehicle Stops per Avg Speed Avg Delay Total Delay Fuel Used 

Alternates Trips Vehicle (mph) per Vehicle (s) (mm) (gal) HC CO NOX 

In-field timing (existing) 9760 3.08 18.44 93.73 15 247.5 1076.86 3.05 48.16 4.82 
Existing no parking enforced 9776 2.88 19.15 84.01 13 688.7 1051.62 2.92 45.71 4.70 
City's timing from permits 9767 2.47 19.72 76.03 12 375.8 1033.32 2.89 44.86 4.75 
City's timing, no parking 9780 2.22 20.45 67.61 11 020.9 1002.09 2.75 42.45 4.58 
enforced 

Offsets for bidirectional flow 9781 2.73 19.45 79.54 12966.2 1043.33 2.91 45.29 4.74 
Offsets for bidirectional flow, 9802 2.44 20.32 69.32 II 325.0 1014.99 2.78 42.90 4.63 

no parking enforced 
Offsets for 100 percent 9787 2.50 19.79 75.11 12252.4 1032.16 2.88 44.55 4.74 
outbound flow 

Offsets for 100 percent out- 9803 2.23 20.62 66.32 10834.8 1005.30 2.75 42.37 4.63 
bound flow (no parking) 

Offset for bidirectional flow, 9781 2.32 20.11 71.26 11 617.0 1009.71 2.78 42.93 4.57 
eight signals removed 

Offset for 100 percent out- 9768 2.15 20.58 65.91 10730.1 995.09 2.75 42.91 4.60 
bound flow, eight signals 	- 
removed 

Table 2. Savings per year compared withexisnng in-field timings. 

Fuel Delay in Total Savings 
Gallons Fuel Cost Person-Hours Cost of Delay Cost of Delay and Benefit/Cost 

Alternates (000s) ($000s) (000s) ($000s) Fuel (S000s) Ratio 

In-field timing, existing 
Existing no parking enforced 76 95 78 230 330 Unknown 
City's timing from permits 130 160 140 430 600 11.7 
City's timing, no parking enforced 220 280 210 630 910 Unknown 
Offsets for 100 percent outbound flow 130 170 150 450 620 12.5 
Offsets for 100 percent outbound flow, no parking 200 270 220 660 930 Unknown 
Offset for 100 percent outbound flow, eight signals removed 	250 310 230 680 990 20 
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The greatest benefit can be derived by signal 
system upgrading with signal removal or relocation 
as previously stated. Nearly $1 million in benefits  

can be returned each year to the public from an ini-
tial investment of $1 million. Therefore the cost/ 
benefit ratio is about 20. 

Signal System Modernization and Timing Optimization Study: 
Ludington Street, Escanaba 

Kenneth L. Slee 

The major function of the Community Assistance 
subunit is to provide traffic engineering assistance 
to local governments for improving safety at problem 
locations. By request from the city of Escanaba, 
Michigan, a complete engineering study was performed 
with recommendations for improving traffic flow and 
reducing accidents. 

The city's entire signal system was studied 
focusing on Ludington Street, which is the major 
arterial street through the central business dis-
trict. Existing Ludington Street is a narrow four-
lane, two-way facility with angle parking on both 
sides of the street and functions basically as a 
two-lane, two-way roadway due to restrictions and 
narrow laneage. The network •studied is a 30-block 
area with the major portion of the traffic in the 
seven-block central business district. 

DATA COLLECTION 

The existing signal system in Escanaba included 10 
outdated, one-headed signals centered on the main 
streets, all working independently. The six signals 
along Ludington Street operate on a two-dial system. 

Traffic volume data include 24-h machine counts 
as well as 8-h turning movement counts at the 10 
signalized locations. The Ludington Street corridor 
averaged 15 000 vehicles/24h period. 	The speed 
limit is posted at 25 mph. 

Ludington Street is 64 ft wide from face-of-curb 
to face-of-curb. The cross streets are 54 ft wide 
with 12-ft radii in all quadrants of each location. 

Accident patterns for the three-year study period 
included head-on, left-turn, and rear-end acci-
dents. The major accident pattern involved angle-
parked cars. 

NETSIM ANALYSIS 

The network simulation model was used to provide 
measures of effectiveness for existing traffic flow 
statistics. The proposed alternative included 
signal modernization, interconnection, removal of 
unwanted signals, parallel parking, and a five-lane 
facility with a center lane for left turns. The 
"existing" and "proposed" NETSIM analyses were 

Table 1. NETSIM analysis: Escabana. 

Measure of Effectiveness Existing Proposed Change (%) 

Stops per vehicle 2.37 1.77 -25 
Avg speed (mph) 11.07 19.06 +72 
Avg delay per vehicle (s) 133.5 37.03 -72 
Total delay (mm) 10379.9 2953.6 -72 
Hydrocarbon (g/mile) 4.23 2.78 -34 
Carbon monoxide (g/mile) 74.63 42.69 -43 
Nitrous oxide (g/mile) 4.52 4.24 -6 
Fuel consumption (gal) 399.77 282.39 -29 

compared for improvements in the traffic flow. The 
major statistics compared were average speed ("pro-
posed" indicated a +72 percent), average delay per 
vehicle ("proposed" indicated a -72 percent), total 
delay ("proposed" indicated a -72 percent), and 
stops per vehicle ("proposed" indicated a -25 per-
cent). These statistics appear along with the 
remainder of the measures of effectiveness in Table 
1. 

CONCLUSIONS AND RECOMMENDATIONS 

Cost/benefit analyses were computed by using pro-
jected accident reductions. Project casts were 
estimated at $120 000 with a 0.66 year time-of-re-
turn based on accident reduction. 

Benefits were estimated by using a cost of $1.25/ 
gal and $3 per person/h of delay. A factor of 3000 
(a factor of 10 for daily x a factor of 300 for 
yearly) was multiplied by the hourly fuel and delay 
consumption to estimate a yearly value. The yearly 
benefits are $440 000 in fuel consumption and 
$1 336 000 in delay reduction. 	This reflects a 
352 140-gal reduction in fuel consumption and 
445 312 h of delay reduction. 

NETSIM provides a more real-world view of exist-
ing and proposed traffic characteristics than other 
methods available. It makes available other mea-
sures of effectiveness that were not previously 
considered. NETSIM helps sell many safety projects 
to the use of the general public because the model 
outputs statistics into common terminology. 
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Comparison of Alternative Traffic Control Strategies at 

a T-lntersection 

Bruce F. Schafer 

Among the various parameters that may be evaluated 
for each roadway by NETSIM are average vehicle 
occupancy of roadway segment, stops per vehicle, 
average operating speed, and delay time per vehi-
cle. The major features of the NETSIM model are 
listed below. 

Microscopic, stochastic simulation of individ-
ual vehicle movements; 

Simulation of full range of control features, 
including "Stop and "Yield" signs, turn controls, 
parking controls, fixed-time signals, vehicle-actu-
ated signals, and real-time traffic control and 
surveillance systems; 
,3. Modular 	structure 	incorporating 	detailed 

treatment of car-following behavior, network geom-
etry, grades, bus traffic, queue formation, inter-
section discharge, intralink friction and midblock 
blockages, and pedestrian-vehicular conflicts; and 

4. Provision for flexible mix of standard output 
measures. 

Other parameters that may be evaluated are bus 
system operational analysis, fuel consumption, and 
vehicle emissions for each individual vehicle group-
ing by type, automobile, truck, and bus. Major user 
options for the model include the following: 

Simulation of traffic-actuated signal control; 
Simulation of a surveillance system comprising 

various types of detectors; 
Simulation of bus traffic; 
Simulation of transient blockages within the 

traffic stream, such as parking violators, construc-
tion activity, and "incidents' such as stalled cars 
and accidents; 

A variety of standard output options, includ-
ing tabulation of origin-destination volumes; and 

Statistical analysis of model outputs. 

NETSIM MODEL USE 

The NETSIM model is user-oriented. Noted here are 
model inputs and summary of input conditions, re-
spectively. The inputs are readily available to the 
traffic engineer from office files or may be ob-
tained from field data. The location-specific 
inputs are intralink target speeds, intersection 
discharge rates, input flow rates, frequency of rare 
events, intersection turning movements, bus system 
data, traffic composition, pedestrian flows and 
delays, amber phase behavior, network geometry and 
special channelization, signal timing, and detector 
location and type. The networkwide inputs include 
vehicle-generating distributions, gap acceptance 
distributions, parameters in car-following routines, 
parameters in lane-switching routine, and parameters 
in intersection movement routines. 

INPUT CONDITIONS 

The basis of all input data into the model for 
simulation is the link-node diagram. The link-node 
diagram converts the road system into a computer 
format for data translation. It is imperative that 
the link-node diagram for the system accurately 

represent that roadway, central business district, 
or intersection being modeled. 

On completion of an accurate link-node diagram, 
the input data are then coded on preprint, 80-col-
umn,, data-coding forms. On completion of computer 
simulation runs to debug data errors, the actual 
simulations are made, with changes in various con-
trol strategies, geometrics, etc., made for each 
run. Following completion of various simulations, 
comparison is then made of change effects on the, 
system operation being modeled. 

The model has been used for evaluation of various 
control strategies on arterial roadways and individ-
ual intersections. As with any form of analytical 
tool, the model has its limitations. In particular, 
its effective use is totally dependent on the qual-
ity of data inputs. 

This-is particularly true in the case of network 
coding and the treatment of unusual or non-standard 
traffic conditions. Considerable reliance must be 
placed in this case on the ingenuity of the analyst 
to abstract the essential operating characteristics 
of the network that he or she wishes to simulate and 
to transform these into an appropriate set of quan-
tified, coded inputs. 

