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FOREWORD 

The use ot computer models tor analyzing traftic operational pJroblems and 
evaluating proposed improvements is one of the newest areas of the field of 
traffic engineering. Consequently, many practicing engineers are not familiar 
with the concept, use, application and/or the availability of these models. 
Yet, it is apparent that urban traffic engineers expend a considerable portion 
of their time in developing and evaluating alternative improvements relative to 
traffic operational problems, primarily signal systems, and that the use of 
these models could significantly benefit them. 

This Handbook ot computer Models tor Traffic Operations Analysis has been 
prepared to inform the practicing traffic engineer of the computer models which 
are avai I able tor developing and evaluating practical, day-to-day, transporta
tion management problems. This Handbook provides sufficient information to 
permit the reader to understand the practical applications of the more sig
nificant models and to select those models which would be most beneficial 
considering the capability of available personnel and equipment. 

To further assist the potential user, a Technical Appendix was prepared which 
describes over 100 models that have been developed in the past to serve as a 
guide in selecting other models to assist in unique problems. A tape I ibrary 
has been prepared which includes the ten models described in the Handbook. 
These models and further information concerning the models discussed in this 
Handbook can be obtained by writing the Safety and Traffic Implementation 
Division, FHWA (HRT-20), 6300 Georgetown Pike, Mclean, Virginia 22101 or by 
contacting Mr. David R.P. Gibson of their staff at (703) 285-2378. 

R. J. Betsold 
Director, Office of Implementation 
Federal Highway Administration 

NOT I CE 

This document is disseminated under the sponsorship of the Department of 

Transportation in the interest ot information exchange. The United States 
Government assumes no I iabi I ity tor its contents or use thereof. 

The contents ot this report reflect the views of the Office of Implementation ot 
the Federal Highway Administration, which is responsible tor the tacts and 
accuracy of the data presented herein. The contents do not necesari ly reflect 
the official policy ot the Department ot Transportation. 

This report does not constitute a standard, specification or regulation. 

The United State Government does not endorse products or manufacturers. Trade 
or Manufacturers' names appear herein only because they are considered essential 

to the object of this document. 
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CHAPTER 1 - INTRODUCTION 

There has been an increasing awareness on the 
part of the Federal Highway Admin lstratlon 
that practicing traffic engineers are not 
taking advantage of the research and exper l
ance gained in the development of computer 
models to solve many of their transportation 
management problems. This lack of use Is due 
to many factors, both real and imagined, 
which practicing traffic engineers associate 
w I th the use of computer models. 

Many traffic engineers may be reluctant to 
use computerized tools because of one or more 
of the tol lowing reasons: 

1. Unfamiliarity with existing models and 
their appl I cations, 

2. Negative attitude resulting from a bel let 
that computer models will not give prac
tical results, 

3. Bel let that use of models requires exper
tise In traffic flow and mathematical 
theory beyond the Ir know I edge and exper f
ence, 

4. Difficulty In obtaining the software pro
gram and model documentation, 

5. Lack of computer hardware to run the 
models, and/or 

6. 11Fear 11 of computers. 

PURPOSE Of HANDBOa< 

Th Is Handbook has been prepared to inform 
practicing traffic engineers of aval lab le 
computer m:>dels which can be used to solve 
many transportation management problems. 
This Information ls Intended to faml I far ize 
traffic engineers with the models which have 
proven to give practical results, that -are 
w I th In the Ir capab 11 I ty to use and are read-

Figure 1. Engineer's Di lerme 

lly available to their organization through 
the Federal Highway Adm In i stration. 

The Handbook is intended to fami Ii er ize the 
practicing engineer with computer nodel ing 
concepts and consi deratlons in se I acting 
models tor the Ir use. The Handbook describes 
a number of specific models that can assist 
the engineer in solving a wide range of traf
fic and transportation management problems. 
The node Is described were se I acted on the 
basl s of past acceptance by practicing traf
fic engineers; their theoretical validity; 
practical results; as wel I as their avail
ab i Ii ty, documentation and 116 intenance by 
pub I i c agencies. Wh I I e these m:>d e Is gener
a I ly represent the current state-of-the-art, 
there are many other worthwhile models in use 
or being developed which can serve similar 
purposes. 

BACKGROUND 

The use of 
the newest 
g-lneering. 
there have 

computer traffic m:>dels is one of 
areas In the field of traffic en

In spite of Its brief h1story, 
been significant developments in 
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the use of computer r10dels as analytical 
tools for evaluating various traffic engi
neering projects (Ref. 1.1). Unfortunately, 
most of the published documentation has been 
I imited to theoretical dissertations and/or 
model validation by research institutions or 
development of special purpose models used by 
state and large metropolitan agencies. More 
recently, articles on the application and use 
of mode Is to eva I uate potent i a I area-wide 
improvements in a few large metropolitan 
areas have been published but with little 
detai I on the models used. When reviewed by 
the practicing engineer it is easy to get the 
impression that on I y an army of exp er ts can 
apply the models to solve problems. 

Traditionally there has been a lag between 
the theoretical development of traffic models 
and their applications in the field. This 
I ag is due pr i mar i I y to the need for the 
"deve I oper II or theorist to I ook at "why" 
things happen, while the traffic engineer is 
concerned more with 11 what 11 happens. Thus. a 
review of I iterature related to computerized 
traffic models reveals that the available in
formation is heavily oriented toward basic 
relationships of traffic flow theory and is 
written in mathematical terminology which is 
often conf us Ing to the average reader. Nor
ma I ly. these aspects of model theory and 
operation are recognized by the traffic engi
neer as essential to model development, but 
the practitioner may not readily discern how 
the model can be applied to help solve a 
particular problem. 

In the past, practicing traffic engineers 
utilized rrodeling techniques in one form or 
another to assist in solving their problems. 
The early traffic engineer used iconic. or 
physical, models of a facility to assist In 
evaluating specific improvements. These were 
often in the form of sea I e rrode Is. but more 
frequently were graphic models. such as the 
time-space diagram. In more recent years, 
the traffic engineer has used both analog and 
symbolic models, manually or with a computer, 
to evaluate effects of Implementing Improve
ments. The more widely used models for eval
uation are those for capacity analysis, 
signal timing and traffic assignment. 
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Within the last ten years the traffic engi
neer has found that these traditional tech
niques cannot provide the insight needed to 
eva I uate the comp I ex prob I ems faced on 
streets and highways today. No longer can It 
besaid"weneedanew highway." Today itis 
expected• and r i ghtf u I ly so. that a I I of the 
techniques avai I able to Increase the traffic
carrying capacity of the existing facilities 
have been exhausted. The potential improve
ments one must consider range from the tradi
tional solutions of improved signal timing 
and phasing, interfacing of signals, turn 
prohibitions, parking prohibitions, exclusive 
turn lanes. and additional through lanes to 
more extensive and comp I ex solutions such as 
a centralized traffic control system, ramp 
metering. priority lanes and priority treat
ments for high-occupancy vehicles. 

Current techniques used by the pr act ic Ing 
traffic engineer can be applied to each of 
the above control strategies to provide some 
i nsl ght Into the advantage of their use. 
However, increasing traffic de110nd and its 
accompanying problems are spreading rapidly 
throughout most urban areas and are no longer 
restricted to Isolated intersections, arter
ials and/or the central business districts. 
Instead the traffic engineer is faced with 



traffic problems on complex street and free
way networks and does not have the t unds tor 
evaluating alternative traffic control pol i
cies which could be implemented to solve the 
problem with traditional techniques. This 
situation is aggravated by the tact that pro
posals tor local traffic engineering improve
ments are often subject to funding approval 
at the state and tedera I I eve Is. The 
approval process places the burden on the 
local traffic engineer to demonstrate that 
the engineering analyses supporting the 
proposal are technically sound. 

Fortunately, recent developments in traffic 
computer ,rodel Ing provide the practicing 
traffic engineer with the opportunity of 
evaluating alternative traffic control strat
egies with much of the same basic information 
required using traditional methods. In fact, 
a more comprehensive evaluation of individual 
improvements and the incrementa I benefits of 
more elaborate and expensive solutions may be 
obtained at little additional cost. In order 
to use these techniques, the practicing 
engineer must be faml I iar with the use and 
benefits of computer traffic nodels to a 
sufficient degree that both the potential 
benet I ts, and the cont i dance in us Ing the 
techniques for solving day-to-day problems, 
can be both realized and appreciated. It was 
with this In mind that the Federal Highway 
Administration initiated a project to develop 

Figure 3. Computer Control System 
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the Handbook on Computer Models tor Traffic 
Operations Anal ysl s. 

CRGANIZATION OF HANDBOOK 

The next chapter of this Handbook includes a 
d I scussl on on computer model i ng concepts and 
its use in solving problems. This chap"tl:lr 
a I so describes the various types of computer 
models based upon model Ing techn lques and use 
of a simple example to i I lustrate the con
cepts discussed. 

The chapter fol low Ing the one on concepts 
describes criteria which could be useful in 
evaluating specific models and the basis tor 
"the selection of models included in this 
Handbook. 

A chapter is then devoted to each of the ten 
(10) models selected tor inclusion in the 
Handbook. Each chapter provided describes 
model input requirements, internal opera
tional procedures, sign lticant computational 
algorithms, output reports and other features 
and cons I deratlons in the use of the models. 
An example application of each model ls also 
Inc I uded. 

The fin a I chapter descr I bes some of the 
models presently under development and their 
potential use as wel I as some general conclu
sions of model problems and needs that must 
be addressed in future model development. 
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CHAPTER 2 - COMPUTER MODELING CONCEPTS 

A model is simply a representation of a real 
world object or process. Physical models are 
used to represent objects, structures, etc. 
Mathematica I ITOde Is ere used to represent 
established relationships which evolve from 
some process, such as the interaction between 
speed, flow, and density in a traffic stream. 
Computer ITOdels are, of course, mathematical 
rather than physical in nature. The use of a 
mathematical rrodel does not necessarily 
require a computer; however, models that 
describe complex relationships or multiple 
operations are usually easier to incorporate 
into a computer program than to operate 

manual I Y• 

APPROACHES TO PROBLEM SOLVING 

There are two general approaches to numerical 
problems in engineering. The first is the 
experimental, or empirical approach, in which 
answers to engineering questions ere sought 
by actual measurement, rather than cal cu la
t ion. For example, the traffic carrying 
capacity of a roadway has been addressed 
experimentally to determine the effect of 
such factors as roadway width, parking, etc. 
The results have been incorporated in the 
"Highway Capacity Manual" (Ref. 2.1). Many 
engineering problems can be addressed 
ex per i men ta I I y. The main advantage of the 
experimental approach is the credibility 
resulting from making direct measurements of 
a specific process under specific conditions. 
There is no need to rely on assumptions, 
approximations, or other factors that may 
reduce confidence in the validity of the 
solution to a given problem. 

The 11Dde Ii ng approach, on the other hand, 
makes use of available information on the 
process being studied to generate additional 
information, generally in the form of spe
cific answers to specific questions. The 
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Figure 4. How Does It Work? 

modeling approach, applied to problems of 
sufficient complexity to werrant the use of a 
computer program, is the subject of this 
Handbook. 

Compared to the direct measurement approach, 
computer rrodeling offers some important bene
fits in certain ereas, especially when ap
pl led to complex problems which do not lend 
themselves to simple experimental solutions. 

Specific advantages include: 

1. Cost: since it is usually possible to 
model a complex situation (such as a m::>on 
landing) at much lower expense, 

2. Safety: 
seldom 
duties, 

since 
injured 

computer 
in the 

specialists ere 
course of their 

3. Speed: since many processes (such as 
weather patterns) can be simulated at many 
ti mes their actua I speed, 

4. Scope: since it is possible using com-
puter rrodel ing to examine hypothetical 
problems (such as a proposed trea,/ayl or 
to extend the parameters of a real problem 
beyond the range of practical experirren
tation (e.g., future traffic volumes). 
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5. Control labi I ity: Since it is usually 
easier to constrain the parameters of a 
model so that the effect~ of each para~ 
eter may be Independently control led. 

Al I of these advantages are of some Interest 
to the traffic engineer who is concerned with 
systems that are costly to instal I, which 
experience safety problems, and which require 
data analysis over long time periods, often 
under hypothetical conditions. These systems 
also involve complex relationships between 
variables which dety both analytical methods 
and field measurements. It Is not surpris
ing, therefore, that substantial effort has 
been put Into the development of computer 
models for use as traffic engineering tools. 

There are, however, shortcoml ngs assoc I ated 
with the modeling approach, which have 
I lmlted Its popular tty with traffic engi
neers. 

Such specific problems Include: 

1. Credibility ot results: Since the answers 
obtained through simulation do not evolve 
trom a real world process, but rather 
through a fictlcious approximation ot that 
process. 

2. Personnel requirements: Since the use ot 
computer lzed techn lques often assume the 
need tor specialists with a general knowl
edge of model Ing techn lques and with 
detailed knowledge of the process being 
simulated. 

3. Computer requirements: Which often exceed 
the resources available to the prospective 
user. 

For these reasons, computerized rTDdel Ing 
activities have been avoided by many local 
traffic engineering agencies and have been 
carried out instead by consultants, univer
sities, and larger governmental agencies. 
One of the purposes ot this Handbook, and the 
collection of models It represents, Is to 
facilitate the analysis of local traffic 
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operation problems by local practicing traf
tlc engineers. 

COMPUTER MODEL APPLICATIONS 

S Ince rTDdel ing Involves the representation of 
a real-world process, it natural ty fol tows 
that its application Is predicated on a 
thorough knowledge of the rules which govern 
the process. Model Ing a process which is not 
ctea--ly understood to begin with is likely to 
be a waste of time. This Is the first rule 
which governs when and where to apply c~ 
puter mode Is. 

A second rule suggests that the use of c~ 
puter models should be subordinate to the use 
of noncomputerized analytical or experimental 
techn I q ues. In other words, it shou Id be 
clea"ly established that the process does not 
lend Itself to simple analytical methods. It 
should also be established that, under cer
tain circumstances, model Ing is preferable to 
an experimental approach. 

A third rule is also proposed for special 
cases where decisions may be extremely criti
cal. This would generally apply to la"ge 
projects where mistakes could be costly in 
the financial sense, or in terms of the 
potential tor catastrophic system ta i lure. 
In such cases, simulation techniques IIEIY 
prove to be va I uab le as a supp lament to the 
more convent Iona t methodology, to gt ve an 
added degree of confidence to the decision 
making process. 

Some general .reas where model Ing has been 
used extensively include: 

1. Air and space craft oper at Ions, where 
hypothetical designs and operational situ
ations can be tested In a safer and nore 
economical manner. 

2. Power di str I but Ion networks where poss Ible 
modifications to an existing system can be 



examined without disturbing the actual 
operation. 

3. Telephone coomunication systems where dif
ferent conf I guration parameters, message 
control strateg I es, etc., can be invest I
gated under variable loading conditions. 

4. Term Ina I operation where the hand I Ing of 
passengers and freight can be rrodeled, to 
seek more efficient and economical meth
ods. 

5. Transportation planning, in wh I ch si mu
I ated trips can be assigned to a transpor
tation network according to a specified 
algorithm, to determine the need for, and 
optima I location of, future transportation 
tac I I ities. 

6. HI ghway safety, where the character I st ics 
of a highway crash can be simulated using 
the laws of kinematics and dynamics to 
predict vehicle paths, extent of damage, 
etc. For example, the computer generated 
drawing in Figure 5 shows the simulated 
paths of two vehicles Involved in a side
swipe col llsion. 

FI gure 5. Samp I e output from the "Smack" pro
gram showing a simulated crash be
tween two vehicles. 
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This Handbook focuses on one particular ap
pl !cation of computer rrodel Ing; spec I ti cal ly 
the con1rol of street and highway traffic. 
This topic is of special interest to the 
traffic engineer, who holds primary responsl
b I I I ty tor the des I gn and operation of traf
fic control systems. The flow of traffic is 
a process which is especially wei I suited to 
modeling. Past research has produced several 
wel I established rules w~ich govern this pro
cess, however, many of the rules Involve com
plex relationships which are easily described 
but are not amenable to simple analytical 
treatment. 

Furtherrrore, the need to accomrrodate several 
independent traffic rrovements simultaneously 
complicates the experimental approaches 
considerably, and strengthens the potential 
for computer rrodei Ing as a problem solving 
tool. 

Computer programs have been developed to deal 
with several aspects of tr aft I c control. The 
programs described in this Handbook fal I gen
erally Into three categories: 

1. Intersection operations; including 
o queueing and delay, 
o gap acceptance (stop sign, I eft turns 

etc.), 
o signal timing parameters, and 
o et f ect of geometr I cs. 

2. Street network operations; including 
o optimization of timing, 
o bus priority, and 
o delay and fuel consumption. 

3. Freeway corridor operations; including, 
o freeway traffic flow, 
o assignment of demand, 
o ramp merging, 
o effect of geometrics, 
o bus priority, 
o ramp metering, and 
o restricted lanes. 

These programs prov I de an eva I uatlon of a 
specified physical or operational contigura-



CONCEPTS 

tlon under chosen operating parameters in 
terms of certain figures of merit (delay, 
speeds, fuel consumption, etc.). In some cas
es, graphical outputs are produced to ll lus-

Figure 6. Sample frame from a rrovie produced 
by the "NETS IM " program. 

trate time var latlons, or relatlonshl ps 
between variables. In other cases, specific 
design recommendations are derived. In one 
case (see Figure 6) a motion picture was pro
duced showing the rrovement of each simulated 
vehicle in the system as a function of time. 

MODEL TYPES 

The rrodels represented in this Handbook may 
be categorized according to several criteria 
which specify the rodellng technique. Most 
of the computer programs presented In the 
fol lowing chapters make use of several 
different model Ing techniques and can be con
sidered as a family of models incorporated 
into one package. Some criteria tor categor
izing models are described as fol lows: 
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Computation vs Slmulatlon Models 

Computational rrodels Involve the application 
of mathematical equations, to calculate solu
tions directly. These equations may repre
sent fundamenta I mathematical truths, they 
may be derived from basic principles (e.g., 
tr igonometr le functions) or they may sf mp ly 
reflect an estab 11 shed rel atlonshi p between 
several variables. The case of highway 
capacity measurement, mentioned previously as 
an example of the experimental approach to 
problem solving, also provides an example of 
a computational f!Odel. In th! s case, the 
results of the field measurements were 
Incorporated Into a model in the form of the 
"Highway Capacity Manual". Whl le this 
methodology has been computer I zed (Ref. 2. 1), 
most capacity calculations are performed 
manually today. 

A simulation model, on the other hand, Is a 
mathematical representation of the sequence 
of even ts wh I ch compr I se a process. In the 
application of a simulation rodel the se
quence of events is repeated several times to 
study the outcome. Because of the ab 111 ty of 
digital computers to perform repeated calcu
lations at incredible speed, simulation 
models are usua I ly Incorporated into computer 
programs. 

As a sf mp I e examp I e, suppose you wanted to 
deter ml ne the probab i 11 ty that out of a group 
of, say, thirty people, there would be at 
least two people whose birthdays tel I on the 
same day of the year. You cou Id approach 
this problem analytically as an exercise In 
probability. The resulting equations would 
be rore comp II cated than many peop I e wou Id 
prefer; however, an answer could be deter
mined without the help of a computer. You 
could also take an experimental approach by 
mak Ing a frequent nu I sance of yourse It at 
public gatherings. With sufficient patience 
on everyone's part, a solution could be 
obta lned. 

Simulation could also be used quite effec
tively In this problem. Using a computer 



program, you could assign birthdays randomly 
to thirty ticticious people (represented by 
computer memory locations) and then check to 
see it the same date had been assigned to 
more than one "person. 11 Th Is process cou Id 
be repeated a few thousand ti mes in just a 
few seconds of computer time to produce a 
be! i evab I e answer. 

The cred i b I Ii ty of the answer Ii es in the 
tact that the rules of the operation are wel I 
estab I i shed. In th Is case, It is assumed 
that the birthdays are indeed randomly dis
tr lbuted. Perhaps they're not. Suppose the 
group were attending a convention tor Capri
corns, or maybe a meeting of the Twin's Club. 
The point is that simulation of a process 
requires a thorough fami I iar ity with al I of 
the relationships bet\oleen the variables which 
effect the process. 

Empirical vs Analytical Models 

The Highway Capac I ty Manua I Is an examp I e of 
an empirical model. In this case, the basic 
relationships within the node! were arrived 
at experimentally through extensive field 
studies. Note that an empirical model is not 
the same as the "empirical approach" des
cribed earlier. The empirical nodel makes 
use of results obtained previously using the 
emper i ca I approach. In some node Is of both 
the computational and simulation type, the 
relationships take the form of analytical 
equations developed by a purely deductive 
process. 

For example, the number of arrivals during a 
given period in a traffic stream Is frequent
ly assumed to conform to the Poisson distri
bution. This Is an analytical equation In 
the form, 

P(x)= -m X e m 
x! 

(2.1) 

where P(x) = the probability of x arrivals 
during a period, 

m = the average number of arrivals 
during the same period. 
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This relationship Is particularly useful in 
models which must simulate a process in which 
the number of arrivals fluctuate. For exa~ 
pie, consider the operation of a traffic sig
nal in which a different number of vehicles 
will arrive on each cycle. The Poisson dis
tribution will be used in an example of a 
simple simulation model discussed at the end 
of this chapter. 

Deterministic vs Stochastic Models 

In a deterministic rrodel, the tictlcious se
quence of events has a completely predictable 
outcome. For examp I e, a bus pass Ing through 
a to! I plaza may be req ulred to pay a spec i
f led fee and to use a specified lane which 
guarantees precedence over autorrob 11 e traffic 
upon entering the facility. The set of rules 
that govern the passage of a bus through the 
tol I plaza under these circumstances wou Id 
therefore be described as a deterministic 
mode I • Deter min I st i c rrode Is, by themse Ives, 
do not usually constitute the entire process 
being simulated, since they otter little 
potential tor problem solving under repeated 
appl I cation. They are therefore rrore common
I y incorporated as sub-rrode Is within the 
overal I program structure. 

In a stochastic model, the outcome of a given 
sequence of events is not completely predict
ab le, but depends on something that happens 
dur Ing the course of the process. In the 
tol I plaza example, vehicles may pay a var l
ab le fee, depending on their number of axles, 
and they may be assl gned to di tterent lanes 
depend Ing on whether the dr Iver has the cor
rect change available. They may experience 
further delay by missing the coin basket or 
by having to yield right of way to other 
traffic (buses tor example), before entering 
the facility. The passage of vehicles 
through a tol I plaza under these conditions 
would therefore be described by a stochastic 
model, since the outcome of the process de
pends on a number of events, each of which 
can be described only In terms of its proba
b I I I ty of occurrence. 

The credibi I ity of the results generated by 
the model just described would depend heavily 
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on the assignment of realistic probabi I ities 
to the number of ax I es, and the success with 
the coin basket. Realistic values would also 
be required tor the de I ay encountered by 
yielding right-of-way to other traffic. These 
delay values could also be either determin
istic or stochastic in nature. 

The "randomness" inherent in stochastic mod
els is usually derived from a random number 
generator incorporated in to the si mu lat ion 
program. Each time the series of events 
which make up the process is repeated, the 
program is asked to supply a new random num
ber. In the tol I plaza example, the random 
number could be used to determine the number 
of axles on a particular vehicle, whether or 
not the driver hits the coin basket, etc. 
The random number, by definition, has an 
equal probability of falling anywhere between 
two specified I imits (say 1 to 100). For 
example, it one thousand random numbers 
between one and one hundred were drawn in 
sequence, each number shou Id occur approx i
mate I y ten times, but in no particular order. 
Thus, it it could be established based on 
hi stor ica I information that two thirds of the 
motorists have the correct change, an indl
v i dua I motor i st cou Id be assumed to have the 
correct change if his assigned random number 
tel I between 1 and 67. Otherwise, he would 
be assigned by the simulation model to the 
lane intended for motorists who require 
change. This concept may be extended to more 
complex probability functions. More detailed 
discussions of traffic simulation may be 
found in References 2.2 and 2.3. 

Mia-oscopic vs Maa-oscoplc Models 

A process such as the flow of traffic may be 
simulated either at the microscopic level, in 
which each vehicle would be treated as a sep
arate unit, or at the macroscopic level, in 
which the characteristics of the stream as a 
who I e wou Id be examined. The previous exam
p le of a single vehicle passing through a 
tol I plaza would be considered as a micro
scop i c mode I. On the other hand, the opera
tion of the tac ii lty served by the tol I plaza 
is more likely to be treated macroscopically, 
in terms of average speed, t low rate, density 
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etc. In general, microscopic models tend to 
be roore accurate in their descr i pt Ion of the 
process being simulated, but they usually re
quire cons Ider ab I y more input data and com
p uter ti me tor execution. They a I so tend to 
be more demanding in terms of the level of 
detail required in their assumptions and 
approximations, and this could lead to pro
blems of credibility in the results it they 
are not proper I y designed. 

Event Scan vs Time Scan Models 

A further distinct ion can be made between 
models in which the process being analyzed is 
updated at constant tirre intervals (e.g., one 
second) or upon each event which occurs. Time 
~ models are, in general, easier to devel
op because the time factor Is advanced by a 
constant increment each time the process is 
examined. Event scan nodels, in which the 
process is updated as each event occurs, are 
usually more efficient in terms of computer 
time, since they only update the simulated 
process in response to a specified event. In 
the tol I plaza example, the position and sta
tus of all vehicles could be determined at 
specified time intervals (time scan), or it 
could be determined each time a vehicle en
ters or leaves the plaza (event scan). The 
choice of techniques is usually based on com
puter programming considerations. 

Optimization vs Evaluation Models 

The two ma in purposes of computer modeling 
are, 

1. Determination of the values of specific 
design parameters which will optimize 
the operation (e.g., eye I e, sp Ii ts, se
quence and offsets at a traffic signal 
or a signal network), 

2. Eva I uat ion of the operation as a "sys
tem" with specified design parameters in 
terms of measures of effectiveness. 
(e.g., de I ay, stops, f ue I consumption, 
etc.) 

Simulation models do not, by themselves, have 
any inherent optimization capabilities. They 



simply reproduce the process as faithfully as 
possible and accumulate the results. To ob
tain an optimal solution using simulation, it 
Is necessary to apply the rodel repetitively 
using di tterent desl gn parameters. The set 
of design parameters that yields the best re
sults should be chosen as the optimal solu
tion. Simulation is therefore best suited to 
the compar Isl on of a sma 11 number of widely 
differing strategies. Examples of simulation 
models which do not optiml ze by themselves 
are NETS IM (descr I bed In Chapter 11), TEXAS 
(described in Chapter 5), and PRIFRE (des
cribed In Chapter 12). 

Optimization nodels seek the best solution 
automatically. They may or may not provide 
the required degree of evaluation although 
they often contain real lstlc simulation ITO

dels, such as 1RANSYT-7F and SIGOP 111 (des
cribed in Chapters 9 and 10). 

The fol lowing optimization techniques are 
cof'll1!Dn I y used In computer rode I Ing of tr aft I c 
operations: 

Analytical techniques Involve an equation, or 
set of equations, which are solved to yield 
the answer directly. /vi example of an analy
tical optimization Is found In Webster's 
method (Ref. 2.4) for determining the "ideal" 
cycle length of an Isolated signalized inter
section according to the equation: 

C0 = 1.5 L + 5 
1-Y 

(2.2) 

where C0 = the optimal cycle for mini
mum delay, 

L = the total lost time per cycle 
due to starting and stopping 
of traffic roovements, and 

Y = the proportion of the tota I 
green time required to accom
modate all of the traffic. 

This relationship was originally developed by 
a combination of analytical, experimental and 
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simulation techniques and is used extensively 
in rTOdellng of traffic signal operations. It 
Is used, for examp I e, by the SI gna I Opera
tions /1.rtalysl s Package C SOAP) described In 
Chapter 4 of this Handbook. Notice that Web
ster• s optimal cycle length equation does not 
evaluate the delc:iy. It simply indicates the 
cycle length at which minimum delay wil I sup
posedly be experienced. In fact, however, 
most simulation models would suggest a dif
ferent cycle length. 

Exhaustive search techniques require that all 
of the poss I b I e outcomes of a process be 
eva I uated to determine the desired outcome. 
Th Is Is a I so known as the "brute force" tech
nique since it is conceptually simple but 
requires cons! derab le computer tine. An 
example of an exhaustive search may be found 
In the pattern selection optimizations of the 
PASSER 11 and PASSER 111 programs discussed 
in Chapters 6 and 7, respectively. These 
programs choose the best phasing patterns tor 
each of the signals in a system by examin Ing 
al I of the permissible alternatives and 
choosing the alternative which provides the 
best performance. 

HII I climbing techniques also involve a 
search tor the opt Ima I va I ue. In thl s case, 
however, the search is not exhaustive for the 
parameter(s) being optimized. A methodical 
eva I uatlon of success! ve input va I ues is per
formed until the general area of the optirral 
result ls located. An in tens Ive search Is 
then conducted in this area until the optl,ral 
result Is determined to the required degree 
of precision. The 1RANSYT-7F and SIOOP 111 
models described In Chapters 9 and 10 use 
this technique to optimize several operating 
parameters for a traffic signal ne1work. 

Iterative approximation methods are used In 
some problems which cannot be solved analyti
cally because the solution contains one of 
the var lab I es upon which It Is based. In 
thl s case, a sol utlon Is assumed and then 
calculated using a given value of the varl
ab le. Q>rrectlons are made and the process 
Is repeated until the assumed and calcula"ted 
value of the solution tat I within an accept
.able tolerance. This technique Is used in 
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the Signal Operation /lnalysis Package to 
determine the cycle length required to accom
modate a minimum green time requirement which 
exceeds the green time required by the trat
t ic volume on a particular approach. Both 
the hi 11 climbing and iterative approximation 
techniques can be termed "heuristic" tech
niques, since the action taken on any given 
step of the process depends on the results of 
the previous step. 

Mathematical programming techniques such as 
I in ear programming, integer prograrrrning or 
dynamic programming are used to optimize, in 
a formal way, the al location of resources, 
such as metering rates on an entrance ramp. 
In this case, an objective function, such as 
tota I volume accommodated by a 11 of the en
trance ramps, is maxi mi zed subject to con
straints such as freeway bottleneck capaci
ties, etc. The FREQ3CP model described in 
Chapter 13 uses a I inear prograrrrning model 
tor this purpose. 

STEPS IN CCM>UTER MODELING 

Generally speaking, the solution of an engi
neering problem by computer model Ing wi 11 
proceed as fol lows: 

1. Identify and describe the problem to be 
so I ved. 

2. Describe the system or process in terms 
of, 

o the inputs 
o the outputs 
o the physical configuration, and 
o the rules of operation. 

3. Es tab Ii sh the su I tab i Ii ty of computer 
modeling to the investigation of the prob
lem, i.e., could the problem be solved 
better by exper i men ta I techniques or 
manual analysis. 

4. I dent it y the spec i t I c measures of ettec
t i veness by which alternative solutions 
wil I be evaluated. 
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5. Deva I op the model. If models have a I ready 
been developed, this step wil I simply in
volve the cho Ice of the most appropriate 
model. 