The model includes a large number of discrete 
input parameters describing various aspects of 
traffic performance. These may be estimated either 
as a set of standard "default" values embedded in 
the program or as input to a given model run. The 
capacity to override the standard set of default 
parameters provides the user with. an  -important 
degree of flexibility, 'particularly with respect to 
the treatment of non-standard geometry or operating 
characteristics that are unique to 'that area. 	It 
also imposes an additional requirement on the ana-
lyst, however, to evaluate very carefully those 
input characteristics whose accurate estimation 
appears critical to the particular study or intended 
analysis. 

A wide range of potential user options and output 
formats is provided. Again, this is done deliber-
ately to provide the maximum possible degree of 
analytical flexibility. However, this still imposes 
a requirement on the analyst to carefully structure 
the problem at the outset and identify clearly the 
options to be invoked and outputs to be generated 
before making a simulation run. It is particularly 
important in this context that a carefully struc-
tured program be developed for the analysis and 
evaluation of model outputs. 

INTERSECTION STUDIED FOR SIMULATION 

Figure 1 illustrates the intersection on East Travis 
Boulevard and Dover Avenue in Fairfield, California, 
as it appeared in 1977. The intersection had expe-
rienced a rear-end accident problem from vehicles 
waiting to turn north on to Dover from eastbound 
East Travis due to the lack of a left-turn pocket. 
The intersection met volume warrants from signaliza-
tion, but funding was limited. 

A number of alternatives with various laning and 
traffic signal control strategies were evaluated in 
order to maximize benefit for dollars invested. 
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ALTERNATIVE INTERSECTION CONFIGURATIONS ANALYZED 	 Alternative Alternative Description 

The various alternatives analyzed are listed below: 	
1 	 Existing stop sign traffic control, 

left turn lane for west approach 
Alternative Alternative Description 	 of East Travis with no parking on 
Existing 	Existing stop sign traffic control and 	 East Travis, left and right turn 

	

laning (Figure 1) 	 lanes on Dover, with no parking on 
Dover 

2 	 Two-phase traffic signal (Figure 2) 

Figure 1. East Travis Boulevard and Dover Avenue: existing condition, 1977. 	 for traffic control with existing 
travel lanes 

I 	 3 	 Two-phase traffic signal (Figure 2) for 
traffic control, with traffic lane 

Nor 70 ScALE 	 I [] 	 configuration of alternative 1 
4 	 Three-phase traffic signal (Figure 2) 

CURB LINE 	 for traffic control with traffic lane 
(TXP 	 I 	 configuration of alternative 1 

DOVER AVE. 	 All alternatives were compared with the existing 

1 	 '-4 	intersection operation. 
- 	- - 
	3 	

The link-node diagram for the intersection is 
[s 12/ 	 shown in Figure 3. The model runs were made on the 

	

I- 	 California Department of Transportation headquarters 

STOP 5I6N 	 computer facilities. 

K 	
COMPARISON OF SIMULATION RESULTS 

I 	 Table 1 lists certain specific results for each of 
I 	 the alternatives modeled. By inspection, the exist- 

ing traffic control without turn pockets appears to 
NOTE 	 I 	 operate most efficiently. However, a very minor 

I. UNDER EXIST/NO /977 CONDITIONS 	 decrease in overall efficiency would occur with the 
PAR/c/NO WA5 ALLOWED IN THE 	 (TYP) 	 installation of turn lanes on Dover and East Travis. 
ENTIRE INTERSECT/ON 	 Through elimination of on-street parking it would be 

2. 	______I.VOLOME o/SrRIBlirIoN 	 possible to install the turn lanes, thereby creating 
__________l 	 a refuge for turning vehicles. This would end 

kAPpgoACH YOU/ME 	 . 	 vehicles turning from the through lane on East 

3 YOLUI1E5ARE FOR PM PEAX 	
Travis and keep right-turning vehicles on Dover from 

HOUR 5'7-0 6 	
being held up by the low volume of vehicles turning 
left from Dover. 

Figure 2. Two-phase and three-phase proposed traffic signalization. 	 Figure 3. Link-node diagram: East 

2 PHASE S/NAL /ZA77ON 	
Travis Boulevard and Dover Avenue. 	(9/2 ) 

NORTH 

A-H 	1 	.J 	 NOT 70 SCALE 	 /2 

DOVER 

3 PH45E 5/&A64L/ZAT/ON 
DOVEM AVE. 

fo 

A I 4 1 

DOVER 	 T 	TT 810 

Table 1. System values 
for alternatives studied. 	 Fuel 

Vehicle Emissions (g/mile) 
Avg Speed 	Stops per 	Total Delay 	Consumption 

Alternative' 	(mph) 	Vehicle 	(mm) 	. 	(miles/gal) 	Hydrocarbons 	Carbon Monoxide 	Nitric Oxide 

Existing 	20.34 	0.30 	31.2 	 9.69 	3.67 	 59.58 	 7.84 
20.25 	0.31 	31.5 	.9.67 	3.68 	 59.98 	 7.84 

2 	 18.03 	0.51 	44.5 	8.77 	 4.31 	 70.91 	 8.84 
3 	 19.78 	0.37 	33.4 	9.50 	3.80 	61.98 	 8.00 
4 	 19.24 	0.40 	36.1 	 9.36 	 3.93 	 63.90 	 8.18 

Note: System values are model outputs for each of the alternatives for the entire system shown in Figure 3 during the peak hour from 5:00 to 6:00 p.m. 

raffle input volumes and turning movements were the same for all alternatives. 
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The fuel use and air quality consequences of each 
alternative are also listed in Table 1. Increased 
emphasis on air quality impact of transportation 
alternatives can be evaluated via an Optional sub-
program resident in the NETSIM model. 

RECOMMENDED PROJECT 

Based on analysis of parking use, traffic engineer-
ing analysis of field data, NETSIM simulation data 
analysis, and professional judgment, it was recom- 

mended that the turn pockets on Dover Avenue and 
turn pocket on East Travis Boulevard 'eastbound 
movement with stop sign control on Dover Avenue be 
implemented. 

CONCLUS ION 

In my opinion, the NETSIM computer simulation model 
further expands the traffic engineer's ability to 
analyze and evaluate alternatives in a cost-effec-
tive manner. 

Typical Application of the TEXAS Model 

Glenn E. Grayson 

This paper describes a simple application of the 
TEXAS computer model by a traffic engineer in a 
small city. (TEXAS is a microscopic model for 
simulation of traffic at a single intersection. it 
is currently available from the Texas State Depart-
ment of Highways and Public Transportation.) TEXAS 
allows traffic engineers to evaluate changes in 
intersection parameters (traffic flow, intersection 
geometry, and intersection control) and to see what 
effect those changes have on the vehicles' and 
intersection's performance. TEXAS is comprised of 
three separate computer programs: GEOPRO, DVPRO, 
and SIMPRO (see Figure 1). 

GEOPRO takes geometric information about the 
intersection system (approach lengths, number of 
lanes per approach, lane geometry and type, and 
location of any sight distance restrictions) in a 
cartesian coordinate manner; it produces a list of 
possible paths down which vehicles will travel. 
This path information is used as input to SIMPRO. 
DVPRO also produces input for SIMPRO. This driver-
vehicle processor takes volume and headway distribu-
tion information and creates a time-ordered list of 
vehicles. Three types of drivers and 16 classes of 
vehicles are used. SIMPRO takes these two inputs 
and a third, which contains the description of 
intersection control (from unsigned to signed to 
signalized) and the duration of simulation. Vehi-
cles are "stepped through" the system, and speed and 
delay statistics are gathered for each time incre-
ment for each vehicle. 

At the end of the simulation run, the statistics 
are summarized for the total intersection, for each 
approach, and for each turn movement in each ap-
proach. During a typical time increment, each car 
examines the vehicle in front, the adjacent lane(s), 
and the traffic control at the intersection. Then 
it makes 'a deterministic decision whether to speed 
up, slow down, start, stop, or change lanes. Be-
cause of the deterministic nature of the model, the 
traffic engineer is able to ascertain, the effects of 
a change in one of the three parameters (traffic 
flow, intersection geometry, and intersection con-
trol) with only two runs: "before" and "after". The 
following is a description of how I used the model 
in just this way and was able to make comparisons 
between two runs. 

Richardson is a Dallas suburb with a population 
of 80 000. Its 53 traffic signals are located at 
arterial intersections on a suburban grid and are, 
for the most part, noninterconnected and fully  

actuated. When these signals were installed, multi-
phase, fully actuated operation was the state of the 
practice. At many of the locations left-turn phas-
ing was provided, even though during the peak period 
only three to five vehicles made the left turns each 
cycle. It had been observed that those three left-
turning vehicles were causing unnecessary delays to 
the opposing through movement. With the increased 
emphasis today on reducing overall delay and fuel 
consumption, about 10 locations were targeted for 
protected left-turn removal in, one or both direc-
tions. On January 10, 1981, left-turn green arrows 

Figure 1. TEXAS model: flow process. 
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Figure 2. Sketth of Arapaho-West Shore model location. 
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Figure 3. Before and after signalization phasing. 
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were bagged at three intersections for a three-month - 
test. Citizen complaints begin to come in to the 
traffic engineering office and to the city manager's 
office. At this point, it was decided that it would 
be worthwhile to get some quantitative data to 
corroborate the engineering judgment used. The 
computer simulation approach was chosen for analy-
sis, and the necessary input data were gathered to 
run the TEXAS model. (The Texas State Department of 
Highways and Public Transportation provides computer 
time to localities for these types of model runs.) 