6. Validate the model ( if developing a new 
model} or calibrate the rrodel ( if an 
existing model is chosen} to ensure credi
bl I ity of results. 

7. Apply the rrodel repetitively under the 
desired range of operating paraneters to 
generate the desired result. This is 
referred to as "fine tuning" the model. 

a. Interpret the results and formulate con
clusions and rec01M1endations. 

A simple example should be helpful in ii lus
trating the concepts presented in this chap
ter. Suppose that a left turn rrovement takes 
p I ace at a traffic si gna I on a protected in
terva I (and no other interval). Further, sup
pose that the signal operates on a 60 second 
cycle with 13 seconds per cycle of green tine 
al lowed to permit four vehicles per cycle to 
turn left (based on 2.5 seconds per vehicle 
plus 3 seconds lost time}. The turning volume 
is 180 vehicles per hour, which means that, 
on the average, only three vehicles per cycle 
w i I I arr Ive at the intersect ion. The actua I 
number of arrivals wi 11 vary, naturally, from 
cycle to cycle, and it can be assumed that 
the arr Iva I pattern conforms to the Poisson 
distribution discussed previously. 

Let's assume one is interested in answering 
the following questions: 

1. On what proportion of the cycles wi I I al I 
of the crriving left turns be accommo
dated? 

2. What will be the average delay to each 
left turning vehicle? 

3. How many vehicles must a left turn storage 
bay be able to accommodate to ensure that 
no overflow takes place on at least 95% of 
the eye I es? 

The prob I em Is si mp I e enough to approach by 
manual analysis or experimentally. It can, 



however, eliminate the experimental treatment 
because of the hypothetical nature of the 
I ocat Ion. 

The Simulation Model 

In developing a simulation model, one must 
first decide whether to treat the process 
microscopically or macroscoplcal ly. A micro
scopic treatment would determine (based on 
the average headway of 20 seconds) the arr I
va I and departure time of each vehicle, 
whereas a macroscopic treatment wou Id deter
m I ne (based on an average arr Iva I rate of 
three vehicles per 60 second cycle), how many 
total arrivals took place on a particular 
cycle. The microscopic approach would natur
ally be more precise, but the macroscopic 
approach would be much easier to Implement. 
For this example the macroscop le treatment 
should be adequate. 

The process could then be-modeled by the fol
lowing series of steps: 

1. Determine, for the current cycle, how many 
left turning vehicles arrived, based on a 
random number applied to a Poisson distri
bution with a mean arr Iva I rate of three 
vehicles per cycle. 
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2. Add these new .rrivals to any residual 
queue from the previous cycle. This wi 11 
determine, for the current cycle, the 
storage requirement of the left turn bay. 

3. Reduce the 
number of 
phase). 

queue by four vehicles (the 
left turns accommodated per 

4. If no vehicles reria in in the queue, treat 
this cycle as a "satisfied" cycle. Other
wise, keep track of the residual queue to 
be Incremented during the next cyci e. 

5. Calculate the total vehicular delay for 
the cycle by multiplying the average num
ber of vehicles in the queue by the cycle 
I ength. 

6. Proceed to the next cycle and repeat steps 
1 thru 5. 

The results of a simple computer program 
developed to simulate this process are pre
sented in Figure 7. In this case the model 
was applied repetitively for three thousand 
consecutive cycles, representing 50 hours of 
real-time operation. The program took ap
proximatei y one hour to develop and required 
about three seconds of computer time to exe-

RESULTS 0 F L E F T T U R N fAAFFIC SIMULATION 

CYCLE RANDOM ARRIVALS 
NO. NO. 0 

NAXINUM QUEUE FREQUENCY TABLE 
2 J 4 5 6 7 8 9 10 ♦ 

SATISFIED 
CYCLES 

DELAY fOT AL 
I Ml NU TES I VEHICLES 

Figure 7. Simulation Model Output showing results of left turn traffic simulation 
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cute. The fol lowing values are summarized in 
the computer output shown in Figure 7: 

1. Cycle No. - Only the first few cycles and 
the last few cycles of operation are shown 
in Figure 3. 

2. Random No. - The number chosen by the ran
dom number generator for determin Ing the 
number of arrivals on the cycle ( in this 
case numbers between zero and one). 

3. Arr iva Is - The number of arr Iva Is deter
mined by the appl I cation of the random 
number to the Poisson distribution. 

4. Maximum Queue Frequency Table (11 Columns) 
- This table shows the cumulative number 
of simulated cycles in which the maximum 
queue reached the indicated number of 
vehicles (0 thru lo+). 

5. Satisfied Cycles - The cumulative number 
of cycles in which the entire left turn 
demand ( res I dua I queue and new arr Iva Is) 
was accommodated. 

6. Tota I Veh i c I es - The cumu I at Ive number of 
left turning vehicles processed by the 
system. Note that a total of 8901 vehi
c I es ware processed dur Ing the 3000 cy
c I es. This amounts to an average of 2.967 
vehicles per cycle which fal Is within 
approximate I y 1 % of the spec If I ed noml na I 
arrival rate of three vehicles per cycle. 

Returning now to our three specified ques
tions: 

1. Proportion of satisfied cycles. 
Figure 7 shows that 2071 of the 3000 total 
cycles were satisfied, indicating a sat
isfaction rate of 69%. 

2. Average delay. 
Figure 7 shows that the 8901 vehicles pro
cessed incurred a tota I de I ay of 5902 
vehicle-minutes. This amounts to approxi
mately 40 seconds per vehicle. 
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3. Maximum storage requirements. 
To accommodate the maxi mum queue on 95% of 
the cycles, we can tolerate overflow on 
only 5% of the 3000 cycles, or a total of 
150 cycles. Figure 7 indicates that the 
maximum queue exceeds seven vehicles on 
145 cycles. 1-bwever, a six veh I c I e queue 
would be exceeded on 228 cycles, which 
wou Id viol ate the naxi mum fa ii ure rate. 
Therefore, storage for seven veh I c I es 
would be needed to satisfy the specified 
requirements. 

An Analytical Solution 

Given an average arrival of three vehicles 
per cycle, and a capacity of four vehicles 
per cycle, we can determine the probab i I I ty 
that four or fewer vehicles wil I arrive on 
any cycle to estimate the proportion of 
cycles which wil I accommodate al I left 
turns. 

Probab i I I ty of 
-3 0 

Zero Arr iva Is 
P(O) e 3 

=--= .050 O! 

One Arrival 
-3 1 
e 3 

PC 1l =--- .149 
11 

Two Arrivals 
-3 2 
e 3 

PC2l =--= .224 
21 

Three Arr Iva Is 
-3 3 
e 3 

P(3) =--= .224 
3! 

Four Arr Iva Is 
-3 4 
e 3 

P(4) = ~ = .168 

Thus for four or less arrivals P(<4)= .815 

So, by the analytical solution, the number of 
arr Iva Is w I I I not exceed the capac I ty on 
81.5% of the cycles. The corresponding value 
computed by the simulation program was only 
69%. Why the difference? The simulation 
program, by monitoring the process on a cycle 
by cycle basis, was able to keep track of the 



residual queue fol lowing cycles on which al I 
arriva Is were not accofMlOdated. A substan
tial I y more complicated analytical rrodel 
would be required to describe this process as 
realistically as the simple simulation model. 

The average delay can be estimated by Web
ster's method (Ref. 2.3) by the formula. 

where 

where 

d = .9 

2 
c(l-A) 

2(1-AX> 

x2 
+----

2q( 1-x> 
(2. 3) 

C = cycle length= 60 seconds 

q =volume= 0.05 vehicles per 
second 

'-
green time - lost time 

= 
cycle 

13-3 
• 167 = = 

60 

X = Degree of Saturation 
q 

(2.4) = ---x;-

s = saturation =--= 
2.5 

.4 vehicles per sec. 

q .05 
therefore x = -= ------ = .749 

AS • 167 x .4 

from which the calculated delay is 41.68 
seconds per vehicle or, 

.695 minutes per vehicle 
X 8901 v eh I c I es processed 

6,186 vehicles-minutes of delay, 

This value differs by about 5% from the value 
of 5,902 vehicle-minutes calculated by the 
simulation program. This should be consid
ered as a reasonably close agreement. The 
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analytical method, being substantially si m
pl er, would probably be preferable in this 
case. 

The problem of the maximum queue length would 
be extremely difficult to solve analytically. 
This would require a stochastic queuing 
model, the development of which would tax the 
capabilities of rrost traffic engineers, 
therefore, no analytical solution wil I be 
proposed tor this examp I e. 

This chapter has served as an introduction to 
the concepts and general approaches to compu
ter modeling. The next chapter discusses the 
selection of computerized models contained in 
this Handbook. 
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CHAPTER 3 - HANDBOOK DEVELOPMENT 

Once the practicing traffic engineer decides 
that the use of a computer rodel may be the 
most practical method of developing and eval
uating solutlons to a traffic management 
prob I em one is faced w I th the dee isl on of 
what model, or rn:>del s, to use. Review of 
available literature would Indicate a myriad 
of models which have been developeGI or used 
in the past. Unless one has maintained a 
reference fl le, considerable time and effort 
w I I I be req u Ired just to I dent If y ava i I ab I e 
models. Even if a I 1st Is ava I I able, addi
tional time and effort wl II be required to 
obtain model descr I pt ions, and user documen
tation to evaluate and select appropriate 
models. 

As part of the development of this Handbook 
an extensive I lterature research and review 
was conducted in order to identify existing 
models and to prepare a synopsis of each from 
ava I I ab I e documentat Ion. The resu It of th Is 
work (Ref. 3.1) included brief abstracts of 
over 500 references and a synopsis of over 
100 models. 

An evaluation was made of the relative capa
bll itles and requirements, as well as the 
potential merits and shortcomings of the 
traffic analysis models. Based upon this 
evaluation ten (10) models were selected tor 
inclusion In this Handbook. 

The fol lowing portions of this Handbook de
scribe the general criteria utilized to eval
uate the models. A brief discussion of typi
cal traffic management problems by location 
type and a listing of models which were 
reviewed as possible candidates for use are 
provided as wel I as the basl s of selecting 
the models tor Inclusion in this Handbook. 

MODEL EVALUATION CRITERIA 

The selection of a model for use in develop
ing and evaluating traffic management prob
lems Is a critical first step. Al I to fre-
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Figure 8. Which Models to Choose? 

quently models are selected because of their 
availability at the potential user's location 
or because of the faml I I ar I ty of the user 
with a model. As a result models are often 
used wh I ch may not represent the state-of
the-ar t, resulting In an lnval id representa
tion of traffic floii and selection of im
provements which later prove costly or in
effective. 

The fol loiiing section suggests criteria which 
the potential model user should consider in 
evaluating and selecting models tor particu-
1 ar prob I ems. 

Adequacy of Model Doaaentatlon 

The most basic requirement in evaluating and 
selecting a computer model for use in tratfi c 
operations analysis Is the adequacy of model 
documentation. On I y with this information 
can the user determine the character I st lcs of 
the model and evaluate its potential use for 
the prob I em at hand. These documents shou Id 
Include the fol lowing: 

User Manual - This document provides informa
tion on the functional areas of applications, 
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general Information on Its computational 
methodology, input req ul rements and cod Ing 
procedures as wet I as examples of output data 
and the Ir Interpretation. 

Progranvner•s Manual - This document describes 
the computer program, computer requirements, 
implementation procedures, program concepts 
and structure as wet I as descriptions of sub
routines, error messages and other useful In
formation tor the insta I tat Ion and operation 
of the program. 

Model Development Documentation - This docu
ment describes the background on development 
of the node I, the theoretical basts of the 
mode I, the computatlona I methodology and 
details on nodal validation. 

With the above Information at hand the poten
t I a I user shou Id be ab I e to deter ml ne the 
ava 11 ab 111 ty and usetu I ness of the node I. 
Rev I ew of the 11 terature shou Id cl ear I y 
denonstrate that the model Is tut ty opera
tional and debugged and that the credlbl I lty 
of the output has been previously estab-
1 lshed. There should be sufficient lntorma
t Ion Inc I uded to per ml t the assessment of 
other er I ter I a. 

Appl I cation to Typical Prob leas 

Most of the nodels for traffic operations 
analysts have been developed to address 
specific geometric configurations and traffic 
control features. Therefore, potential users 
must select which model, or group of models, 
best t It the Ir needs in eva I uating the Ir 
typical traffic management problems. In 
evaluating the applicability of available 
models the fol lowing should be considered. 

Functional Appl icatlons - The question here 
Is, "does the model do the right job?" In 
other words, what areas ar-e covered and what 
are omitted. This requires that the user 
have a reasonab I e Idea of the type of ana I y
s is that wi 11 have to be carried out. Nor
mally this is determined based upon whether 
one is trying to Identity an existing prob
lem, developing alternative solutions and/or 
evaluating alternatives. The extent and com
p I ex I ty of the prob I em and the ram It I cat Ions 
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of the solution wi 11 determine the level of 
deta I I required tor the model Ing process. 

Conflgurational Limitations - While a partic
ular rrodel may be functional ty applicable, 
there rray be slmpl I tying assumptions or other 
constraints which limit the geometrics, size 
of system, control measures, etc. that the 
model wi 11 acconvnodate. Such restr let ions 
usually simplify the input data coding and 
reduce the computer menory and time req ulre
ments; however, they can a I so I I mi t the use
tu I ness of the model. 

Reasonableness of Results 

For a model to be useful to the traffic engi
neer the output must produce credible results 
cons I stent with ava flab le data. In other 
words, the traffic engineer must be confident 
that dee I sf ons based upon the resu Its of the 
model, when implemented, wi 11 obta In si ml tar 
results In the field. To Insure that the 
model wl 11 produce reasonable results, con
sideration should be given to the fol lowing: 

Theoretical Val ldity - The question here Is, 
"How wet I does the model represent the real 
worl d?11

• Part of thl s question can be an
swered by review of the computational method
ology employed. Although the practicing en
gineer may not be able to conduct an In-depth 
evaluation of the theoretical basis for the 
model, the computational methodology should 
be reviewed to determine with some degree of 
confidence that It represents the state-ot
the-art. 

Field Val ldatlon - To further Insure that the 
model does produce ''real world" results It is 
Important that the nodal developers have con
ducted field studies that substantiated the 
reason ab I eness of the resu Its. Car et u I 
attention should be given to conditions under 
which the model was tested and range of 
results. 

Cal lbratlon Requirements - The val ldlty of 
the resu Its Is frequent I y a t unction of the 
amount of cal lbratlon required on the model. 
Models requiring extensive cal lbratlon 1o 
produce accurate resu Its must be exam! ned 
er It I ca I I y by the user to assure that the 



resources are ava 11 ab I e to obtain the re
quired data, since certain operating para~ 
eters may require field studies that are not 
normally obtained or are difficult to per
form. 

Sensitivity - Some assllllptlons and approxima
tions are made by most analysis models which 
affect the resu Its to vary Ing degrees. A 
high degree of sensitivity to the assumptions 
and approximations Is clearly undesirable In 
any mode I. Th Is Is espec I a II y Important 
where absolute va I ues of the measures of 
effectiveness are required. However, It Is 
of lesser Importance It the rrodel wi 11 be 
used pr I mar 11 y tor rel at Ive comparison of 
a I ternat Ives. 

Utlllty of Output 

An equally Important consideration is the 
utl I lty of the output obtained. Does the 
output provide results that are useful In the 
form they are printed out or does It require 
considerable Interpretation? The purpose of 
a traffic operations model Is to provide the 
user with decision making Information. C.o~ 
puter programs often demonstrate their capa
b I1 i ty to produce substantially more infor
mation than people have time to absorb. 
Therefore, users should carefully assess the 
character and extent of the output of a par
t lcu lar nodal -that would be run routinely. 
In assessing the utility of the output the 
potential user should consider the fol low
ing: 

Input Listing and Editing - C.onslderable time 
and effort can be saved when a listing of In
put data Is automatlcal ly produced as the 
f lrst pr in tout. Th Is 11 sting of Input data 
should Include an edit of coded values, as 
wel I as some logic edit, with written error 
messages as necessary. Too often data are 
coded, the model Is executed and the results 
Indicate a normal execution, but upon further 
assessment of results it Is obvious that the 
Input data were coded or punched Incorrectly. 

Measures of Effectiveness (MOE 1s) - Many mea
sures of effectiveness can be calculated and 
derronstrated to be numerically correct. To 
be useful, however, some relationship must be 
establ !shed between these numerical values 
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and the traffic engloeerlng decisions which 
the analysis Is supposed to support. The 
Idea I measures of et feet I veness for eva I u
atlng traffic operation performance should 
be: 

o Understandable (with a minimum of 
explanation) by the administrator who 
must make decisions regarding public 
works programs, 

o Defined in a rranner cons! stent with 
traf tic engi near Ing term! nol ogy, 

o Addressed to the prob I em which fhe 
traffic engineer Is trying to solve, 

o Convertible to economic terms, and 

o Summab I e, a I ong w I th other MJE I s, to 
produce a single "bottom I ine" figure 
for eva I uat Ion. 

The ~E•s that are used shou Id also be c~ 
prehensl ve. For traffl c operations purposes 
sufficient measures of effectiveness should 
be prov I ded tor assessment of de I ay, stops, 
safety, environmental factors and general 
comfort. These measures should be self 
explanatory or guidance in their interpreta
tion should be found in the user's manual. 

Optimization Capabl I !ties - Some nodels are 
capable of self optimization. Others simply 
evaluate a gl ven scheme proposed by the user 
In terms of a set of measures of effective
ness. A third group have no real optimiza
tion capability, but will evaluate a wide 
range of parameters spec It I ed by the user and 
provide a summary of the results for manual 
interpretation. The degree of self optimiza
tion required by the user wl 11 depend upon 
the level of traffic engineering capabi II ties 
ava I I able to generate the Inputs and inter
pret the outputs. A highly desirable feature 
when considering models with self-optimiza
tion features Is the ability to run an 
"existing" condition as a base tor evaluating 
the optimum solution. 

Graphical Output Supplements 
traffic analysis nodels produce 
output supplements (time-space 
etc.) which are useful both 

Several 
graph !cal 
diagrams, 

In the 
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interpretation of the outputs and in reducing 
the manua I effort often devoted to preparing 
drawings for recordkeeping purposes. 
Graphical outputs are provided in a variety 
of forms, the most common being a I ine 
printer representation, usin; alphanumeric 
characters and, less frequently, a true plot 
using peripheral plotting equipment. 

Cost Effectiveness 

One of the pr inc i pa I concerns to the prac
ticing traffic engineer is the cost effec
tiveness of using computer models (which 
naturally includes the choice of models). 
For agencies that expend considerable manual 
efforts in evaluating traffic management 
problems, the selective use of computer 
models can result in more effective use of 
human resources at little additional cost. 
On the other hand, agencies that have not 
expended much on this type of effort in the 
past, but now find they need to increase this 
effort, should consider benefits of a compu
ter mode I to increase the et feet i veness of 
their personnel with minimal increase in 
operating costs. In considering the cost 
effectiveness of traffic operation analysis 
models consideration should be given to the 
fol lowing: 

Data Collection - Al I traffic engineering 
ana I ys is procedures, whether manua I or auto
matic, require some form of input data. 1-bw

ever, the automated procedures, being rrore 
powert u I than the manua I techniques, fre
quently have an enormous appetite for data. 
The user should carefully evaluate the data 
required by a particular model and seriously 
consider their abi I ity to provide the 
required data prior to a decision to use a 
particular model. 

Input Deck Structure - A user-oriented model 
wi 11 have an input data deck structure which 
is uncomplicated (i.e. easy to learn), flexi
ble, and capable of executing multiple runs 
with minor input changes between runs. Gen
erally, a user oriented deck structure tends 
to produce fewer errors, thus decreasing 

turnaround time. Therefore, the importance 
of a user oriented structure depends largely 
on the source of computer support. If, for 
example, computer services are supplied 
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commercially from a distant city, the conse
quences of an input data error are tar more 
severe than the case where the computer is 
I ocated in the user I s office. 

Per sonne I Training and Use - The user must 
car et u 11 y examine the I eve I of techn i ca I 
support available tor implementing and using 
a particular model. As the complexity of the 
model increases the support requirements in 
terms of both program operation and in terpre
tation increase. Some additional training, 
or perhaps additional peFsonnel, may be 
required to effectively operate and use some 
models. 

Computer Requirements and Cost - The user 
must compare the requirements of the model 
w I th the ava i I ab I e computer resources. This 
includes consideration of program language, 
core requirements and peripheral equipment 
(i.e., plotting equipment, etc.). If 
adequate computer facilities are not avail
able "in house" the user should not imme
diately eliminate or omit a model. Often 
large scale computer support may be obtained 
from other government agencies or from 
commercial suppliers of computer services. 
An excel I ent source of computer service tor 
government agencies is of ten found at 
universities and colleges. Another pos-
s i bi Ii ty, where an agency has adequate 
software support but minimum hardware 
facilities, is modification of specific 
models to adapt them to their own computers. 
However, careful review of the work required 
will be necessary to determine if this is 
cost effective. 

External Processing Requirements If an 
analysis model is tailored to the user's 
specific application, no external processing 
shou Id be required. In many cases, however, 
the application will differ slightly from the 
original concept, or a general purpose model 
will be applied to a specific application. 
In either situation some pre-processing of 
the input data rmy be needed, or rmnua I 
tabulations of the output data rmy be 
required for interpretation. The amount of 

external processing shou Id therefore be 
examined from the point of view of the quan
tity of data and level of judgement re
quired. 



LI fe Expectancy 

To obtain, instal I and become tami I iar with a 
particular rrodel can require considerable 
time and effort. Therefore, it is important 
to select models that are expected to have a 
reasonable life expectancy. In selecting 
models, consideration shou Id be given to the 
fol lowing factors. 

Maintenance by Pub I i c Agency - A major hedge 
against obsolescence is the assurance of 
maintenance of the software by a public 
agency. Th Is ensures that the most current 
version of the model, incorporating both cor
rections to previous versions and refinements 
of computational logic wil I be available at 
al I times. 

Potential for Improvement - The advancing 
state-of-the-art, as wel I as changes in user 
requirements, suggest that future improve
ments may be desirable in any model which is 
implemented. Models which are amenable to 
change are therefore generally more useful 
than those which are not. The potential for 
improvement depends largely on the complexity 
of the program structure and the level of 
documentation ava i lab I e. 

Potential tor Obsolescence - Current research 
and development programs of the Federal High
way Administration and other agencies a-e 
constantly advancing the state-of-the-art in 
traffic operations analysis. This creates 
some potential for obsolescence in existing 
models. This could be an important factor, 
especially where an extensive user effort 
would be required to Implement a particular 
model. 

SELECTION OF MODELS 

In selecting rrodels tor inclusion in this 
handbook consideration was given to selecting 
ii lustrative models which would be responsive 
to the typical problems faced by practicing 
urban traffic engineers. The problems could 
vary from intersection signal timing and 
phasing, to interconnection of signals along 
an arterial or within a network, as wel I as 
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lane operation and ve.hicle usage at an 
intersection, along arterials and freeways. 
To meet these varying requirements, it was 
felt that the models would best be evaluated 
and selected by grouping them based upon the 
goometr ic cont i guration they were pr i rrar i I y 
designed to model. These include: 

o Intersections 
o Arterials 
o Arterial Networks 
o Freeways 
o Transportation Corridors 

The fol lowing sections describe the typical 
traffic management problems faced by traffic 
engineers at each of these locations, 
identify the models considered and the basis 
for selection of models included within this 
Handbook. 

Figure 9. intersection Problem 

Intersection Models 

In the United States today there are over 
240,000 signalized intersections with rrore 
being installed each day. To the drivers of 
vehicles, these sf gnal ized intersections can 
e I ther a Id them on a tr i p or become an obs ta
c I e that delays their tree movement. in the 
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minds of these drivers, how efficient their 
s i ~na Is are control I ed depends large I y on 
their percept ion of how wel I each works to 
his benefit. Thus, the efficient operation 
of signalized intersections is a matter of 
increasing concern to both the motorist and 
the traffic engineer. 

Current traffic signalization design pro
cedures do not permit a truly comprehensive 
design due to the largely trial-and-error 
process required. Frequently, the experience 
of the designer is heavily weighted In the 
u It i mate design, and many factors, such as 
phasing patterns, hour I y vo I ume patterns, 
etc., are not considered adequately in 
developing the signal control strategy. 

In addition, many solutions to intersection 
prob I ems require geometric improvements. 
Traffic engineers can assess benefits to be 
gained by adding additional thru lanes, 
separate turn lanes and/or lengthening stor
age lanes. However, the benefits to be 
gained from widening existing lanes, improv
ing turning radius, etc., is subject to 
considerable judgement and open to debate. 

Researchers, as wel I as practicing tratti c 
engineers, over the last two decades have 
expended cons i derab I e ef tort to deve I op 
computer models that provide a more objective 
and quantifiable methodology for developing 
and assessing proposed Improvements. A 
review of existing literature resulted in the 
identification of 26 models which could be 
used to develop and/or eva I uate tratti c 
performance at intersections. Tab le 1 
summarizes the models that were reviewed. 

Many of these models are outdated or have 
I imited practical applications. However, two 
of the models, SOAP and TEXAS, have recently 
been rel eased, thus they represent the latest 
s ta te-ot-the-ar t and can be uset u I to 
practicing traffic engineers. 

SOAP, ~ignal _Qperations Analysis _!:ackage, was 
deve I oped by the Uni vers I ty of Fl or i da tor 
the Florida Department of Transportation and 
FHWA and provides the user with a valuable 
tool tor examining and evaluating a wide 
range of intersection signal design alterna-
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tives. SOAP is an optimization model which 
determines solutions for optirTBI cycle 
lengths, splits, phasing patterns and left
turn configurations for three or tour-legged 
intersect ions. 

TEXAS, Traffic EXperimental and Analytical 
~imulations, was developed by the University 
of Texas for the Texas Department of Highways 
and Public Transportation and provides the 
user with the ability to evaluate existing 
and proposed intersection designs, both 
geometric and traffic operations. TEXAS Is a 
simulation model which provides the user with 
quantiti ab le effects of changes in roadway 
geometry, driver and vehicle characteristics, 
flow conditions, intersection control, lane 
control and signal timing plans upon traffic 
operations. 

Because these two models are rTBintained by 
public agencies and future enhancements are 
expected without significant changes in input 
or output format, they were selected for 
inc I us ion in the Handbook. Ava i I ab I Ii ty of 
these two models would provide the user with 
a wide range of evaluation opportunities for 
individual intersections. 

Arterial Models 

On most ar ter i a I highways serv Ing the urban
ized areas of the United States, traffic 
congestion has severe! y restr feted the t low 
of tr aft i c to, through, and from major 
employment centers. New freeway construction 
has provided some rel let, but has had only a 
slight impact on decreasing congestion in 
most locations. This method of increased 
travel capacity Is being suppressed in most 
cities today. 

Due to ever increasing right-of-way and 
environmental problems, construction cost and 
other difficulties involved in highway con
struction, the existing arterial streets must 
continue to serve as the major distributors 
of traffic for the urbanized areas. There
fore, it is essential that traffic engineers 
use their know I edge and expert I se to obta In 
maximum capacity and efficiency from these 
existing streets. 
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Table 1 - Summary of Intersection Models 

Program 
Number Name Date App Ii cat ion Modeling Approach Language Computer 

1-1 TEXAS 1977 Traffic Performance Mic., Det., TS, Sim. Fortrcin OJC 6600 
IV IBM 370 

1-2 SOAP 1977 Signal Timing (Cycle, Mac., Det., TS, Opt. Fortran IBM 360/ 
splits & phasinal IV * 370 

1-3 SIGCAP 1977 Signal Intersect ion Mac., Det., TS, Opt. Fortran IBM 360/ 
Capacity 370 

1-4 SPLIT 1976 Signal Timing Mac., Det., TS, Opt. Fortran IBM 360 
(Splits only) CDC 74 

1-5 CYCLE 1976 Signal Timing Mac., Det., TS, Opt. Fortran IBM 360 
(Cycle only) CDC 74 

1-6 HARPST 1975 Pedestrian Effects Mac., Det., TS, Sim. GPSS IBM 
1-7 UTCS-IS 1973 Traffic Performance M le., Stoc., Sim. Fortran IBM 360 

IV 
1-8 BLY 1973 Bus Priority Lanes Mic., Sim. Fortran Unknown 
1-9 SIGSET 1973 Signal Timing Mac., Oat., TS, Opt. Fortran IBM 360/ 

(Cycle & Splits) 370 
1-10 BRADFORD 1968 Gap Acceptance Mic., Stoc., TS, Sim. ALGOL ICL 1909 
1-11 TEC 1968 Traffic Performance Mic., Det. , TS, Sim. GPSS I BM 7094 

IBM 360 
1-12 JONES 1968 Left Turn Storaae Mic., Stoc., TS, Sim. Fortran IBM 1130 
1-13 DARE 1968 Advisory Speed Signals Mic., Det., TS, Sim. GPSS IBM 360 
1-14 WRIGHT 1967 Stop Control Delays Mic., Stoc., TS, Sim. ALGOL Unknown 

(Ext.) 
1-15 BOTTGER 1965 Four Way Stop Mic., TS, Sim. Unknown Unknown 
1-16 MILLER 1965 Effect of Turns Mic., Stoc., Sim. Unknown Unknown 
1-17 NCHRP 1964 Traffic Performance Mic., Stoc., TS, Sim. Fortran IBM 1094 

11, FAP 
1-18 AUSTRAL- 1964 Capacity and Controls Mic., Stoc., TS, Sim. Fortran IBM 7090 

IAN 
1-19 BLEYL 1964 Traffic Performance Mic., Stoc., TS, Sim. Fortran I BM 7094 

II 
1-20 EVANS 1963 Queueing at Stop Slqns Mic., Stoc., TS, Sim. Unknown IBM 7090 
1-21 AITKEN 1963 Queueing at "T" Sim. Unknown Ferren ti 

Junction Sirius 
1-22 KELL 1962 Vehicular Delay M le., Stoc., TS, Sim. F/lP IBM 701& 

7094 
1-23 LEWIS 1962 Traff I c Control Mic., Stoc., TS, Sim. Fortran I BM 7094 

11/FAP 
1-24 NPL 1962 Traffic Performance Mac, Det., Sim. Unknown Ferren ti 

Peqasus 
1-25 CHEUNG Delay Mac., Det., TS, Sim. Fortran ICL 1907 
1-26 GOODE 1956 Delay Mic., Det., TS, Sim. Unknown MlOAC 

IBM 704 

Abbreviations: Mic. - Microscopic 
Det. - Deterministic 
TS - Time Scan 
Sim. - Simulation 

Mac. - Macroscopic 
Stoc. - Stochastic 
ES - Event Scan 
Opt. - Optimization 

*Also available in 
hand-he Id ca I cu I a tor 
and micro computer 
versions. 