'The location chosen to be modeled (Arapaho with 
West Shore) was similar to the other two. Arapaho 
is a six-lane divided major arterial and West Shore 
is a 36-ft undivided collector street. Figure 2 
shows a simplified sketch of the intersection from 
which all necessary geometry information was taken. 
Volume counts were taken in the left-turn lanes and 
the through lanes on Arapaho, and for each approach 
on West Shore. Five-phase signalization (existing 
prior to January 10, 1981) was simulated for the 
first SIMPRO run. Two phase, signalization (after 
January 10) was simulated for the second SIMPRO 
run. Figure 3 shows the before and after signaliza-
tion phasing. 

Reported statistics from each run 'include total 
delay, stopped time delay, queue delay,travel time, 
average speed, queue lengths by lane, and traffic 
signal performance. These are reported for the 
intersection as a whole, for each approach, and for 
each turning movement on each approach. 

By analyzing these statistics from the before.and 
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after runs, it was possible to state the following 
findings (all are for a peak hour) in changing from 
five phase to two phase. 

3300 s less stopped time will be incurred 
overall at the intersection (an 11 percent reduc-
tion) 

Six percent fewer vehicles will stop (50 
percent, down from 56 percent). 

One hundred fewer through vehicles will have 
to stop on the main street (40 percent, down from 50 
percent). 

A 5-s reduction in average stopped time will 
be obtained by through vehicles on the main street. 

A 10- to 15-s increase in average stopped time 
will be accrued by left-turning vehicles on the main 
street. 

The main street's signal split will increase 
from 53 percent to 68 percent. 

With these data in hand, an interoffice memo was 
written to the city manager's office justifying the 
phasing change. The memo also included items on  

accident' experience, field observation, warrants, 
and citizen response. Final approval has not yet 
been received, and there is a chance that the recom-
mendations may be overruled. Richardson is still a 
small city, and citizen input is a very important 
factor in decisions made by the city council and 
manager's office. The quantitative data provided by 
the TEXAS model have added considerable support to 
the initial field observations and recommendations 
made to the city manager. 

This small problem required only 1 h to.code :and 
run, then another 1-2 h to evaluate the results. 
Considering the total amount of time spent on this 
project, these 3 h probably were the most produc-
tive. Likewise, it is felt that the TEXAS model can 
easily provide the practicing traffic engineer with 
delay and speed data that are nearly impossible to 
measure in the field, but are very useful in evalu-
ating proposed transportation system management 
changes. It is hoped that, in the near future, the 
model will be available through more agencies (such 
as FHWA) so that more local 'traffic engineers will 
be able to use this tool. 

Comparison of NETSIM Results with Field Observations and 
Webster Predictions for Isolated Intersections 
Christian F. Davis and Timothy A. Ryan 

The results described here are offered as examples 
of user experience with the NETSIM computer pro-
gram. They deal with research (1) that grew Out of 
previous work conducted for the Connecticut Depart-
ment of Transportation on prediction of air pollu-
tion generated by vehicular traffic. While it was 

felt that the vehicle emissions and fuel consumption 
options of NETSIM would •give results that could be 
used directly, it wai also felt that the simulation 
model could be used as a research tool to investi-
gate the range of applicability and sensitivity of 
various analytic approaches. Consequently, the re- 
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Table 1. Timing chart for semi-actuated signal at Route 195 and South Eagleville Road. 

FACE PHASE A PED. ACT. PHASE B FLASH. 

ADV. ART. CL. 	1 CL. 	2 WALK CL. NIT. VEH. MAX. CL. 	1 CL. 	2 NO. OPER. 

1 G C A R R R R R R R K FL.A 

2 C C A R R K K K K R K FL.A 

3 R G A R K K R R ft R K FL.A 

4 R G A R K R R+ R-'- R-s- A R FL.A 

5 R R R R K R ft-i- K-'- R-'- A R FL.A 

6 ft R ft R ft R K-i- ft-i- R- A ft FL.A 

P DON'T WALK 	+ WALK FL.D.W DON'T WALK 	 + OFF 

#1 	112 

E 
5" 	12" 31" 4" 

I-- 
2" 7" 13" 8" 3" 35" 3" 2" 

Figure  2. Link-node diagram for Route 195 and South Eagleville Road. 

search was directed at establishing confidence with 
the operation of the model through a comparison with 
field observations and an examination of sensitivity 
to input parameters. 

The examples described here are two of several 
cases examined in 1979 and described by Davis and 
Ryan (1). It should be noted that the version of 
NETSIM used was that supplied by FHWA in 1978 and 
that various corrections, additions to, and dele-
tions from the model have been made since that 
time. It should also be noted that, although (as 
the acronym suggests) NETSIM was specifically 
developed to handle networks, there are many in-
stances when the capability to model an isolated in- 

tersection is of value. Thus, in the first example, 
an isolated semi-actuated signal is examined by the 
use of NETSIM, and the results are compared with 
field observations. In the second example, a hypo-
thetical intersection was used to compare delay as 
predicted by the Webster technique (2) with that 
predicted by NETSIM. 

ISOLATED St141-ACTUATED SIGNAL 

This example deals with the T-intersection shown in 
Figure 1. The intersection is located near the cam-
pus of the University of Connecticut in Storrs and 
is controlled by a semi-actuated signal .,ith se-
quence and timing as shown in Table 1. For the 
simulation, the intersection was represented by the 
link-node diagram shown in Figure 2 with lengths and 
grades as given in Table 2. Average vehicle length 
was taken -to be 6.1 m (20 ft). In actuality, the 
right-turn pocket on link (22,15) has a capacity of 
14 vehicles. Ibwever, the version of NETSIM used 
allows no more than nine vehicles for right-turn 
pocket capacity and, hence, that number was used in 
the simulation. Since the driveway shown in Figure 
1 carries an insignificant volume, it does not ap-
pear on the link-node diagram. 

It was necessary to use several "tricks" to 
handle certain features of the intersection. Thus, 
pedestrians were treated as "vehicles" by using the 
dummy links (824,24), (24,15), (15,25), and (25,825) 
as their own exclusive path through the network. 
These pedestrian vehicles never use any other 
links. In reality, there are no intersections at 
nodes 21, 22, 23, 24, or 25; they were included be-
cause NETSIM does not compute some of the desired 
statistics for entry links. Also, link (21,15) is, 
in reality, channelized, with one lane reserved for 
left-turning vehicles and one lane reserved for 
right-turning vehicles. For the simulation, this 
link was described as having only one moving lane 
and a left-turn pocket. 

Link operation cards were completed by assuming 
no right-turn-on-red, one moving lane per link, de- 

--( 24 '---1 824) 
\ 	/ 
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Table 2. Lengths and grades of links for first example. 

Length 	Grade 	 Length 	Grade 
Link 	(ft) 	(%)° 	Link 	(ft) 	(%)° 

821,21 	500 	-2.0 	824,24 	500 	0 
21,15 	170 	0 	24,15 	500 	0 
822,22 	500 	0 	15,21 	170 	0 
22,15 	320 	-1.8 	15,22 	320 	+1.8 
823,23 	500 	+3.2 	15.23 	370 	-3.2 
23,15 	370 	+3.2 	15,25 	500 	0 

8Positive grades are ascending; negative grades are descending. 

Figure 3. Hourly volumes. 
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sired free-flow speed of 48.4 km/h (30 mph), and a 
queue discharge rate of 2.1 s/v.ehicle for each 
link. The default distribution for start-up delay 
was used and, since it was assumed that all pedes-
trians use their own "links", the condition "no-
pedestrian traffic" was specified for each of the 
other links. From the field observations, the 
hourly approach volumes were found to be as shown in 
Figure 3. 

The single-ring controller is not coordinated, 
the rest-in-red option was not applied, and the de-
tector switching feature was inactive. Referring to 
Table 1, we note that, for this study, P.DV #1 was 
used. Also note that the phase A advance green must 
be treated as a separate phase in NETSIM. There-
fore, as far as NETSIM is concerned, the signal 
cycle has four phases, not three. The phases were 
designated as shown below. 

Actual Phase 	 NETSIM Phase 
Phase A advance green 	1 
Remainder of phase A 	2 
Pedestrian-actuated phase 	3 
Phase B 	 4 

Phase 1 and phase 2 are both nonactuated, but the 
version of NETSIM used in this study allows only one 
nonactuated phase for a semi-actuated signal. This 
was handled by treating phase 1 as though it were 
actuated and by setting both the minimum interval 
and the maximum green to 5 s and the passage time 
(the vehicle interval) to 0 s. The controller is 
not of the volume-density type; the recall switch 
was on; amber duration, red clearance duration, and 
red revert time were all 0 s. The detector serving 
this phase is' of the presence type, and the phase 
overlaps no other phases. 

Phase 3 is the pedestrian-actuated phase and one 
additional minor adjustment was made in order to 

Figure 4. Queue lengths at intersection of Routes 1% and 275 at start of 	i 	 Observed 
green interval. 	

.. 	 20f 	 fl 
mean 1.1 	 mean 0.8 	mean a  0.3 	mean 1.3 

10 f1 	

dL4 

Number in queue 

	

I 	 fl Predicled by 

mean 0.9 	 mean rO$ 	means 0.1 	 - mean = 1.6 

0 2 46 0 2 46 0 2 46 0 2 46 

Number in queue 

Route 275 	 Route 195 

Eastbound 	 Northbound 



94 
	

TSR Special Report 194 

Figure 5. NETSIM-Webster comparison with 3-s lost-time and equal-approach 
volumes. 

0 Webster 

50- 	 NETSIM 

L= 3.0 sec/phase 

Figure 7. NETSIM-Webster comparison with 6-s lost-time and equal-approach 
volumes. 
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Figure 6. NETSIM-Webster comparison with 5-s lost-time and equal-approach 
volumes. 	 . 
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prepare the data card. .for this phase. The length of 
the amber (flashing "dont walk") interval is 13 s, 
but the program allows for a maximum amber duration 
of only 9 a. Therefore, the four extra seconds were 
added Onto the green (walk) interval.. 

The volume cards (type 20) were prepared by using 
Figure 3 and noting that there were no trucks and no 
intralink source-sink nodes. Also, sincethe pedes-
trian phase was not called during field observa-
tions, the volume of pedestrian vehicles was set 
equal to zero. 

In this case, comparison with field observations 
was based on queue length at the start of the green 
interval. Simulation was performed for two 15-mm 
periods by using two different seeds for the random 
number generator. The resulting' data were aggre-
gated to give the 30-mm "predicted" values at queue 
length shown in Figure 4. Since there was no con-
stant cycle length, it was necessary to request out- 

400 	500 	600 	700 

Approach Volume on Each Approach (opt) 

put at 2-s intervals. It may be seen that, although 
the comparison is difficult due to light volumes, 
the average numbers in each of the queues seem to 
agree reasonably well (with the exception of the 
left turn off Route 195). Note that the queue 
lengths predicted by. NETSIM are generally slightly 
shorter than those observed, and the variances of 
queue lengths are greater in the observed case than 
in NETSIM. In general, this same situation obtained 
for comparisons with field observations for fixed-
time and fully actuated signals. 

COMPARISON WITH WEBSTER FOR HYPOTHETICAL INTERSECTION 

The work of Webster (2) is commonly used fo' the 
calculation of delay and queue lengths. In this 
section, a hypothetical four-legged intersection 

-, with single-lane approaches, controlled by a fixed-
time signal, is used for a comparison between the 
predictions of NETSIM and those of the Webster tech-
nique. In the comparisons of Figures 5 through 7, 
the approach volumes are equal on all legs and the 
measure of interest is average delay per vehicle. 
It may be noted that this delay is defined by Web-
ster as "the difference between the average journey 
time through the intersection and the time for a run 
which is not stopped or slowed down by the sig-
nals." The definition given in the NETSIM Users 
Manual (3) is "the difference between the total time 
and ideal travel time based on target speed for 
link." 

The figures show the variation in average delay 
for various approach volumes with assumed lost times 
of 3, 5, and 6 s, respectively. Cycle lengths are 
taken as the optimal determined by the Webster tech-
nique. Amber time is 3 a in every case. 

For this hypothetical intersection, the results 
seem to suggest that, in general, NETSIM predicts 
about the same or less delay than the Webster tech-
nique until nearing capacity at which time NETSIM 
predicts higher average delay. Put another way, the 
capacity indicated by NETSIM is consistently lower 
than that indicated by Webster. As might be ex-
pected, the lost time assumption has a significant 
effect on the Webster results--with increased lost 
time yielding increased delay. That this should 
also be the case for NETSIM is not so apparent be- 



TRB Special Report 194 
	

95 

cause lost time was stochastically assigned in the 	For a simple, four-way intersection controlled by 

simulation. Thus, the increased delay seen in the 	a fixed-time signal with cycle lengths at optimum as 

simulation would seem to reflect the effect of the 	predicted by the Webster technique, NETSIM predicts 

change in cycle length. This increase in delay with 	about the same or less average delay per vehicle as 
increased cycle length seems to hold until nearing 	does Webster until nearing capacity at which NETSIM 
capacity, at which time NETSIM is relatively insen- 	predicts higher average delay. 
sitive to the cycle length. 
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Summary Evaluation of UTCS-1/NETSIM in Toronto 
f-.  

Sam Yagar and E.R. Case 

The UTCS-1 forerunner, of NETSIM was studied and 
evaluated on a Toronto network (1) in 1974. The 
network consists of Bloor Street and its intersect-
ing links. This paper summarizes some of the opera-
tional characteristics of UTC$-1, which have been 
essentially preserved in NETSIM, along with other 
empirically estimated operational characteristics of 
the model, and describes some potential applications 
and pitfalls. 

STANDARD FOR COMPARISON 

The workshop for teachers, researchers, and devel-
opers (Workshop 2 at this Conference) addressed the 
problems of random variation, not only in the 
model's predictions but also in the data standards 
against which the model is tested. The former occur 
mainly as a result of varying the random number seed 
in the model. This can be beneficial in providing a 
measure of random variation in network performance. 
on the ,other hand, in comparing various control' 
strategies it is often preferable 'to control the 
randomness" so that the strategies can be compared 
on an equal basis and their true differences mea-
sured with greater significance. The results of 
varying the random number seed of UTCS-1 to repre-
sent day-to-day variation in performance are re-
ported here. 

Prior to addressing the random variation and 
confidence- in the model's prediction, it is appro-
priate to consider the same factors with respect to 
the empirical data against which the model is evalu-
ated. For the Bloor Street network that was studied 
in Yagar (1), the standard of comparison consisted 
of floating-vehicle data collected as part of a 
study conducted for the Metro Toronto Traffic Con-
trol Centre. The statistical reliability of results' 
obtained from floating-vehicle studies is often less 
than desirable because of random fluctuations in 
operating conditions and small-sized samples of 
data. The validity of floating-vehicle results is 
generally accepted, usually by default, as there is  

often not a viable alternative method of obtaining 
link flow-travel time characteristics. Because this 
study deals with the application of a micromodeling 
technique to a detailed network, which theoretically 
could be more precise than the floating-vehicle 
standard against which ,it is being tested, some 
iscussion of the, reliability of the floating-vehi-

cle standard is in order. 
The results of the floating-vehicle study on 

Bloor Street (network model shown in Figure 1) for 
the 24 sections of the . network are summarized in 
Table 1. It is noted that the sample variance of 
the floating-vehicle data for any given combination 
of link and time slice may be relatively large. The 
standard deviations of link travel times ranged up 
to approximately 50 percent of the means. The 
absolute standard' deviations of link speedg were in 
the range 'from 2 'to 10 mph. Chi-square goodness-
of-fit tests were performed on the speed distribu-
tions, for each link individuallyand for all of the 
links combined. In each case the distributions were 
compared with normal distributions that had similar 
means and standard deviations. None of the tests 
rejected normality at the 0.05 level of significance. 
'The UTCS-1 predictions of link speeds were com-

pared with the above floating-vehicle standards for 
the Bloor Street network and with TRANSYT's speed 
estimates for the same links (2) 	It was found that 
the difference between the two models was small 
relative to the pdtential random error in the empir-
ical data. In addition to this, the sensitivity of 
UTCS-1 predictions to aggregation of time slices and 
to varying random number seeds was studied. The 
results are reported below.  

SENSITIVITY TO AGGREGATION OF TIME SLICES 

The effort required in data handling is approxi-
mately proportional to the number of subinterials 
used to represent the time variations in flow. By 
aggregating the flow volumes over, a number of suc-
cessive time intervals, one reduces the data re- 



quirements. 	However, 	it is important to know how a 
model reacts to the aggregation of different demand 
rates. 	If 	it 	is 	not 	sensitive 	to 	this, 	then 	the 
additional cost of simulating different time 	inter- 
vals 	is 	not 	justified. 	Depending 	on 	the 	ultimate 

BATHURST requirements of the simulation, the model itself may 
not be of use if it is not sensitive to flow aggre- 

BRUNSWK gation. 	If 	the 	flows 	vary 	with 	time 	and 	if 	this 
flow variation affects the operation of the system, 
the model should be sensitive to it. 

$DINA The simulation of the peak hour from 7:40 to 8:40 
a.m. 	on 	Bloor 	Street was performed 	by 	using 	three 
contiguous 20-min time slices and then by using the 

SI GEORGE 
aggregated flows for the entire peak hours, 	without 
considering 	the 	variation 	from 	one 	subinterval 	to 

BEDFORD the next. 
The link speeds predicted by UTCS-1 are plotted 

in 8'igure 2 for each of the three 20-min time slices 
AVENUE and 	for 	the 	aggregated 	peak-hour 	flow 	rates. 	The 

simulation 	results 	indicate 	some 	inconsistencies 

BAY relative-to what one might expect from a consistent 
model, which is of greater concern than the loss in 
detail 	due 	to 	aggregation. 	On 	link 	2 	the 	speed 

YONGE simulated for 	the aggregated demands is 	lower 	than 
that 	predicted 	for 	any 	of 	the 	time 	slices. 	This 
cannot be rationalized in terms of delays shifted to 

CHURCH or 	from the adjacent 	links 	1 or 	3. 	Similarly, 	the 
speeds 	simulated 	with 	the 	aggregated 	demands 	for 

JARVIS links 10, 11, and 12 are higher than those simulated 
for each of the individual time slices. 	Again, 	this 
cannot be rationalized in terms of delays shifted to 

SHERBOURNE adjacent links, at least in the case of link 11. 
The UTCS-1 statistical package was used 	to com- 

pare the results obtained for each time slice with 
those 	for 	the aggregated demands 	by 	using 	the 	t-, 
Wilcoxon-, 	and 	U-tests. 	The differences were gen- 
erally not significant. 

PARUAMENI These results seem to indicate that UTCS-1 is not 
sensitive 	to 	the 	time 	aggregation 	of 	demands. 	In 
this 	case 	it 	has 	even 	yielded 	results 	that 	are 

CASTLEFRANK inconsistent. 	Checking of the data did 	not 	reveal 
any 	errors, 	and 	it 	was 	therefore 	concluded 	that 
UTCS-1 	was 	not 	sensitive 	to 	time 	aggregation 	of 
demands. 

Figure 1. Simplified Blo 
network for UTCS-1 ap 
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Table 1. Floating-vehide data for Bloor Street network. 