23 



DEVELOPPIENT 

Figure 10. Congested Arterials 

Traffic engineers have a wide range of ,~ 
provements that can be considered to Increase 
the traffic-carrying capabl I tty of urban 
arter lal streets. Among the first looked 
at are usua 11 y traff I c control measures, such 
as Improved signal phasing and timing, co
ordination of signals, renoval of curb park
ing, etc., due to their lower cost. The next 
level of Improvement can Include minor geo
metr le Improvements, such as construction of 
separate turn lanes or pul I-out lanes for 
buses or ml nor w I den Ing of short segments of 
streets. Systems for coord lnatlng traffl c 
signals along arterial highways to provide 
continuous moveiant of traffic have also been 
a connonly used traffic control strategy for 
many years. 

Over the years, computer programs to deter
mine the "optimal" offset and timing have 
been developed and used by practicing traffic 
engineers. More recently, programs have been 
developed which asalst traffic engineers In 
developing a nore n_..ly optlm1.111 signal 
system for the noderi, traffic contr-011.-s 
which provide multi-phase and multl-spllt 
capabl I I ties. other ll>dels have been 
deve I oped wh I ch eva I uate bus operations, 
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Intersection operations and vehicle 
perfor1111nce along arterials, both urban and 
rural. 

Table 2 summarizes the programs Identified 
as arterial models only. Other models In the 
succeeding section on ne1work also have 
appllcatlons for a sing le arter lal. Review 
of these nedels Indicates that several 
models, particularly the signal optimization 
models, have widespread usage In the urban 
traffic engineering field (PASSER II, PASSER 
111, SIGPROG, SIGART and LITTLE!M)RG~). 
However, PASSER 11 & 111 are the nore recent 
models, represent OJrrent state-of-the-art 
and, nost Importantly, are nelntalned by a 
publ le agency. Therefore, PASSER 11 & 111 
w.-e chosen for Inclusion In the Handbook. 

PASSER II, Progression Analysts and .ilgnal 
.1ystem Eveluetlon Routine, version 1wo, wes 
developed et Texes A & M U'llverslty 1 s Texas 
Transportation Inst I tute for the Texas HI gh
way Depertment and provides the user with a 
valuable tool for determining optlml splits, 
phases and off sets. PASSER I 11, a spec I al
l zed version for dlaRDnd Interchange slgnall
zatlon, may be used for either an Isolated 
Interchange or along a frontage road system. 

A special purpose nodal, SUB (Simulation of 
lrban .!!_uses), has been deve I oped by FHWA and 
presents an eva I uat Ion of the benef I ts of bus 
stop locations (nearside, farslde or mid
block) as wet I as physical characteristics 
(protected or unprotected lanes). Because of 
the Increased Interest In bus operations 
w I th In our urban areas th I s mode I was a I so 
Inc I uded In the Handbook to prov I de transl t 
operetors with a tool for evaluating bus lane 
use and bus stop operations. It Is expected 
that the cheracter lstlcs of the SUB model 
wt 11 eventually be Incorporated ln"h:> lRAF 
(see Chepter 14). 

The Mexbend model was not Included since It 
Is stll I under development by MIT under con
tract "h:> FHWA. When this model has been 
f u I I y deve I oped and tested w I th In the nect 
few years It should bee vet Id model for con
sld.-atlon for use since It will be m,ln
ta In ed by FHWA. 



Table 2 - Summary of Arterial Models 

Number Name Date App Ii cation Modeling Approach 

A-0 MAXBAND UD Signal Progression Mac., Det., TS, OPT. 
A-1 TWOMIC-2CL 1980 Two-Lane Rural Roads Mic., Stoc., TS, Sim. 
A-2 MRI 1980 Traffic Flow in Mts. M le., Stoc., TS, Opt. 

A-3 NO STOP 1 1979 Siqna I Proqress ion Mac., Det., TS, Opt. 
A-4 PASSER 1978 Signal Progression Mac., Det., TS, Opt. 

11 
A-5 PASSER 1976 Signal Timing Mac., Det., TS, Opt. 

111 Diamond Ramps 
A-6 SIMTOL 1976 Grades & Trucks Mic., Stoc., TS, Sim. 
A-7 SUB 1973 Urban Bus Operations Mic., Stoc., ES, 

(buses), TS (others) 
A-8 NCSU 1973 Passing Sight Mac., Det., TS, Opt. 

Distance Requirement 
A-9 YU/VANDYKE 1973 Parking Effects on Mic., Det., Sim. 

Capacity 
A-10 VECELLIO 1973 Platoon Dispersion Mac., Det., Sim. 

A-11 TSUMB 1971 Intersection Mic., Stoc., Sim. 
Operations 

A-12 MACCLEN- 1969 Vehicle Lengths Mic., Det., TS, Sim. 
AHAN 

A-13 DELAY/ 1969 Signal Progression Mac., Det., TS, Sim. 
DIFFERENCE 

A-14 SIGPROG 1967 Signal Progression Mac., Det., TS, Opt. 
A-15 FIRL 1967 Passinq Maneuvers Mic •• Det., TS, Sim. 
A-16 WARNSHIUS 1967 Traffic Flow - Rural Mic., Oet., TS, Sim. 

Roads 
A-17 S IGART 1965 Signal Progression Mac., Det., TS, Opt. 

A-18 NEWARK 1965 Car Fol lowinq Man. t,1 i c.' Stoc., Sim. 
A-19 LITTLE & 1964 Signal Progression Mac., Det., TS, Opt. 

MORGAN 
A-20 YARDENI 1964 Signal Progression Mac., Det., TS, Opt. 

A-21 FISHER 1964 Lateral Restrictions Mic., Stoc., TS, Sim. 
A-22 PRETTY 1964 Traffic Flow Signal- Sim. 

ized Arterial 
A-23 ARNOLD/ 1964 Traffic Flow on Two- M le., Det., ES, Sim. 

RESZ Lane Roads 
A-24 MANCHESTER 1963 Traffic Performance Mac, Stoc., TS, Sim. 

A-25 RHEE 1963 Traff le Control Pol. Mac., Det., TS, Sim. 
A-26 NBS 1961 Traffic Flow Mac., Sim. 

Abbreviations: Mic. - Microscopic 
Det. - Deterministic 
TS - Time Scan 

Sim. - Simulation 
UD. - Under Development 
Mac. - Macroscopic 
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Program 
Language Computer 

Fortran IV IBM 370 
Fortran IV CDC 6400 
Fortran IV CDC 
/Assembly 6900 
Fortran IV IBM 360 

Fortran 18'1 360/ 
IV 370 

ANS I/ 18'1 360/ 
Fortran IV 370 
Fortran IV CDC 6400 

Fortran 18'1 360/ 
IV 370 

Fortran Unknown 
IV 

Unknown Unknown 

GPSS 18'1 360/ 
165 

Machine El I Iott 
Code 920 NB 

Fortran IV Unknown 

Fortran IV IIJ.1 7094 

Fortran IBM 360 
Fortran IV IBM 360 
Fortran IV I BM 7094 

Fortran IV 18'1 360 
CDC 74 

Unknown Unknown 
Fortran IV 18'1 7094 

& 1620 
Fortran IV I B-1 7090 

& 7040 
Unknown IBM 650 
Unknown Unknown 

Unknown Unknown 

Atlas At las 
Autocode ICT 
Unknown Unknown 
Assembly IBM 704 

Stoc. - Stochastic 
ES - Event Scan 
Opt. - Optimization 
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Figure 11. CBD Prob I ems 

Arter I a I Network Mode I s 

In rrost urban areas, streets and 
form an integrated network within 
densely populated areas. This 
noticeable in central business 

highways 
the rrore 
is rrost 

districts 
where resurgence in reconstruct ion and con
sequent I y travel, within these areas. During 
the next decade the growth in our urbanized 
areas is expected to continue to tax our 
existing highway system, particularly in the 
CBD. 

Unfortunate I y this modernization of the in
frastructure of the downtown areas has fre
quently not included the physical street sys
tem or traffic operations controls. Traffic 
entering the CBD immediately slows to a crawl 
due to limited roadway capacity, poorly timed 
sign a Is, and outmoded operation a I procedures 
(on street parking, bus loading a11d unloading 
on thru lane, left turning vehicles, etc.). 

Such efforts as improved signal timing, 
arterial signal interconnection, rerroval of 
parking, one-way streets or reversible lane 
operations and other potential improvements 
must continue to be utilized if maximum use 
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Is to be made of our existing a-ter ial net
work. Other improvements, such as central
ized traffic signal systems control led by 
computers, provide the opportunity for being 
more responsive to change In travel demand 
and increasing the available capacity. These 
new systems are expensive to implement on a 
trial and error basis and, therefore, are not 
looked at as frequently as they should be. 

However, recent deve I op men ts in computer 
modeling provide the traffic engineer with 
rather inexpenst ve methods of develop Ing and 
evaluating various alternatives In order to 
select the ones rrost beneficial to the 
network as a who I e. Most of these m:idel s 
require the same Inputs that traffic 
engineers normally obtain and the rrodels 
provide an economical method of assessing 
proposed improvements. 

Table 3 summarizes the models that can assist 
the tratf i c engineer in analyzing and eva I u
ating alternative network tratf I c control 
systems. 

One of the rrost widely used rrodels has been 
TRANSYT, originally developed in England. 
This rrode I per ml ts deve I opment of optimum 
signal timing and offsets to minimize travel 
time (delay) and stops within an in-
terconnected system of sl gnal s. Resu Its 
obtained from the use of TRANSYT have proven 
to be beneficial after Implementation. Re
cently FHWA enhanced and rrodified this pro
gram as TRANSYT-7F and will rraintain this 
program. 

Recently the FHWA has redesigned SIOOP into a 
new version, SIOOP 111, which provides for 
improved opt iml zation of signal timing with 
output that permits basic evaluation between 
alternatives. This rrodel provides for a com
prehensl ve eva I uatton, including cyde 
I engths, with measures of et feet iveness for 
both Ii nk and the network as a who I e. This 
model will alsoberreintained by FHWA, and 
along with TRANSYT-7F, is included In this 
Handbook. Both represent the latest state
ot-the-art and wi 11 provide the urban traffic 
engineer with the opportunity to evaluate the 
benefits of either mode I • 



Table 3 - Summary of Arterial Network Models 

Number Name Date App Ii cation Model ing Approach 

N-0 NETFLO 1982 Eva I. TSM Mac., Stoc, TS, Sim. 
StrateQies 

N-1 TRANSYT-7F 1981 Opt. Signal Timing Mac., Oet., TS, Opt. 

N-2 SIGOP 111 1980 Opt. Signal Timing Mac., Det., TS, Opt. 

N-3 TRANSYT-7 1978 Opt. Signal Timing Mac., Oet., TS, Opt. 

N-4 NETSIM 1977 Eva I uate Si gna I M le., Stoc, TS, Sim. 
Control Systems 

N-5 TRANSYT-6C 1977 Opt. Signal Timing Mac., Oet., TS, Opt. 

N-6 SIGRID 1977 Opt. Siqnal Timinq Mac., Det., TS, Opt. 
N-7 TRASOM 1976 Opt. Siqnal Tim Ina Mac., Det., TS, Opt. 
N-8 BRITISH 1974 Opt. Signal Timing Mac., Oet., TS, Opt. 

COMBIN. 
N-9 MITROP 1974 Opt. Siqnal Tlmlnq Mac., Det., TS, Opt. 
N-10 SIGOP I 1974 Opt. Siana I Tlmina Mac., Det., TS, Opt. 
N-11 ERIKSEN 1973 Eva I. Bus Movement Mic., ES, Sim. 

N-12 SIGNET 1972 Eva I. Sig. Timing Mic., Stoc., TS, Opt. 
N-13 UTS-1 1971 Eva I. Traffic Flow Mis., Stoc., TS, Sim. 
N-14 Bl RMI NG- 1970 Evaluate Signal M le., Det., TS, Sim. 

HAM Tlminq 
N-15 DYNET 1969 Eva I. Traffic Flow Mic., Stoc., TS, Sim. 
N-16 SAKAI/ 1969 Eva I. Traff I c Flow Mac., Det., TS, Sim. 

NAGAO 
N-17 SCHALK- 1968 Eva I. Traffic Flow Mac., Sim. 

WI JK 
N-18 LONGLEY 1968 Eva I. Traffic Flow Mic., Det., TS, Sim. 
N-19 Ml LLER & 1966 Eva I. Sig. Timing Mac., Sim. 

SCHWARTZ 
N-20 VETRAS 1966 Eva I. Tratti c Fl ow MI c., Stoc., TS, Sim. 

N-21 TRRL 1965 Eva I. Sig. Timing Mac., Stoc., TS, Sim. 

N-22 VTS 1964 Eva I. Traffic Flow Mic., Stoc., TS, Sim. 
N-23 TRANS 1963 Eva I. Siq. Timin\'.l Mac., Stoc., TS, Sim. 
N-24 TRAUTMAN 1954 Eva I. Traff le Flow Mac., Stoc., TS, Sim. 

Abbreviations: Mic. - Microscopic 
Det. - Deterministic 
TS - Time Scan 
Sim. - Simulation 

Mac. - Macroscopic 
Stoc. - Stochastic 
ES - Event Scan 
Opt. - Optimization 
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Program 
Language Computer 

Fortran IBM, me, 
BURROUGH 
IBM, ms, 

Fortran IV BURROUGH, 
HONEYWELL 

Fortran CDC 660 
IBM 360/370 

Fortran IV ICL 4-70 
IBM 360/370 

Fortran IV IBM 360/370 
CDC 6600 

Fortran CDC 6600 
IBM 360/370 

Fortran CDC 74/172 
Fortran IV Unknown 
Fortran IV IBM 360/50 

MPSX/MIP IBM 370/165 
Fortran IV IBM 370/165 

Unknown Unknown 

Fortran IV CDC 6500 
Unknown Unknown 

Egtran 3 Atlas ICL 

Fortran IBM 360 
Machine Mini-

Lanauaqe Computer 
SI mScr i pt me 

Fortran E I I Iott 4 1 00 
GPSS I BM 7094 

GPSS IBM 360 

Unknown Ferranti 
Pegasus 

GPSS/FAP IBM 7090 
SAP/FAP IBM 709 
Unknown SWAC 
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Where nore sophisticated computer control 
systems zre available for changing signal 
tl111lngs, based upon demand as wel I as the 
need to evaluate other operational Improve
ments ( renova I of park Ing, ded I cated bus 
lanes, turn prohibits, etc.), the NETSIM 
simulation node! has proven quite useful. 
This simulation model can be used to evaluate 
several alternatives which zre being con
s ldered and provides a basis for a compre
hensive analysis and Identification of poten
tial problems which could occur that would 
not show up In other models. This nodel ls 
maintained by FHWA and Is expected to be 
continually enhanced with little change In 
basic Input coding except for the addition of 
a Interactive Input processor for use by 
engineers having access to CRT1s. 

F lgure 12. Freeway HOV Lanes. 

In recent years an emphasl s has been placed 
on lncreasl ng the capac I ty, safety and 
efficiency of our nation's freeways. These 
I lmlted access highways were but It generally 
during the last two decades to serve existing 
and future traffic for years to come. 
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However, due to the attractiveness of these 
facl 11 ties, des I gn traftl c volumes were often 
exceeded w I th In sever a I years of The Ir 
open Ing. 

Today our freeways opera'te dur Ing port Ions of 
the day with stop and go traffic and low 
speeds, much as the para I lei arter lals they 
were to rep lace. Th I s congest Ion 1 s due to 
demand In excess of freeway capac I ty and, 
frequently, To accident or oTher Incidents 
affecting traffic conditions. 

S Ince 11DSt of the congesTed freeways are 
within the urbanized areas, the typical 
solutions of adding lanes are not feasible, 
due to r I ght-of-way and construct Ion costs, 
as wel I as land use and environment problems. 
The nore economl ca I sol ut Ions to these prob
I ems have concentra'ted on encouraging higher 
vehicle occupancy, control ling the rate of 
access to the freeway, Improving boTtlenecks 
due to weaving or Inadequate merging lanes, 
as wel I as detect Ion of Inc I dents to perml t 
Improved response by traffic con1rol 
officials. 

In the last decade, a number of canputer 
models have been developed to aid the 
transportation engineer In evaluating 
alternative 1raffl c control strategies to 
Improve the efficiency of the freeway system. 
Table 4 summarizes the 11Ddels that were 
reviewed. 

The nDSt c0111110n method of encouraging higher 
vehicle occupancy has been ttrough the 
designation of a priority lane reserved 
exclusively for high-occupancy vehicles 
(HOV). The nodel which has been used the 
most extensively In the past to evaluate the 
effectiveness of this technique Is the PRIFRE 
model. PRI FRE, a reverse acronym for ~eway 
PRlorlty lane nodel, can be used to evaluate 
the existing conditions without priority 
treatment of HOV' s and var lous types of 
pr tor tty treatments. 

Another method of Improving the level of 
service of freeways Is the use of ramp meter
Ing to either con1rol the flow of entering 
vehicles or provide priority 1reatment for 
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Table 4 - Summary of Freeway Models 

Program 
Number Name Date Application Modeling Approach Language Computer 

F-0 FREFLO 1979 Eva I uate Traffic Mac., Det., TS, Sim. Fortran 79 Q)C, I BM, 
Fl ow :lURROUGH,DEC 

F-1 FREQ6PL 1978 Eva I uate HOV Lanes Mac., Det., TS, Opt. ANSI CDC/IB'--1 
Fortran 

F-2 FREQ4CP 1976 Develop Optima I Mac., Det., TS, Opt. ANS I Q)C/ I BM 
Ramp Meterinq Fortran 

F-3 FREQ3CP 1975 Deve I op Optima I Mac., Det., TS, Opt. Fortran IV IBM 360 
Ramp Meterinq CDC 6900 

F-4 TRAFFIC 1975 Eva I uate Incident Mic., Stoc., TS, Sim. Fortran IV Q)C 6400 
Detec. Strat. 

F-5 MACK 1974 Eval. Traf. Flow Mac., Det., TS, Sim. Fortran CDC 6400 
F-6 PR I FRE 1973 Eva I uate HOV Mac., Det., TS, Sim. Fortran IV Q)C 6400 

Lanes IBM 360 
F-7 RAMPCON 1973 Develop Opt. Mac., Det., TS, Sim. Fortran Q)C 6400 

Meterinc Rates 
F-8 SINHA 1973 Eva I uate Traffic Mic., Stoc., TS, Sim. Fortran IV I Et-1 

Flow /Assembly 360/65 
F-9 soc 1972 Eva I uate Traffic Mic., Stoc., TS, Sim. Fortran IV IBM 360/67 

Flow UNIVAC 1108 
F-10 GECRGIA 1971 Eva I. Effects of Mic., Stoc., TS, Sim. Fortran IV I Et-1 360/ 

Trucks /Assembly 30 & 50 
F-11 CONNECT I- 1970 Eva I uate Traffic Mic., Stoc., TS, Sim. Fortran IV u-J IVAC 

CUT Flow 1106 
F-12 MIKHALKIN 1970 Eval. Sensor Loe. Mic., Stoc., TS, Sim. Fortran IV IBM 360 
F-13 NORTH- 1969 Eva I uate Lane Mic., SToc., TS, Sim. Fortran IV Q)C 6400 

l~ESTERN Chanqinq /SPURT 
F-14 TT! - 1969 Eva I uate Ramp Mic., Stoc., TS, Sim. For tr an IV IBM 7094 

MERGING Controls 
F-15 MRI 1968 Eva I uate Traffic MI c., Stoc., TS, Sim. Fortran IV I Et-1 360/50 

Flow /Assembly 
F-16 MIESSE 1966 Eval. Ramp Closures Mic-. I Stoc., TS, Sim. Unknown Unknown 
F-17 ARIZONA 1964 Eva I uate Ramp Mic., Stoc., TS, Sim. Fortran & I BM 7072 

Desiqn Autocoder or 1401 
F-18 GERLOUGH 1965 Eval. Traf. Flow Mic., Stoc., TS, Sim. Unknown SWAC 

Abbreviations: Mic. - Microscopic Mac. - Macroscopic 
Det. - Deterrnin istic Stoc. - Stochastic 
TS - T lme Scan ES - Event Scan 
Sim. - Simulation Opt. - Opt i mi zat ion 
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h I gh occupancy veh I c I es. The FREQ3CP mode I 
has been used frequently to evaluate alterna
tive priority entry control tor freeways. 
The FREQ3CP model can be used to determine 
the entry control strategy (meter Ing rates 
and priority cut-off levels) that maximize an 
objective function such as passenger input or 
ml les of travel. 

Although both of these rrodels have been 
around for a number of years ( they are 
Included in the FHWA Transportation Planning 
"Back Pack" library), they have been included 
In th Is Handbook. They have proven to be a 
valuable tool in evaluating freeway 
operations. 

Both of these rrod e I s were deve I oped at the 
Institute of Transportation Studies ( ITS) by 
Dr. Adolph D. May and his associates at the 
University of Cal lfornla at Berkeley. In 
recent years Dr. May and his associates have 
extended FREQ3CP and PRIFRE to include fuel 
consumption, vehicle emissions and demand 
response impacts. The rrore current vars ion 
of this model, FREQ6PL, undergoing testing as 
of this writing (as was FREQ6PE) a corridor 
model discussed in the next section). 

It was therefore telt rrore appropriate to 
include PRIFRE and FREQ3CP in the Handbook 
since these models are fully documented and 
are read i I y ava 11 ab I e. For those urban 
traffic engineers and planners who wish to 
undertake a more comprehensive evaluation of 
the effect of ramp meter Ing and freeway HOV 
lanes It is suggested they contact ITS to 
determine the avai labi I ity of their latest 
programs and documentation. 

Transportation Corridor Models 

During the last decade, transportation offi
c i a Is concerned with congest ion on our 
freeway systems have looked to solutions 
which considered the entire system of 
arterials and freeways serving the transpor
tation corridors. These efforts have been 
focused not only on increasing freeway capa
c ltles and vehicle occupancy but 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. 
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Figure 13. Transportation Corridors 

Efforts toward accomp 11 shing this purpose 
have included preferential treatrrent tor high 
occupancy vehicles both on the freeway and 
their entrances to paral lei tact I itles (where 
additional vehicles would reduce the level of 
service on the freeway to unacceptable 
levels) and survell lance of accidents and 
other incidents in order to implement control 
strategies for diversion of traffic to alter
nate routes. 

Most of the computer rrodels available tor 
developing and evaluating transportation cor
ridors are recent and are sti 11 in the pro-
cess of development, testing and reflnerrent. 
Table 5 summarizes those rrodels which were 
identified and reviewed. 

Much active work in model development in this 
area ls being done by the University of Cal t
fornia in Berkeley. Existing models (PRIFRE, 
FREQ, OORQIC and TRANSYT, etc.) were extended 
and refined to obtain a tami ly of models for 
use In evaluating TMS-type projects. These 
five 1TOdels, FREQ6PL, FREQ6PE, FRE~OT, 
TRANSYT-6C and SI MTOL provide the capab I I I ty 
tor investigating demand, supply and control 
interaction tor transportation corr ldors. 



Table 5 - Summary of Transportation Corridor Models 

Number Name Date Application Modeling Approach 

T-0 TRAFLO 1982 Eva I uate TSM Mac., Stoc., TS, Sim. 
Strateqies 

T-1 FREQ7 1980 Eval. Ramp Metering, Mac., Det., TS, Opt. 
Corridor Analysis & 
Driver Response 

T-2 FREQ6PE 1978 Develop Optimal Meter- Mac., Det., TS, Opt. 
ing Strategy and Cor-
ridor Analysis 

T-3 FREQ5CP 1977 Eva I. Ramp Metering & Mac., Det., TS, Opt. 
Corridor Analysis 

T-4 INTRAS 1977 Eva. Freeway Incidents Mic., Stoc., TS, Sim. 
On Corridor Operations 

T-5 CORQIC 1975 Develop Optimal Con- Mac., Det., TS, Opt. 
trols for Corridor 
Operations 

T-6 CORQ 1974 Eva. Traffic Control Mic., Det., TS, Sim. 
Strategies within 
Corridor 

T-7 VPT 1974 Eva I uation of Traffic Mic., Stoc., TS, Sim. 
Flow in Freeway 
Network 

T-8 LIEW 1974 Evaluate Optimal Ramp Mac., Stoc., TS, Sim. 
Control Strateqies 

T-9 STAR 1974 Eva I ua te Surve i I I ance Mac., Oet., TS, Sim. 
and Control Strategies 
for Route Diversions 

T-10 SCOT 1975 Evaluate Traffic Con- Mic., Stoc., TS, Sim. 
trol Strategies within 
Corr I dor 

T-11 FRIOP 1972 Develop Optimal Inter- Mac., Det., ES, Opt. 
chanqe Conflquration 

T-12 DAFT 1970 Evaluate Traffic Con- Mac., Stoc., TS, Sim. 
trol Strategies within 
Corridor 

T-13 soc 1966 Evaluation of Alterna- Mac., Stoc., TS, Sim. 
tive Diamond Inter-
Chanqe Confiqurations 

T-14 TRANS IM 1966 Evaluation of Traffic Mlc./Mac., Stoc./Det. 
Performance In System TS, Sim. 

Abbreviations: Mic. - Microscopic 
Det. - Deterministic 

Mac. - Macroscopic 
Stoc. - Stochastic 
ES - Event Scan 
Opt. - Optimization 

TS - Time Scan 
Sim. - Simulation 
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Program 
Language Computer 

Fortran 77 CDC/ I BM, 
BURROUGH 

ANS I CllC/ I BM 
Fortran 

ANS I CDC/I BM 
Fortran 

ANS I CDC/IBM 
Fortran 
Fortran IV IBM 370 

CDC 7600 
Fortran IV CDC 6400 

Fortran IV IBM 360 

Fortran IV CllC 7600 
/COMPASS 

Unknown Unknown 

Unknown Unknown 

Fortran IV me 660 
IBM 370 
UNIVAC 

Fortran IV IBM 360 
/Assembly 

Unknown Unknown 

Jov I a I/ VARIAN 
Mach in e 620 

Fortran IV IBM 70~, 
7094,1401 
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Due to limitations of the models that could 
be included in the Handbook none of these 
models were included. It is felt comprehen
sive studies of major transportation corri
dors are unique and present special circum
stances which would require an evaluation of 
several models to select the most appropri
ate. It is recommended that users who are 
interested in studies of this nature contact 
the University of California to determine 
ava i I ab i I I ty and app I I cab I I I ty of other 
models. 

The FHWA offices of Research and Deve I opment 
are developing a family of traffic simulation 
models as part of the TRAF Program (Ref. 3.2) 
which al low the simulation of transportation 
corridors (See Chapter 14-Future 
Deve I opments). 

METHOD OF PRESENTATION 

Each of the ten models wh l ch were se I ected 
are described in the fol lowing chapters. A 
summary description of the model is provided 
fol lowed by a di scussl on on its input re
quirements, model operation and significant 
computational algorithms and output reports. 
Any special features which are available as 
well as potential applications and limita
tions are described. This is fol lowed by 
several example applications of the models 
and a list of appropriate references. 

During the development of the Handbook It was 
determined that the best method of model 
evaluation and presentation was to select 
actual problems faced by urban traffic engi
neers rather than use problems i I iustrated in 
the text of model documentation. By this 
technique the authors were able to "start 
from scratch," as wou Id a new user and cou Id 
eva I uate adequacy of IT'Odel documentation, 
data col lectlon requirements, cod Ing effort 
and usefulness of output reports. 

In the case of the six models used for inter
section, arterial and arter lal network the 
data were obtained from the Central Business 
District of the City of Tampa, Florida. 
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Within this downtown area is a fairly con
gested signalized intersection with some 
unique operational characteristics. This .In
tersection is al so part of an arterial serv
ing as a major access to the C80. This 
arterial roadway is within an interconnected 
signal system providing a background cycle 
for seven actuated signals and one fixed time 
signal. Presently this arterial is also part 
of CBD arterial network which includes a 
system of one-way streets with an additional 
50 fixed time signals interconnected and 
under the same rraster control as the 
arterial. The entire downtown system ls 
presently control led by this master 
controller with three dial operation. 

The other arterial model, PASSER Ill, is for 
d iarrond interchanges. Since no di arrond 
interchanges exist within the C80 an inter
change within the adjacent urban area was 
se I ected. 

For the two freew-ay models, PRJ FRE and 
FREQ3CP, a section of 1-95 in Miami, Florida 
(Airport expressway to Golden Glades) was 
used as the example appl I cation. This sec
tion was previously evaluated by the Florida 
Department of Transportation and field data 
was readily available. 

As previously Indicated, each model is dis
cussed in separate chapters. How ever, 
several models have applications at the same 
type of location. Therefore, to i I lustrate 
model applications and to permit comparison 
between models, the same problem is used fre
q uent I y In "hlo or more chapters. The f Ir st 
t I ire a prob I em is used there is a more 
detailed description of existing conditions. 
When used in succeed Ing chapters this deta I I 
is omitted and the reader rray wish to refer 
back to the referenced chapters. 

AVAILABILITY OF MODELS 

The models included within this Handbook pro
vide the urban traffic engineer with a wide 
range of capabilities to evaluate typical 
traffic nanagement problems they are faced 
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Table 6 - Capabilities of Handbook Models 

LOCATION APPLICATION 

MODEL Intersection Arterial 

SOAP OPT 
TEXAS SIM 
PASSER 11 OPT OPT 
PASSER 111 OPT* 
SUB SIM* 
TRANSYT-7F OPT 
SIGOP 111 OPT 
NETSIM SIM SIM 
PRIFRE 
FREQ3CP 

*Special Application 

with today. Table 6 summarizes the capabil
ities of the models discussed in this Hand
book. 

Each of the models described in this Handbook 
has been placed in a Tape Library which is 
available for purchase at a modest tee. This 
can be obtained from the Implementation Divi
sion of the Federal Highway Administration by 
completion of the order form on the last page 
of this Handbook. 

The Tape Library includes the computer pro
gram tor each model and the prob I ems de
scribed in this Handbook tor use in executing 
the problem on the user's computer to deter
mine compatibility. 

The Technical Appendix that is provided with 
the tape includes a description of the struc
ture and contents of the tape, instructions 
for installing and accessing specific pro
grams as wel I as notes on using and modifying 
the source code. In addition, a separate 
chapter is devoted to each model to describe 
the machine requirements, comments on 
required Job Control Language (JCL), data 
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Arterial Fre8'1ay Fr e811 ay 
Network Lanes Ramps 

' 

OPT 
OPT 
SIM 

SIM 
OPT 

coding and input-output requirements. Also 
there is a discussion on the use of the 
example problem tor executing the programs. 

The Tape Library package does not inc I ude a 
User's Manual or Programmer's Manual for each 
model. These must be obtained from the 
Nationa I 
(NTIS). 

Technical Information Service 
The documents that are available for 

earlier models are listed in the references 
at the end of each chapter a I ong with their 
NTIS number. The documentation that is 
essential tor model application, the User's 
Manual and frequently a programmer's manual, 
are indicated by an asterisk. 