7:40-8:00a.m. 8:00-8:20a.m. 8:20-8:40a.m. 
Section  

Avg SD in' Avg Avg SD in Avg Avg SD in Avg 
Node to Travel Travel Speed Sample Travel Travel Speed Sample Travel Travel Speed Sample 

No. Node Time (s) Time (s) (mph) Size Time (s) Time(s) (mph) Size Time (s) Time (s) (mph) Size 

I 2,3 ' ' 	' 27:8 5.33 25.74 II 
2 3,4 ' . . 66.5 23.05 18.38 II 
3 4,6 	. 49.1 10.47 14.75 II 
4 - 6,8 , 33.2 14.85 17.15 Il 
5 8,10 91.7 4.43 7.54 Il 103.8 39.61 7.71 II 
6 10,12 38.6 5.61 13.32 II 37.0 6.80 14.14 II 
7 12,15 40.6 4.30 21.86 10 40.1 4.44 22.15 II 
8 15,16 32.1 13.62 21.84 20 ' 
9 16,18 20.8 12.22 25.55 20 

10 18,22 31.4 5.20 24.85 20 	' 
'II 22,25 35.7 3.74 19.29 10 38.6 12.55 19.59 10 
12 25,28 ' ' 54.0 20.89 15.28 10 
13 28,25 
14 25,22 	. 60.7, 18.82 13.10 ID 
15 22,18 , 49.6 10.31 16.26 10 
16 18,16 ' '' 16.8 1.81 27.75 10 
17 16,15 ' 61.5 3.98 10.06 10 
18 15,12 . 74.6 7.28 11.88 10 
19 12,10 
20 10,8 
21 8,6 22.9 5.36 22.36 II 
22 6,4 25.6 3.32 27.25 Ii 
23 4,3 63.4 33.16 21.35 II 
24 3,2 40.1 21.35 21.98 11 



Figure 3. Section speeds predicted by UTS-1's 
use of simplified network and five different random 
number seeds. 
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Figure 2. Comparison of simulated section speeds 
for individual time slices and aggregated demand. 

D 

4 

SENSITIVITY TO VARYING RANDOM NUMBER SEED 

Simulation results are an estimate of the expected 
(or average) results that the model would produce 
with an infinite number of runs. A model will 
generally have some bias relative to reality. If 
the user can estimate these biases, the analysts can 
calibrate their models in an attempt to eliminate, 
or at least reduce, them. The expected performance 
of the model itself can be approached by increased 
replication of the simulation procedure, which is 
generally costly and therefore limited. In summary, 
a model's bias will generally be clouded by the 
random variation inherent in stochastic simulation. 
The extent to which this occurs is a function of the 

relative magnitudes of the bias and the random 
variation. 

To obtain an estimate of the magnitude of the 
random error inherent, in the results from a UTCS-1 
model, the simulation of the Bloor Street network 
was performed five times under identical conditions, 
except that a different random number seed was used 
for each replication. The simplified Bloor Street 
network was used in each case and a 107mm period 
simulated at the aggregated hourly demand rate. 

The speeds predicted by the model are plotted by 
link for each replication in Figure 3. A visual 
comparison of the various speed profiles indicates 
that there is little relative sensitivity to the 
random number seed, i.e., the intralink variation 
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due to randomness is small compared with the inter-
link variation for our Bloor Street network when a 
simulation period of 10 min is used. The speed 
profiles of all five curves are quite similar. The 
average intralink variance is 1.9 with a correspond-
ing standard deviation of 1.4 mph. This is small 
compared with the floating-vehicle variation, as 
might be expected, as the former represents a 10-mm 
average, while the latter consists of only single 
vehicles. The results obtained from two of the five 
random number seeds were compared by using the 
UTCS-1 statistical package. The results of the 
statistical tests are summarized in the table below 
(note: FHWA no longer supports the UTCS-1 statisti-
cal package): 

Measure of Statistical Test 
Effectiveness T-Test 	Wilcoxon 	U-Test 
Vehicle trips - 	- 	- 
Travel time/vehicle - 	1% 	- 
Delay time/vehicle - 	1% 
Average speed - 	1% 	- 
Stops/vehicle - 	1% 	- 
Percentage stop delay - 	1% 	- 
Average saturation - 	2% 	- 
Cycle failures - 	- 	- 
M/T ratio 	 - 

The Wilcoxon test Consistently finds them to be 
significantly different while the other tests do not 
find a significant difference. The tests as per-
formed by UTCS-1 are seen to be inconsistent. From 
a visual examination of Figure 3, it appears that 
the Wilcoxon test as performed by UTCS-1 may be 
concluding that significant differences exist where 
they may in fact not exist. In summary, UTCS-ls 
simulation results seem insensitive to the random 
number seed when a 10-mm simulation period is 
used. This indicates that the random error involved 
in simulation with UTCS-1 is relatively small and 
therefore not of great importance. This is not 
surprising in light of the fact that UTCS-1 gen-
erated its exogenous input vehicles at regular 
intervals. 

CONCLUS IONS 

UTCS-1 appears to predict traffic speeds quite 
accurately. The variation due to altering the 
random number seed is quite small, especially in 
comparison with the variation in floating-vehicle 
studies. UTCS-1 speed predictions are also rela-
tively insensitive to aggregation of time slices. 
Therefore it is recommended that a potential user 
carefully study' the peaking nature of the flows in 
the network prior to selecting a level of time 
aggregation. The Bloor Street study has indicated 
the potential cost and possible insignificant bene-
fits due to meaningless disaggregation of flows into 
smaller subintervals when there is not a significant 
number of queued vehicles stored at the end of a 
subinterval. 

UTCS-1 was not found to be sensitive to detailed 
modeling of the simulated Bloor Street network. It 
is therefore felt that most side streets and unsig 
nalized intersections may not merit inclusion in a 
network model for UTCS-1 application. 

Practical applications of the UTCS-1 model will 
generally require the services of a competent sys-
tems programmer, as it is felt that some modifica-
tions or additions to the program would usually be 
required. The model therefore seems more appropri-
ate for application by the frequent user or a con-
sulting UTCS-1 specialist. 

A discussion of potential nonstandard applica-
tions of NETSIM and of potential pitfalls to users,  

based on our own experiences with UTCS-1, are noted 
below. 

POTENTIAL APPLICATIONS OF NETSIM 

A potential application of NETSIM is in testing 
schemes for, on-line traffic cotrol. These would 
include varying the traffic signal green splits and 
cycle lengths. The form of the UTCS-1 model used in 
the Toronto study did not have provision for model-
ing the variation of splits and cycle length due to 
problems of offset transition. One of the purposes 
of that study was 'to determine what additions or 
alterations were required before UTCS-1 could be 
used to test offset-transition schemes. It was 
found that by making some modifications to the 
program the scope for application of UTCS-1 was 
increased. Specific modifications are discussed 
below. 

The computer program did not allow the user to 
change signal control plans between two successive 
subintervals in a simulation run. It did not even 
print out an error message if one attempts to alter 
the signal operation. It simply ignores any such 
instructions. 

The inability of the program to accept different 
signal control plans between subintervals was a 
drawback in the sense that it did not allow the user 
to study the effect on the network of signal transi-
tion from one control plan to another. Since much 
present-day traffic control research is geared to 
real-time or on-line signal control, it becomes 
necessary to change this aspect of this model. The 
first step toward real-time control strategy would 
be to introduce a large number of sequential fixed-
time control plans, each plan lasting only for a 
short interval. To accomplish this another subrou-
tine was added to the original UTCS-1 program. This 
new routine is almost identical to PRSIG (where 
signal codes are primed initially) in the original 
program. The only change is that the signal codes 
are read straight from the cards for the second and 
subsequent intervals instead of reading off the 
tape. The program is also modified to print out 
signal codes existing at the beginning of the second 
and subsequent intervals. 

This feature then gave the user the option to 
study the effect on the network of changing from one 
control plan to another, and the user was then in a 
position to change splits, cycle length, and offsets 
between subintervals. Whenever a change is intro-
duced at any one signal, it is necessary to input 
the signal codes for all the signals. 

Offset Transition 

The computer program was further modified to study 
the offset transition in a network. Changes and 
modifications were performed on routine UPSIG. With 
those modifications the user then had the ability to 
study the effect of offset transition on network 
performance. The input requirements are the node at 
which offset has to be changed, the upstream node 
number of the approach link whose green phase marks 
the beginning of offset transition at the downstream 
node, the required change in offset, a code to 
indicate if the change is an increase or a decrease, 
and the step size during the offset transition. By 
using the above data, the program will take as many 
steps as possible with the given step size and one 
last step size if necessary. It is important to 
note that the program will take only one step per 
cycle and so the subinterval simulation time should 
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be at least as large as the number of steps required 
multiplied by cycle length. Otherwise, the program 
will increase the simulation time to the minimum 
required value and a message to that effect will 
appear in the output. 

Some of the limitations of this approach are as 
follows: 

Offset transition begins only during a green 
phase. 

The indicated green phase cannot have zero 
offset to start with. To overcome this, perpendic-
ular approaches can be coded for transition, as 
their green phase is about half a cycle away. 

Whenever there is a flashing green followed by 
a solid green, offset transition begins only during 
the solid green phase. 

The offset transition is achieved with equal 
steps plus one step of different size if necessary. 

The above modifications perfOrmed by a person who 
had not developed the original UTCS-1 model demon-
strated that the model can be made to perform the 
types of operations required of it. These can be 
achieved through program modifications or the use of 
subroutines via the provided "windows". However, 
application of the model requires some intimate 
knowledge of the program and its routines. There-
fore, the model does not seem compatible with the 
needs of a casual user. It is felt that a potential 
user should first have available a programmer who 
can understand and modify the program, as was the 
case in our study (1). 

SOME POTENTIAL PITFALLS FOR NETSIM USERS TO NOTE 

A few potential problems of which a prospective 
NETSIM user should be aware are cited here. Some of 
these are not outlined clearly in the available 
UTCS-1 documentation, while others have been learned 
from experience and/or trial and error. 

Pedestrian flow levels cannot be specified on 
output links so that dummy internal links must be 
inserted to accommodate them. 

Zero-valued exogenous flows must be specified 
in any time interval when it is required that they 
replace non-zero values. Otherwise the previous 
value will remain. This holds for both entry and 
internal links. 

The embedded parameters are automatically 
assumed, if the user fails to choose one from the 
given set of alternatives. For example, the exist-
ing embedded parameters included a default value of 
0.38 as the probability of left-turn jumps for any 
number of lanes at an intersection approach. For 
the Bloor Street network, the probability of left-
turn jumps was much smaller, and a value of zero was 
used. 

In order to fully use UTCS-l's vehicle dy-
namics capabilities the, user has to add nodes and 
links to represent any significant midblock sources 
and sinks with stop signs. The mainline vehicles 
may be delayed by vehicles entering or leaving the 
roadway, especially the latter that can be particu-
larly sensitive to pedestrian volumes. 

Since statistics cannot be obtained on entry 
links, an additional link must be added in series if 
information is required.for entering vehicles. 

A vehicle can change lanes only when it 
reaches the tail of a queue or when it changes links  

at a node. It cannot switch lanes once it has 
joined a queue. This should be borne in mind when 
modeling a network. 

If the data input is by cards and if the 
simulation run has more than one subinterval, type 
88 cards are not to be used. Type 88 cards are 
necessary only if a data set stored on tape is used. 

The program is not able to handle high left-
turn volumes by using more than two lanes. 

Our version of UTCS-1 did not have provision 
for changing splits, offsets, or cycle length from 
one subinterval to the next. The User's Manual was 
also not clear on this issue. 

In specifying saturation flow headways at an 
intersection approach, the value should be obtained 
for a single through lane. The program calculates 
an appropriate value for lanes with turning move-
ments or other friction factors. 

The UTCS-1 assigns intersection movements at 
random according to the specified distribution until 
80 percent of the subinterval has been processed. 
It then attempts some correction in the final 20 
percent of the subinterval if the random procedure 
has overassigned or underassigned to any of the 
turning movements. Although this was not found to 
be a problem in the Bloor Street simulations, it 
does present a potential problem. To check this, it 
is recommended that a report be printed after 80 
percent of each subinterval and the turning movement 
volumes examined at that point. 

Since capacity can be very sensitive to the 
volumes of pedestrian conflict at intersections with 
significant turning movements, it would seem rather 
crude that it considers only four levels of pedes-
trian volumes. Furthermore, the applications manual 
(3) states that hourly pedestrian volume will suf-
fice, which makes one question the model's sensitiv-
ity to pedestrian volumes, especially when these 
volumes were observed to vary considerably within 
the peak hour on the Bloor Street network. It is 
conceded that the collection of precise pedestrian 
volumes would involve a major effort if they were 
required. 

Although it is stated in the Technical Report 
(3, p. 21) that non-constant headways can be used 
for input of vehicles into the network, the User's 
Manual (4) does not show how this can be accom-
plished. 

A lane, when channelized for through movement 
and left turns or through movement and right turns, 
cannot be handled by this model. 

A T-intersection cannot be handled directly 
as the model requires at least one lane in a link to 
be nonchannelized. 
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Using TRANSYT for Evaluation 
Sam Yagar and E.R. Case 

A companion paper in this report summarizes the 
operational aspects of the UTCS-]./NETSIM models in 
terms of user-interface and evaluative characteris-
tics (see preceding paper in this section) . In the 
same study in which UTCS-1 was evaluated (1) the 
TRANSYT model by Robertson (2,3) was considered as 
an alternative evaluation model to UTCS-l. 

Since TRANSYT was developed as an optimization 
procedure, it has to be able to evaluate various 
schemes in order to find an optimal one. This paper 
looks at the evaluative capability of TRANSYT and 
the effects of varying Certain parameters when 
applying TRANSYT. While Comparing the evaluative 
capabilities of TRANSYT and UTCS-l/NETSIM, this 
paper does not advocate TRANSYT as a replacement for 
NETSIM. It is noted that TRANSYT can only be con-
sidered as an alternative to NETSIM for Certain 
types of applications. For example, TRANSYT cannot 
treat networks with more than one cycle length in a 
simple application. This is discussed in this paper 
along with other TRANSYT shortcomings and potential 
pitfalls that the TRANSYT user should avoid. Also 
discussed is the question of TRANSYT's sensitivity 
to time-aggregation of flow volumes and to the 
user's preestimate of link speeds (an input data 
requirement of TRANSYT). 

DESCRIPTION OF TRANSYT FLOW MODEL 

Unlike UTCS-1, which attempts to simulate the de-
tails of individual vehicle dynamics, TRANSYT is 
based on platoon dispersion. It considers the 
distribution of traffic over time at each single 
location of interest in the TRANSYT network. Ex-
amples of time-distributions of traffic are illus-
trated in Figure la. Figure 1 represents a typical 
cycle of the distribution of traffic over time just 
downstream of a traffic signal. In general, the 
peak level at the beginning represents queue service 
at the saturation flow rate, the second distinct 
level represents arrivals during the green phase 
after the queue has been served, and the lowest 
level represents turning movements onto the street 
during the red phase. TRANSYT applies a platoon-
dispersion algorithm to the distribution in Figure 
la in estimating the behavior of these vehicles 
farther downstream. The effect is that the distinct 
pattern is lost and a dispersed distribution such as 
that illustrated in Figure lb is obtained. To 
obtain the distribution of traffic entering an 
intersection, TRANSYT basically superimposes the 
distributions from any upstream locations whose 
dispersed platoons converge at that intersection. 
This combination procedure preserves the relative 
offsets of the platoons being superimposed. When 
the combined dispersed distribution is filtered 
through another traffic signal, it again attains a 
structure such as that in Figure la. 

The above procedure represents an abstract type 
of simulation model, one that attempts to emulate 
rather than to simulate the traffic flows in a 
network. TRANSYT is easier to work with than 
NETSIM, as it requires less-detailed data and em-
ploys a simpler form of data input. Its performance 
evaluation procedure also requires much less com-
puter time than NETSIM's. TRANSYT needs a quick 
evaluative procedure because it employs an iterative 
"optimization" model that has to perform many evalu-
ations in optimizing the aggregated operation of the  

traffic signals in a network. Therefore, it has to 
be selective in choosing the aspects of a traffic 
network that it will model. The level of its suc-
cess in this regard can be seen in the studies 
reported in Yagar (1,4). 

COMPARISON OF TRANSYT AND UTCS-1 PREDICTIONS 

In a study conducted on Bloor Street in Toronto, 
speeds were predicted by the TRANSYT model as well 
as the UTCS-1 model. The simulation results were 
than compared with speeds obtained by floating-vehi-
cle studies. The experimental results are illus-
trated in Figure 2. There is no discernible differ-
ence in quality of prediction relative to the 
standard of comparison, which was based on 10 float-
ing-vehicle runs. Since it was not practically 
feasible to conduct the number of floating-vehicle 
runs required to ultimately find the better model, 
there was no discernible difference between the 
models. In fact, the models predicted an average 
performance, based on average data, while the float-
ing-vehicle results were based on a number of real-
izations that reflect the varied measures of perfor-
mance various users will encounter. In view of the 
results in Figure 2, the question is raised whether 
a practically sized sample of traffic data has a 
sufficiently small statistical variance to provide a 
better test of traffic control strategies than a 
carefully derived model and, in fact, whether the 
test of a model based on manually obtained data is 
even appropriate. 

SENSITIVITY OF TRANSYT TO TIME-AGGREGATION OF FLOW 
VOLUMES 

The effort required to simulate a sequence of short 
individual time slices is considerably greater than 
that required to simulate one longer period with 
aggregated demands from the viewpoints of data 
collection, data reduction, and computer processing 
(1). A study was therefore conducted on Toronto's 
Bloor Street network to determine TRANSIT's sensi-
tivity to the time variation in the input flow 
demands as simulated by the use of short time 
slices. This was done by comparing the individual 
TRANSYT speed predictions for each of three sequen-
tial 20-min time slices to the speeds that would be 
predicted if these sequential flow levels were 
aggregated into a longer period. 

The speeds predicted for the links of the Bloor 
Street network by using the aggregated peak-hour 
volumes are plotted in Figure 3. For comparative 
purposes the speeds predicted for the individual 

Figure 1. Typical time distributions of traffic at specified locations. 
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Figure 2. Comparison of UTCS-1 and TRANSYT with floating-

vehicle confidence,intervals (shaded background). 
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Figure 3. Comparison of TRANSYT results for individual 

time slices and aggregated demands. 
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time slices are shown in the background. As with 
the UTCS-1 simulation (1), there are some inconsis-
tencies where the results from using the aggregated 
demands are extreme, notably for links 3, 10, 21, 
and 23. However, these inconsistencies are less 
pronounced than with the UTCS-1 experience described 
in our other paper in this report. Also, it is 
conceivable that some travel time has been trans-
ferred to or from adjacent links in that case. It 
appears that TRANSYT, like UTCS-1, is not very 
sensitive to a reasonable level of time aggregation 
of flow volumes. This result is supported by more 
recent results obtained by using TRANSYT 7 in a 
network in Waterloo (5). It would therefore seem 
reasonable to use peak-hour volumes rather than 
shorter time slices in applying TRANSYT.'  