The Tape Library has been successfully in
stai led and executed on IBM 360/370 equipment 
and users that have access to this computer 
system should have no unusual difficulties in 
using the models. Since al I the programs are 
written in FORTRAN IV, users with other com
puter systems should be able to instal I the 
program on other compatible systems with a 
min i mum of et fort ( no more than one to two 
weeks programmer's time). 
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CHAPTER 4 - SOAP (INTERSECTION OPTIMIZATION MODEL) 

In the Un I ted States today there are CNer 
240,000 signalized Intersections with more 
being Installed each day. To the driver of a 
vehicle these signalized Intersections can 
e I. ther a Id them on a tr I p or become an obs ta
c I e which delays their free movement. In the 
minds of these drivers, how efficient their 
streets are control I ed depends large I y on 
the Ir percept Ion of how wel I each works to 
their benefit.. Therefore, 'the efficient" 
operation of signal lzed Intersections Is a 
matter of lncreasl ng concern to both the 
motorist and the traffic engineer. 

Current traffic signal lzatlon design proce
dures do not permit a truly comprehensive 
design due to the largely trial-and-error 
process which Is required. Frequently the 
experience of the designer Is heavl ly 
weighted In the ultlnete design and lll!lny 
factors, such as phasing patterns, houri y 
volume patterns, etc., are not cons I dered 
adequately In developing the signal control 
strategy. 

Clearly, there Is a need for a procedure that 
wl 11 al low the traffic signal designer to 
consider a variety of phasing possibilities 
and to al low the varying traffl c volumes to 
be considered. In addition, data should be 
provided to permit the designer to conduct a 
cost-effectiveness evaluation of alternative 
traffic control equipment. 

With this need In mind, the Florida Depart
ment of Transportation and Federal Highway 
Administration, have recently developed a 
computer model that provides the user with a 
valuable tool for examining a wide range of 
Intersection signal design alternatives and 
select-Ing the best alternative. 

SOAP, wh I ch Is an acronym for _ii gna I ..Qpera
t Ions Analysis Package, ls a traffic signal 
controller optimizing tool which enables the 
user to des I gn the st gna I ti ml ng for any 
three or four legged Intersection. SOAP wl 11 
determine the optimal cycle length, phasing 
pattern and l.eft-turn configuration for Iso
lated Intersections. The user 1111y preselect 
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Figure 14. Signalized Intersection 

any of the design paraneters If he chooses or 
al low SOAP to determine them by an optimiza-
tion algorithm. SOAP can analyze present 
timing as wel I. Since the model has this 
dual capability - design and analysis - l.t 
can be used as an eva I uatlon tool to compare 
the relative effectiveness of alternative 
control strateg I es. 

MCDEL DESCRIPTIOII 

The Signal Operations Analysis Package (SOAP) 
was designed and written by the University of 
Florida Transportation Research Center (Ref. 
4.1-4.5). The program was written In Fortran 
IV on an I Et-1 370/165 computer system. The 
program consists of CNer eleven thousand card 
Images. Almost one half of these are actual 
Fortran code with the ren In Ing I Ines used 
for program documentation. 

This program requires 202 K bytes of computer 
memory. Dur Ing the development phase the 
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program has been run using IBM FORlRAN G, 
H-extended and WATFIV comp I lers. A version 
Is al so ava I I ab I e tor Burroughs computers. 
The current program is a stable and reliable 
vars ion and shou Id be tree ot errors. The 
program shou Id be ready to run on nost I BM 
systems with some changes required for other 
systems. 

Execution time wil I vary considerably depend
ing upon the time periods, type ot control 
and use of progression analysis features. 
Typically, on the IBM 370/165, an execution 
time of 2 or 3 seconds may be required. t.t>re 
data i led information of the model program is 
found in the Programmer's Manual 14.41. 

ltPUT REQUIREMENTS 

The developers of the model have provided a 
program which can be run with only the normal 
information gathered by typical traffic engi
neering agencies. Provisions have been made 
for the user to nodlfy the default values 
built into the program to reflect local 
conditions. 

A standardized format tor al I input data is 
used to simplify the coding as much as possi
ble and is shown in Figure 15. 

-lllllCAL l~TIOII 
AL_T __ 
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Figure 15. General Card Format 

There are three types of inputs which are 
required. These are: 

Type 1 - Instruction cards which tel I SOAP 
what to do, 
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Type 2 - Para1TSter cards which tel I SOAP 
how to do It; and 

Type 3 - Data cards which supply the input 
variables tor the intersection 
under study. 

Data may be coded and submitted to the com
puter as a single run or for multiple runs. 
Figure 16 shows the standard deck stack used 
tor obtaining multiple computer runs. 

Figure 16. Structure of SOAP Input 
Data Deck. 

SOAP input data may consist of an original 
data deck for a given intersection with 
multiple runs tor evaluating alternatives. 
In addition, multiple intersections, or prob
I ems, may be inc I uded at the user's di scre
t ion. Table 7 contains a brief description 
of each of the Input cards and the Ir 
purpose. 

Instruction Cards 

It was noted ear I I er that mu It i p le runs can 
be accommodated by SOAP. This does not mean 
that data requirements become overly burden
some. There are three I eve I s of a comp I ete 
execution: 

1. A "job" which is the complete execution; 

2. Problems, which are completely separate 
and independent analyses, but stacked tor 
convenience to avoid multiple job execu
tions; separated by BEGIN cards; and 
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Table 7 - Input Requirements for SOAP 

CARD TYPE NAME PURPOSE DATA REQUIREMENT 

Instruction BEGIN To begin a new prob I em Begin and end time, duration of per-
Cards iods and name of intersection 

RUN Initiates a run using al I Case number and title of this run 
data in the input file 

END To terminate job None 
COMMENT To record user comments Maximum of 25 characters per card 

(optional) 
TABLE To request intermediate out- Tab le numbers desired 

(optional) put of tables 
PLOT To obtain printer plots of PI ot number and number of hor izonta I 

(optional) specified variables and vertical I ine and spaces between 
COMPARE To compare tota I delay and None 

(optional) excess fuel consumption for 
prior runs 

CASE To name a case or run Run (or Case) number and name of 
(optional) this case 

NO WARN To suppress pr in ting of None 
(optional) warninq messaqes 

CHECK To have SOAP check al I input None 
(optional) cards, but not execute 

Parameter PATTERN To specify signal phasing Pattern "name" for east-west and 
Cards (optional) patterns north-south direction 

LEFTURN To specify protected left Directions for protected turning 
(optional) turning intervals or number in terva Is, number of I eft turn ve-

of "sneakers" hi c I es rel eased at end of unpro-
tected phases 

CONTROL To specify control I er oper- Ti me du rat ion, begin ti me, dial no. 
(optional) ating parameters for fixed time control, min. & max. 

cycle lenqth and al I-red period 
LI t-1< To examine progression with Dial number, average speed, dis-

(optional) adjacent intersection tance, directions, outbound and in-
bound green split, volume data and 
deqree of saturation at satel I ite 

Data VOLUME To input traffic counts Volume uni ts, duration period, begin 
Cards time and volume of each movement 

CAPACITY To input capacity or lanes Duration period, begin time, capac i-
to calculate ties or number of lanes 

HEADWAY To input headway data for Start up time and departure headways 
(optional) each approach for thru and left movements 

EXISTING To analyze existing timing Dur at ion period, begin time, green 
(optional) (no optimization) time for each movement and pattern 

MINGREEN To specify minimum phase Minimum phase times for each move-
(optiona I) time for each movement ment 

TRUCKS To adjust volumes to reflect Duration period, begin time, and % 
(optional) trucks and buses trucks and buses for each movement 

GROWTH To input growth factors to Dur at ion per iod, begin time, gr~th 
(optional) update or project old counts factors for each movement 

PCF To assign platoon Concentra- Percent of tr a ff i c arr iv i n g on the 
(optional) tion Factor red phase for each movement 
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3. Runs within a prob I em separated by RUN 
cards. 

The key instruction cards are thus the BEGIN, 
RUN and END cards. The BEGIN card clears al I 
data arrays and commences a comp I ete I y new 
problem. CASE cards may precede a begin card 
to label conditions (runs) included behind 
the BEGIN, as may COMMENT cards (which are 
ignored by SOAP except to echo them in the 
input report) and the NOWARN card. The CHECK 
card must precede a BEGIN card to suppress 
execution. 

When a RUN card is encountered, SOAP begins 
execution and outputs al I reports requested 
prior to the RUN card. It then looks for 
e i ther another BEG I N card ( to start a new 
problem), a COMPARE CARD (to insure that the 
previous run is included in the comparison) 
or an END card to terminate execution. If 
none of these is encountered (including the 
card fol lowing a COMPARE card) SOAP wi 11 
begin to accept changes to the current data 
In preparation for the next run. Thus a 
typical deck to study, say, four alternatives 
will have most of the data in the first run, 
fol lowed by three runs with only minor para
meter or data changes. 

Parameter Cards 

The parameter cards fol low a BEGIN card. 
These four cards (PATTERN, LEFTURN, CONTROL, 
and LINK) establish the signal patterns, left 
turn sequence, the controller dial settings, 
cycle lengths and coordination data. Al I are 
opt i ona I and SOAP either has def au It va I ues 
or wi 11 produce the parameters internally. 
Additionally, the EXISTING data card has 
parameters similar to the PATTERN card. 

With multiple phasing and sequencing, there 
can be up to eight phases and these may be 
sequenced in many combinations, or patterns. 
To understand how to use the PATTERN, LEFTURN 
and EX I ST I NG cards, it is necessary to know 
precisely how SOAP Interprets several traffic 
engineering terms, specifically "phase," 
"pattern," and "sequence." · 

1. Phase is a 
authorizes 

unique green 
on I y certain 

display which 
movements to 
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occur. Typical phases are shown in 
Figure 17. For SOAP 1 s purposes the yel
lows are considered part of the green. 

PHASES 1'011 THE ENTIIIE IEQUENCE 

Pllaoe I PllaN 2 PIia• 3 l'IIGN 4 PllaN ti 

"'- j l - ,-
~ ---4 -
PhaM I PllaN2 PllaN I PIIIIM 2 PllaM I 

P-. for tho NB PhGffl for tho EB a WB 
a SB Pattwo Patt.rn 

Figure 17. Typical Signal Cycle Showing 
Phases, Patterns and Sequences 

2. Pattern is the combination of phases for 
the north-south (N-S) and east-west CE-W) 
directions. For example, in Figure 17, 
the N-S pattern consl sts of phases 1 and 
2 and the E-W pattern consists of phases 
1, 2, and 3, as indicated at the bottom 
of the figure. 

3. Sequence Is the complete phasing for the 
cycle, or phases 1-5 as shown at the top 
of FI gure 17. 

To si mp Ii fy cooing of the input cards, a 
standard terminology for describing phases 
was developed. The permitted movements are 
simply named according to their direction, as 
i I lustrated in Figure 18. The sequence shown 
in Figure 17 is thus "LTETW''. SOAP does not 
deal with the entire sequence, however, but 
in patterns. Thus the N-S "pattern narre•i is 
"LT" and the E-W "pattern name" is "ETW''. 
Thi s overcomes the uncer ta in ty about the 
"T's" since it is now clear which direction 
is intended. There are a total of eight two
phase patterns and eight three-phase patterns 

which are permissible, in addition to the 
"a I I" patterns, shown at the bottom of Figure 
18. 
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Figure 18. Terminology tor Naming Signal 
Phases By Movement. 

Pattern names (used on PATTERN and EXISTING 
cards) should not be confused with LEFTURN 
spec It I cations, a I though they must be con
s I stent. 

The LEFTURN card estab I I shes tor each I aft 
turning rrovement any protected left turn 
Intervals which are required. It is also 
poss I b I e to spec I ty the min I mum number of 
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vehicles on each approach which can be 
cleared during each cycle. 

The CONTROL card estab I i shes the di a I number 
and, time periods, it any, tor pretimed oper
ation, the minimum and maxi mum cycle I engths 
and the I ength of any a I I red period. Up to 
six dials can be considered. If tul I-actua
tion operation is to be evaluated, the dial 
numbers and time periods are omitted. 

Up to four LINK cards can be utilized to 
examine the et fects of progressive movement 
of traffic through an adjacent signalized 
intersection. Data which must be cooed 
include vehicle speed, distance, present 
green time at adjacent intersect ion, affect 
and thru volumes. If platoon concentration 
factors (PCF) are supplied they will override 
data on the LINK card. 

Data Cards 

Eight data cards exist, but only two (VOLUME 
and CAPACITY) are required. The descriptions 
in Table 7 are self explanatory, but it is 
important to recal I that al I data input must 
always be in the order specified below (see 
special case of the "standard" data card as 
ii lustrated in Figure 19). 

"' I-
C 
0 .. 
0 .. .. ,. 
I-

Al.PMAlf:TIC D11111 

111 20 211 llO Ill 40 411 IIO 511 
AND COIIIIENTI 

., 
• j:: 

z I 0 
j:: 

' 
::, 
IC C :I: IC • ::, ., I-

J I- J I- I- J 
0 • J • • • • • • • • z z .. • .. .. lit lit 

Figure 19. Input Data Card Format As A 
Special Case of the General 

Card Format. 

The VOLUME Card is necessary to estab I i sh the 
traffic volumes tor each of the eight move
ments. A separate card is necessary tor each 
time interval where a volume change occurs. 
It data are missing tor some intervals, the 
user has the opt ion to a I I ow the program to 
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estimate the volumes by Interpolation of 
values on each side of the vacant interval(s) 
or to omit the lnterval(s). 

The C/IPACITY Card establishes the (maximum) 
capacity, or saturation flow per hour of 
green time, given to each movement. 1-bwever, 
the user has the opt ion of coding the number 
of lanes and the saturation flows wll I be es
timated using the departure headways provided 
in the HEADWAY Card. The number of lanes 
shou Id be coded as a dee ima I number (e.g. 
2.1) to permit the user to adjust saturation 
flows for narrow pavements and other restric
tions. 

Although the HEADWAY Card is optional, fre
quent users of SOAP will find It desirable to 
conduct headway studies for their area. If 
they are different than the default values of 
3.5 seconds for start-up time and 2.2 and 2.5 
seconds for thru and left turns departures, 
respectively, the user will want to adjust 
these default values and use their values for 
ca I cu I at Ing capac I ty. 

The EXISTING Card is optional but can be used 
to Input existing signal timing. This pro
vides a basis for comparing existing operat
ing characteristics with those expected under 
optimized conditions. 1-bwever, this card can 
only be used for pretlmed control. 

The MINGREEN Card Is also optional but should 
be used when minimum green times for pedes
trian crossing are different than the default 
values. The default values are 10 seconds 
for protected I eft turns and 15 seconds for 
thru movement for pret I med sl gna Is and zero 
seconds for actuated signals. 

The traffic volumes can be adjusted to re
f I ect trucks and buses by use of the TRUO<S 
Card. The program converts the percent of 
trucks and buses to equlva lent passenger 
vehicles by multiplying by a factor of 1.6. 

The GROWTH Card can be used to update old 
data or to reflect projected changes In traf
f I c volumes. The user can app I y factors to 
each movement to reflect these changes. 

In cases where the signal being examined Is 
part of a coord In ated sys tern of Inter sec-
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tions, the user can supply this information 
on the PCF Card as a percent of traffl c that 
arrives on the red phase of each movement. 
When the "Platoon Concentration Factor" Is 
not supplied, the program assumes random 
arrivals unless one or nore Lll'f< Cards are 
provided. 1-bwever, PASSER I I or MAXBAND 
should be used for optimizing (bandwidth) 
coord !nation. 

OPERATIONAL SLM4ARY 

SOAP is a complex program in its entirety, 
however, the rrore res tr I ct ions the user In
puts (eg. preselected signal sequences), the 
fewer the ca I cu I at Ions required. The opera
tions and capabi 11 ties of SOAP are discussed 
In this section. 