SENSITIVITY OF TRANSYT TO PREESTIMATION OF LINK SPEED 

The definition of the term average link speed in the 
documentations (2,3) of the TRANSYT model is rather 
unclear. Rather than attempting to arbitrarily 
interpret this definition, a study, was performed on 

the sensitivity of TRANSYT results to various inter-
pretations of this term. This was done by assuming 
that the average link speeds on all links were the 
same unknown value and treating this value as a 
parameter. The intention of the substudy in this 
section was to observe the sensitivity of the re-
sults to the variation in this parameter and to 
calibrate the parameter for the Bloor Street net-
work. This calibrated value could then also serve 
as a rule-of-thumb estimate of average link speed 
for other similar networks. 

The operation of the Bloor Street network was 
simulated by using a common value of average link 
speed for all links in the network. Simulations 
were performed by using values of 15, 20, 25, and 30 
mph for this parameter. The section speeds pre-
dicted by TRANSYT are plotted in Figure 4 for each 
of the values assumed for the average link speed 
parameter. The average floating-vehicle value is 
also plotted for each section. It is seen that 
TRANSYT is very sensitive to the estimated speed 
values. Therefore, the user should be quite careful 
in estimating them. Since the TRANSYT documentation 
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Figure 4. Calibration of average link speed parameter for 
TRANSYT with respect to floating-vehicle studies. 

SECTION NUMBER 

(2,3) does not seem to be specific enough for this 
purpose, we have adopted that value for average link 
speed (30 mph) that gives the best results relative 
to the floating-vehicle speeds. This is, in a 
sense, a calibration of our Bloor Street TRANSYT 
model to floating-vehicle results. 

It is noted that only the evaluative capabilities 
of TRANSYT were considered in this study. Before 
using TRANSYT as a signal optimization tool, one 
should ensure that the preestimated speeds (or 
travel times) correspond to the values that the 
model requires, as TRANSYT's evaluations have been 
found to,  be sensitive to these preestimates. Its 
optimizations rely on its evaluations and would, 
therefore, be at least as sensitive. Since the 
optimization procedure determines optimal offsets, 
it would find them for the link speeds (or travel 
times) that it perceived. Incorrect preestimates 
would cause the TRANSYT optimization procedure to 
suggest incorrect offsets and therefore non-optimal 
solutions. 

SOME POTENTIAL PITFALLS FOR TRANSYT USERS 

Some minor problems were encountered in using TRAN-
SYT 5. These potential pitfalls are described for 
the benefit of prospective TRANSYT users. (Some of 
these problems have been alleviated in more recent 
versions of TRANSYT.) 

The program did not accept any negative off-
sets or any offsets greater than half the cycle 
length when specified on the type 88 cards. These 
were therefore specified on the type 12 cards along 
with the red-green splits. 

Volumes entering a link from given upstream 
links as specified in columns 30, 45, 60, and 75 of 
the type 32 cards must be '10. This is stated in 
the manual, but no reason is given for it. 

For both evaluative and optimization purposes, 
TRANSYT requires that a common cycle length be 
specified for all of the traffic signals. This can 
be overcome partially by partitioning the network so 
that all of the traffic signals of each subnetwork 
have a common cycle length. Problems of boundary 
interface between subnetworks still remain, however. 

In treating closed loops, TRANSYT must have a 
sequence in which it is to treat the links in the 
loop. It must know the flow on a link before it can  

treat that link. However, the flow on each link in 
the loop will depend on the flow on another link in 
the same loop. In order to have a starting point, 'a 
dummy link must be defined, parallel to one of the 
links in the loop and with a link number that is the 
negative of its parallel link. (In TRANSYT 7, loops 
are generated internally--the user no longer inputs 
a link list.) 

TRANSYT requires an estimate of average jour-
ney time or 'speed for each link (specified on card 
type 32, columns 31-35) . There is difficulty in 
interpreting the definition of this link speed. 
This paper has attempted to provide some guidance in 
this regard. 

CONCLUSIONS AND RECOMMENDATIONS 

Although TRANSYT has been developed as an optimiza-
tion model, its evaluative capabilities were found 
to be commensurate with those of UTCS-1, at least 
relative to the floating-vehicle standards to which 
they were compared. Since TRANSYT's data and com-
puter requirements are less than those of UTCS-1, it 
is recommended that TRANSYT be seriously considered 
for any evaluative purposes to.which it is appli- 
cable. 	 / 

It would be desirable to have a TRANSYT type of 
model developed that could simulate the effects of 
queuing delays and spillbacks that occur due to 
limited queue storage capacities of the links. This 
would increase the scope for TRANSYT's applications. 

TRANSYT's estimates of link speeds were found to 
be quite insensitive to aggregation of time slices, 
but very sensitive to the preestimation of link 
speed that the user must specify in the data input. 
For the Bloor Street network, a preestimate of 25 to 
30 mph was required. 
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Interactive Computer-Graphics User Interface for 
Traffic Simulation Models 
Shih-Miao Chin 

The sustained dependence on automobiles and decreas-
ing availability of urban land has intensified the 
urban traffic problem. 	The 'practicing traffic 
engineer has long needed a problem-solving aid to 
deal with the increasingly sophisticated and complex 
urban traffic flow problem. In order to understand 
the behavior of an urban street system and to evalu-
ate various corrective strategies implemented on 
such a system, one has to construct a model that 
best represents the internal relationship among 
components 'and accurately predicts the system per-
formances. Due to the size of the urban street 
network and the random' nature among vehicles and 
drivers, 'it is impossible to use an analytical 
approach to model such a system. On the other hand, 
a simulation model becomes appealing in modeling the 
large urban network. Furthermore, with the aid of 
modern digital computer technology, it is economical 
and practical to apply digital computer simulation 
modeling in solving vehicular movement problems on a 
large urban street network. Subsequently, many 
computer traffic simulation models have been devel-
oped in order to help the traffic engineer to deal 
with complex urban traffic flow problems. Among 
these, NETSIM, TRAFLO, INTRANS, and FREQ6PE are the 
most widely known. 

ISSUES WITHIN TRAFFIC SIMULATION MODEL 

Although computer traffic simulation models 'ar-e 
useful in predicting the performance of urban net-
works, certain deficiencies quickly become apparent. 
A simulation model is only a simplification of an 
actual system. The results obtained from such a 
model are only as good as its capacity to reflect, 
in this case, a real-world urban street network. 
The vehicular flow within an urban network is a very 
complex phenomenon. In order to fully describe 
and/or accurately predict such a system, the traffic 
simulation model must be relatively complex. Conse-
quently, computer traffic simulations require exten-
sive input data bases. 

One study (1) shows that 85 percent of the total 
cost of an initial NETSIM model run consists of 
information coding costs. For succeeding runs, 
approximately 65 percent of the total cost is in 
input data modifications. There are several prob-
able reasons for such high input data preparation 
Costs. Conceptually, most traffic simulations are 
modeled on a simplified link-node network. A node 
represents the intersection, and a link represents 
the street segment between intersections. Some 
microscopic models even require more detailed repre-
sentation of traffic lane configuration within the  

link. Unfortunately, the digital computer Cannot 
process such a link-node network. Every necessary 
piece of information must be digitized. A clerical 
service is required to "translate" the link-node 
network into rows and columns of machine-acceptable 
digital data. The intuitive physical meaning of the 
geometry and signal information is oftentimes lost 
during the translation process. The coder is conse-
quently faced with the problem of constantly refer-
ring to the network diagram and user's manual. This 
is time-consuming and confusing. In addition, much 
of the required input data does not always follow a 
logical order. As a result, some input information 
is duplicated. This interrelated information re-
quires the coder to recall prior input data, a 
situation which in many cases leads to inconsisten-
cies. Finally, options have to be provided within 
the input field in order to accommodate a variety of 
situations. Such option spaces are often scattered 
throughout the input data field and may not follow 
any apparent pattern from the user's point of view. 
Consequently, many errors may result in the input 
data file. The traffic simulation model has the 
capability of detecting errors and prints out error 
messages. However, the error message is often in 
numerical format and does not clearly indicate the 
mistake made by the coder. more decoding and encod-
ing clerical work is required between the network 
diagram and the alphanumerical input data listing. 

On the other hand, the traffic simulation model 
also requires many different and sometimes conflict-
ing measures of effectiveness (MOE5) to describe the 
overall performance of the network. The number of 
MOEs is frequently further complicated by the size 
of the network. As a result, voluminous outputs are 
generated by the computer. Although they are pre-
sented in an appealing format, they are sometimes 
difficult to interpret. While the outputs are 
useful in defining the existence of potential prob-
lems, it may be difficult for the user to understand 
how such problems have evolved during the simula-
tion. It is difficult for such a large amount of 
information to be conveyed to and assimilated by the 
user within a short period of time. 

INTERACTIVE COMPUTER-GRAPHICS USER INTERFACE 

with regard to the problems associated with the use 
of computer traffic simulation models, interactive 
computer-graphics user interface, in conjunction 
with existing simulation packages, can aid in reduc-
ing or even eliminating many of the deficiencies. 
Since pictures convey more information than do 
tables and in a more easily assimilated manner, 
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Figure 1. Display of one time frame for a four.intersection network generated 

by GRANT. 

Figure 3. Queue length display generated by NETSIM/ICG. 

__ift 1L_ 

Figure 2. Display of enlarged intersection generated by GRANT. 

computer graphics aid immensely in demonstrating the 
operation of the traffic simulation models. There-
fore, such user interface is an invaluable aid to 
the understanding of the traffic simulation models, 
preparing input data, detecting errors, and inter-
preting their results. 

RECENT DEVELOPMENTS 

The use of interactive computer-graphics user inter-
face alone or combined with existing packages is 
relatively recent. Generally these developments can 
be categorized into three major groups according to 
their utilities, namely, generation of animated 
traffic flow, graphics display of generated MOE5, 
and computer-graphics-aided data preparation and 
debugging. 

Mimated Traffic Flow 

The STARK/NBS (2) model is a fairly detailed simula-
tion model that uses deterministic traffic behavior 
rules including such factors as lane-changing logic, 
gap acceptance, right-of-way, and car following. 
However, the model is not flexible in admitting 
input data. The model has the capability of produc-
ing a CRT-based movie of the simulation. This gives 
the model the appearance of realism. The Aerospace 
Corporation Model VPT (Vehicle Performance in Traf-
fic) (2) is an exceptionally detailed, totally 
microscopic network model. The user may choose 
desired output from a wide variety of traffic-re-
lated MOEs including movie representation of the 
network flow. NETSIM (3) is an extension of the 
UTCS-l/SCOT model. The model is a microscopic 
simulation, dealing with the movement of individual 
vehicles in an urban street network, according to 
oar-following, queue discharge, and lane-changing 
theories. Joline (4) of Aviation Simulation Inter-
national developed a movie presentation of the 
UTCS-1 model that displays the movement of individ-
ual vehicles within an urban network. This film has 
been useful in demonstrating the relationship among 
traffic flow patterns and signalization timing and 
illustrating the model's functions to potential 
users. This work also has helped to identify errors 
in the model that have led to various modifications. 

The movie representation of the animated traffic 
flow is expensive and its applications are limited. 
Despite the movie representation, Eiger, Chin, and 
Woodin (5) have developed a program, GRANT, that 
generated NETSIM-based passive displays of animated 
network vehicle flows on a CRT (Figures 1 and 2). 
Modifications of the network geometry or related 
parameters can be easily accommodated. Such ani-
mated displays can be used in searching for high-
performance traffic management strategies. Subse-
quently, a revised program NETSIM/ICG (6) has been 
developed that can provide both real-time and pas-
sive animation of traffic flow. Furthermore, the 
animated queue length display is also provided by 
NETSIM/ICG (Figure 3). With this capability, the 
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Figure 4. Four network MOE graphs generated by NETGRAF. 
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Figure 5. Comparison graphs for two network MOE, generated by NETGRAF. 	 ME-WW. CASt II Y 
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traffic engineer can obtain similar information as 
animated traffic flow but with less computation and 
display. 

MOEs Display 

Parakh (7) proposed to improve the analysis of a 
large-scale flow problem by visually displaying the 
output of a computer simulation. His proposed 
Graphical Interactive Traffic Simulation (GRITS), a 
deterministic platoon-level model, can produce 
local-global displays of simulated network condi-
tions. More specifically, the program has the 
capacity to display, at each intersection, the 
three-dimensional plots of MOEs as a function of 
signal split and cycle time. 

Schneider and others (8-10) have developed the 
NETGRAF system, which is a graphics system designed 
to aid the use and interpretation of NETSIM re-
sults. The MOE data can be displayed for one NETSIM 
model run (Figure 4) or comparisons between differ-
ent simulation runs (Figure 5). These graphs can be 
used by the traffic engineer to aid in the develop-
ment of new strategies designed to achieve higher 
performance levels. NETGRAF is easy to operate and 
inexpensive. A novice user can learn to operate it 
with only a few hours of training and, with less 
than a week's experience, can easily generate 40 
graphs/h. Limited experience with a small test 
network has shown that the computer time cost of  

producing the graphics is less than fifty cents each. 
Along the same line, Schneider and others (11,12) 

also developed the FREGRAF system, which is a 'com-
puter graphics program to aid the use and interpre-
tation of a macroscopic freeway simulation model 
FREQ6PE. This simulation model was designed to 
assist the formulation and evaluation of entry 
control plans for freeway ramps. The user first 
defines the problem, develops an appropriate data 
base, and then uses FREQ6PE to simulate the existing 
condition. After studying the output and graphs 
(Figures 6 and 7) generated by FREGRAF, an objective 
function would be selected and an , optimization 
process is performed to find the optimal ramp con-
trol plan. FREQ6PE would then be used again to 
simulate the problem area under the optimal control 
plan. New output and graphs would then be gener-
ated, with which the user would try to modify the 
control plan to eliminate or reduce some MOEs to an 
acceptable level. With limited testing, the objec-
tive of finding a control plan 'by using a graphic 
aid, FREGRAF, that can 'outperform the strategy 
generated by the optimization program in FREQ6PE is 
not entirely achieved. However, it is believed that 
further tests with, an experienced traffic engineer 
would obtain more desirable results. Like NETGRAF, 
FREGRAF is also inexpensive to operate as a lim-
ited-experience user can easily produce 40 graphs/h 
at a computing cost of less than fifty cents each. 

NETSIM/ICG developed by Chin and Eiger provides 
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Figure 8. Perspective plot of MOE generated by NETSIM/ICG. 
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both real-time and passive three-dimensional display 
of link-specific MOEs as generated by the NETSIM 
model (Figure 8). Such displays provide the user 
with more easily assimilated information with which 
he or she can comprehend the operation of the net-
work. 

Graphics-Aided Data Preparation and Debugging 

The major and most interesting feature of the NET-
SIM/ICG is that the program provides an alternate 
method for preparation of input data required by the 
NETSIM model. The program uses the interactive 
computer graphics capabilities that allow the user 
towork on a physically meaningful link-node dia-
gram. The interactive data input, both graphically 
and through the keyboard, is in free format that 

also follows a systematic procedure without refer-
ring to the user's manual. The program also pro-
vides the capability to graphically display, to as 
great a degree as possible, the input data. When 
preparing the signal time information, for example, 
the user actually works with both link-node diagrams 
and signal-phasing diagrams. The link-node diagram 
shows overall intersection orientation and phasing 
diagrams show detail and tedious signal-timing 
information. For the actuated signal, the user in 
effect graphically 'puts' the detectors on each 
approach on a lane-detailed network diagram (Figure 
9). The graphic displays of input data can also be 
used in detecting errors within the input data 
file. The displays would either produce an erro-
neous or Obvious inconsistency (Figure 10) . Finally 
the program allows the user to retrieve and modify 
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Figure 9. Actuated signal-phasing 	 TEST CASE 
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the previously defined data. Consequently, NET-
SIM/ICG prpvides the user with an intuitive, direct, 
and efficient method to prepare and debug the NETSIM 
input data. 

The NETSIM/ICG is easy to operate. Each input 
step is preceded by a full description of required 
information. The user can easily code a network 
without referring to the user's manual. Limited 
experiences indicate that the costs, both in staff 
and computer time, associated with using NETSIM/ICG 
in data preparation vary from network to network. 
For example, a 20-intersection network with two 
actuated signals and two bus routes (Figure 9) 
requires approximately 5 person-hours and $50 worth 
of computer time. However, a 27Tintersection net-
work with only fixed-time signal and no buses (Fig- 

ore 11) requires approximately 3 person-hours and 
$25 worth of compdter time. The five-intersection 
network (Figure 10) requires 0.5 person-hour and $5 
worth of computer time. 

SUMMARY AND CONCLUSION 

Recent developments of interactive computer-graphics 
user interface for traffic simulation models are 
discussed. Each developed interface is using the 
capability provided by computer graphics to graphi-
cally "translate" the alphanumerical information 
needed and/or generated by the digital simulation 
program into a display. with a more easily assimi-
lated format. Such graphic capability enables the 
traffic engineer to reduce, or on occasion even 



110 
	

TRB Special Report 194 

Figure 11. A-27 intersection land-detailed network 	UTCS TCSI DATA 

plot generated by NETSIM/ICG. 	
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eliminate, some of the difficulties associated with 
traffic simulation models such as extensive data 
preparation, tedious debugging, and voluminous 
printouts. It is my hypothesis that computer graph-
ics aid in input data preparation, and debugging 
would achieve a greater benefit for the traffic 
engineer compared with applications like animation 
of traffic flow or output information display. 
Therefore, future research efforts should concen-
trate on the development of algorithms that use as 
little additional geometry data as possible and to 
generate sufficient network diagrams as needed by 
the simulation model. A typical example of this is 
to design an algorithm that would generate the 
lane-detailed urban street network mixed with free-
ways and their on-and-off ramps. 

Most of the interactive computer-graphics user 
interface systems discussed in this paper, unfortu-
nately, are not production-level softwares. In some 
cases this is because of the proprietary nature of 
the work. Some systems need further testing and 
contain several errors that are as of yet uncor-
rected. In addition, the overall potential utility 
of these user interface systems has yet to be as-
sessed. The lack of opportunity to test these 
programs is probably due to the lack of availability 
of computer-graphics hardware, the lack of porta-
bility of the computer-graphics language, and the 
fact that most practicing traffic engineers are not 
graphics-oriented people. An effort should be made, 
within developing future interface situations, to 
use as few machine-dependent graphics subroutines as 
possible. Furthermore, all graphics subroutines 
should be grouped into a simple, basic subroutine 
library such as MOVE, DRAW, OPEN. (subpicture), CLOSE 
(subpicture), etc. In this way, only a few changes 
are needed when the program is being transferred to 
another machine. Emphasis on the use of computer 
graphics should be placed at the college level. 
Prospective traffic engineers should be exposed to 
the computer-graphics environment and realize the 
potential benefit of such technology. Subsequently, 
computer graphics will become an integral part of 
their engineering task when they graduate. 

The use of interactive computer-graphics user 
interface with traffic simulation models is rela- 

tively recent. Substantial efforts are still needed 
in research, development, and implementation of such 
a new technique. 
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