SOAP has three inherent functions: 

a) design, 

b) analysis, and 

cl eval uatlon. 

To accomplish these functions it Is necessary 
to provide inputs mentioned briefly before. 
To desl gn signal timing It is necessary to 
configure the intersection and input the ap
propr late data. SOAP then produces al I legl
tlrrate phasing patterns. It internally ana
lyzes each pattern and selects the ones which 
can be executed using the minimum anount of 
green t I me. Th Is des I gn Is returned to the 
user. 

The next step is dial assignment and timing. 
A typical controller provides ttree dials 
which al low up to three timing patterns to be 
Implemented. SOAP can handle up to six such 
patterns. The user must decide how many pat
terns are to be used at a given intersection 
and assign them to the appropriate dial (con
trol period). If any pattern Is unassigned, 
SOAP w 111 do so, based on the traffl c de
mands. If actuated control is desired, no 
pattern ass! gnments are rrade and SOAP makes 
its computations accordingly. 



Cycle length ls the nost difficult design 
element to determine. This Is a particularly 
comp I ex prob I em when sever a I control periods 
are to be designed. However, SOAP produces 
these quickly, based on the volumes, capaci
ties and several other parameters. A trial 
and error opt I mi zat Ion procedure is used to 
find the cycle length which produces the 
minimum total delay, subject to constraints 
which govern the amount of queueing which can 
be tolerated. 

Analysis Is accomplished by computing the 
various measures of effectiveness, MOE, which 
are: 

0 delay, 

0 stops, 

0 excess fuel consumption, 

0 degree of saturation, and 

0 left-turn cont I lets. 

This allows the user to quantify the effects 
of either the designed control strategy, or 
if desired, any explicit scheme he wishes to 
analyze. Evaluation comes in the comparison 
of several alternative schemes. Comparisons 
can be produced by SOAP automat lea 11 y or the 
user may make them off-I lne, manually. 

COMPUTATIONAL ALGORITtl4S 

The salient MOE 1 s produced by SOAP were iden
tified above. The computational algorithms 
to compute these measures are discussed in 
the fol lowing paragraphs. 

Delay ls calculated using the wel I accepted 
Webster's method (Reference 4.6) for unsatur
ated flow under fixed-timed operations. The 
Webster nodel has three components. The de-
1 ay due to uniform arrivals Is expressed as: 

D1 = 

2 
C < 1-A) 

2(1-AX> 

(4. 1) 
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D1 = delay due to un I form arrivals 
(sec/veh), 

C = cycle length (sec), 
>. = the proportion of green time given 

to the novement (effective green 
time/C), and 

X = the degree of saturation of the 
movement ( v/c). 

The delay due to random arrivals, o
2

, is, 

x2 
Dz=----

2v(1-X) 
(4. 2) 

where v = volume (veh/sec) and the rest as 
before. 

An adjustment factor, D3' is, 

C 1 /3 l X (2 + SA) I 

o
3 

= -0.65 -
2 

(4. 3) 
V 

which was developed empirically to provide a 
better mathematical tit to field studies. 
Webster's delay Increases lnflnl"tely as the 
v/c ratio approaches 1.0; therefore Webster's 
Is only practical to use up to v/c = 0.975. 
For saturations in excess of capacity the 
fol low•lng Is used: 

(4.4) 

where Yr= no. of vehicles not accomrroda"ted 
during the green 

T = tine period (sec). 
S = Saturation flow (veh/sec) and the 

rest as before 

The queue length at the end of the phase, 

Oe, Is, 

(4. 5) 

where Qb = queue length at the beginning of 
the period. 



Given these values the total delay, D, is, 

(4 .6) 

For the region where saturation 
0.975 and 1.0 no rrodel existed. 

is between 
Since the 

region is smal I, the assumption that delay is 
constant was used, which was the Webster's 
delay at v/c = 0.975, or 2 minutes, whichever 
was I ess. 

For actuated control, no reliable delay model 
existed and this prob I em is extreme I y com
p I ex. The approach used in SOAP was to modi
fy Webster's model. The actuated control 
strategy is assumed to: 

a) Distribute the available green time in 
proportion to the demand on the criti
cal approaches, and 

b) To minimize "wasted" time by terminat
ing each green interval as soon as the 
queue has been served. 

This approximation simulates a "wel I timed" 
actuated controller. To achieve the results 
calculated by SOAP, it Is therefore neces
sary to avoid excessively long Initial and 
extension intervals. 

The cycle length calculated by SOAP uses the 
Webster I s method a I so. For fixed ti me oper
ation the optirral cycle length, C

0
, is, 

where L 

C 
0 

1.5 + 5 

- y 
(4. 7) 

sum of al I lost time due to start
Ing and stopping critical rrove
ments, and 

Y = over a I I degree of saturation (i.e. 
the proportion of green time re
quired tor the rrovement of traf
fic). 

For actuated control the "cycle length" is 
the average cycle length which ensures al I 
excess time is dissipated in the starting and 
stopping process, or 1 - Y. Therefore, the 
average cycle length, Ca, is simply 1.1 
L/( 1-Y). In the low to rroderate demand 
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range, C
9 

wi 11 always be lower than C
0 

and the difference is slack time necessary to 
provide for the stochastic var i at ion in de
mand. 

As the intersection approaches saturation, 
actuated control approaches fixed time con

trol, or Ca C0 Cmax• The estirrate 
of delay must account for the various sources 
of delay as expressed in Webster's component 
models. For reasons too lengthy to discuss 
here, the cycle length used in the first 
(e.g. 6.1) and second (e.g. 6.2) terms are 
as follows: 

First Term Second Term 

Fixed Time 
Actuated 

C 
co 

a 

The proportion of vehicles required to stop, 
~s• is equal to the number of vehicles 
Joining the queue while it is stll I discharg-
1 ng, a I I div i ded by the number of arr Iva Is 
per cycle, or: 

p 
s 

where 

rs 

C(s-v) 
(4 .8) 

r = length of red (sec.), 
s = saturation f I ow dur Ing green (veh/ 

sec) and the rest as before. 

Excess fuel consumption Is computed from the 
percentage of stops as follOfls: 

where E 
s 

a 
V 

p 
s 

= 
= 

(4.9) 

gal Ions of fuel consumed due to 
stops (gal/hr), 
fuel consumption rate (gal/stop), 
vo I ume (veh/hr), and 
percent of stops. 

The excess fuel consumption due to delay, 

Ed, Is: 

where 

Ed = 8 v d/3600, (4. 10) 

8 = fuel consumption rate per veh-hr 
of Id I Ing, 

d = average vehicle delay (sec/veh), 



and of course tota I consumpt Ion, E, is the 

sum or Es and Ed. 

The fuel consumpt Ion rates, OC and f3 are 
based on studies by Clatty (Reference 4.7). 

The v/c ratio Is a ref I ect Ion of the degree 
of saturation of the Intersection. For an 
Individual approach the degree of saturation, 
X, Is found by: 

V V 
X = --XS- = -S- (4. 11) 

as previously defined. 

Lett-turn conflicts occur when left turns are 
permissive, or not exclusively protected. 
The measure of effectiveness Is the number of 
left turns which cannot be accommodated safe
ly. Since protected left turns have no con
t 11 cts, none are computed. When the turn Ing 
vehicles may cross traffic there must be suf
ficient gaps ln the oncoming traffic. /vi ef
fective left-turning saturation flow based on 
Tanner's model (Reference 4.8) which relates 
opposing flow to left turning flow Is used. 

1 BEGIN 0700 1800 15 
2 CASE 
3 TABLE 22 23 39 
4 PLOT 1 
5 PLOT 5 
6 LEFTURN 2.0 
7 CONTROL 2 0700 1 60 120 

Given the opposing t I ow, the I ett turn sa tur
at ion flow Is taken from a curve and compared 
to the I ett turn demand. My "excess" demand 
is the number of left turn conflicts. It is 
recognized that many I eft turns are made at 
the beginning or end of the red; thus the 
I ett turn cont 11 cts <Ye not necessar 11 y de
n led their turn, but It Is felt that this MOE 
wou Id Ind lcate when (and where) enough ex
cess left-turn maneuvers may ocaJr that rerre
d lal action might be warranted. 

OUTPUT REP~TS 

There are six types of outputs available from 
SOAP. Each of these provide useful informa
t Ion to the user. 

Input SU1111ary 

The input data Is echoed prior to execution 
in a 11 st si ml I ar to the one shown In Figure 
20. Where appropriate, messages are Included 
so the user can verity that the action taken 

ASHLEY DR. E KENNEDY BLVD! 
OPTIMAL DIAL & TIMING 

WE 
DIAL 1 SEED 

••• 309 ••• ALL RED PERIOD ASSUMED NOT TO EXIST 
8 I CONTROL 4 0900 2 60 120 

••• 309 ""* ALL RED PERIOD ASSUMED NOT TO EXIST 
9 I CONTROL 2 16 00 3 60 120 

*** 309 *"* ALL RED PERIOD ASSUMED NOT TO EXIST 
10 !HEADWAY 3.5 1. 9 2.5 1. 9 0 2.5 2.2 2.5 

••• 302 """ DEFAULT VALUE USED FOR SOUTHBOUND LEFT HEADl4AY 
••• 302 ••* DEFAULT VALUE USED FOR WESTBOUND LEFT HEADWAY 

11 I MIHGREE!i 15 0 15 0 24 24 15 
**" 303 ••• MINIMUM GREEN VALUE FOR NORTHBOUND LEFT IS ZERO 
••• 303 **" MINIMUM GREEN VALUE FOR SOUTHBOUND LEFT IS ZERO 

12 I VOLUME 15 0700 39 0 128 0 0 56 42 

41 IVULUMt. 1!> 0/jO •ZI 10 ~ll6 u u ,i.'l <.<./ 
42 !VOLUME 15 17 30 96 5 224 0 0 109 176 
43 I VOLUt1E 15 1745 89 7 213 0 0 79 116 
44 I CAPACITY 9 07 O O 2. 0 1.0 3.2 0 0 1.8 2.6 

••• 305 *"" NORTHBOUND THRU CAPACITY WILL BE ESTIMATED USING 
••* 305 ••• NORTHBOUND LEFT CAPACITY WILL BE ESTIMATED USING 

""" 305 """ SOUTHBOUND THRU CAPACITY WILL BE ESTIMATED USING 
""" 304 ••• SOUTHBOUND LEFT MOVEMENT ASSUMED NOT TO EXIST ••• 304 *"" EASTBOUND THRU MOVEMENT A ssur1rn tlOT TO EXIST 
*"* 305 *"* EASTBOUND LEFT CAPACITY lHLL BE ESTIMATED USING 
"*" 305 ""* WESTBOUND THRU CAPACITY ~JILL BE ESTIMATED USING 

DIAL = 2 SEED 

DIAL = 3 SEED 

0 FIELD MEASUREMENTS 

15 

l't 
15 
1 0 

1 LMJE EQUIV. 
DEPARTURE HEADWAYS 
DEPARTURE HEADWAYS 
DEPARTURE HEADWAYS 

DEPARTURE HEADWAYS 
DFPARTIIRF HFATlW~YS 

""" 305 ••• *"" 305 ••• 
WESTBOUND THRU CAt'ACllY W!LL tll: t~llMAltlJ UolNG IJtt'Ai<IUKt tltAIJIJAY~ 

46 I PCF 
*** 311 *"" 
""" 311 "** 
"*" 311 ""* 4 7 I RUN 

WESrBOUND LEFT CAPACITY WILL BE ESTIM.\TED USING DEP,,RTURE HEAC'.JAYS 
11 0700 .265 .265 .350 417 .417 PCF FOR SB EST 

PCF VALUE NOT SPECIFIED FOR SOUTHBOUND LEFT ISOLATED OPERATIOll ASSUMED. 
PCF VALUE NOT SPECIFIED FOR EASTBOUtlD HIRU ISOLATED orERATIOtl ASSUr1ED. 
PCF VALUE NOT SPECIFIED FOR EASTBOUND LEFT ISOLATED OPERATIOll ASSUMED. 

1 

Figure 20. Listing of SOAP Input Data 
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by SOAP was as in tended, The Ii ber a I use of 
the comment card will assist the user in 
recalling the basis tor the input data. 

MOE Report 

For each run a table of the numerical results 
of the current run is 
shown in Figure 21. 
strategy information 
table. 

output. An examp I e is 
General and control 

is found above the 

Within the table are the current values of 
the MOE, namely: 

1. Delay in vehicle-hours, 

2. Percent saturation (v/c), 

3. Maximum queue length in vehicles, 

4. Percentage of stops, 

5. Excess fuel consumed (due to stops and 
delays) in gal Ions, and 

6. Lett-turn cont Ii cts. 

Al I but the last are given separately tor the 
thru and left-turn rrovements for the tour 
d Ir ect ions. 

Below this is a sumrrary of items 1 (also in 
average seconds/vehicle), 2, 5 and 6 tor the 
entire intersection. To the right of the 
summary is the phasing diagram. The entries 
in the phasing diagram correlate with Figure 
18 as follows: 

N North 

S = South 

E = East 

W = West 

A = Green 

T = Thru 

L Left 

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD 

2 DIAL CONTROLLER= 

ANALYSIS PERIOD: 700. TO 1800. PHASING: PHASE HS, 2 PHASE EW. 

LEFT TURNS - HORTH: NOHE, SOUTH: NOHE, EAST: REST, WEST: REST. 

HORTH SOUTH EAST WEST 
lllllll!lllllll!Klllllll!KKlllllllllllll!lllll!Klllllllllllllllllllllllllllllll!Klllllllllllllll!IElllllllll!KllKKl!KllKKllKKKllKKKllllKKll 
ll * * * * * 
* DELAY TO THRU CVEH-HRS> * 6. * 22. * 0. * 31. * 
* DELAY TO LEFT CVEH-HRS) * 1. IE 0. * 23. * 1. * 
ll * IE * * IE 

ll ¾ SATURATION THRU * 28. * 46. IE 0. * 69. * 
* ¾ SATURATION LEFT * 29. * 0. * 50. * 9. * 
* IE * * * * 

* MAX QUEUE TO THRU CVEH) * 11. * 19. * 0. * 18. * 

* MAX QUEUE TO LEFT CVEH) * 1. * 0. IE 12. * 1. IE 

* IE * * * * 

* ¾ STOPS TO THRU * 34. * 52. * 0. * 74. * 

* ¾ STOPS TO LEFT * 36. * 0. * 84. * 44. * 

* * * * * * 
IE EXCESS FUEL THRU (GAU IE 13. * 50. * 0. * 59. * 
* EXCESS FUEL LEFT CGAU * 2. * 0. * 43. * 2. * 
IE * * * * * IE LEFT TURN COHFL ICTS * 0. * 0. * 0. * 0. * 

* * * * * * 
IEl!IEIEl!IEIEl!Kl!IElll!llllllKKl!Klllll!lll!l!l!l!lll!lllll!lllEl!IEl!Klllllll!lllllll!IElllllllllllll!KllllllKlllllEllllllKlllllllllllllllllll!Kll 
IE IE IE l! ll ll ll 

IE SUMMARY * PH Ill GREEN * GREEN * * IE 
IE IE PH 2* * * * LEFT THRU * 
*SECONDS PER VEH 16. * PH 3* * * LEFT THRU * * 
IETOTAL VEH-HRS 84. * PH 4* * * * * 
IECRITICAL V/C 75. * PH 5* IE * * * 
*EXCESS FUELCGAL> 167. IE PH 6* IE IE IE * 
*TURN CONFLICTS O. * * * * * * 
IEIEl!IEIElllll!l!IElllll!IElllEIEl!IElllll!lllll!IElllllllllllllllllllllllllllEllllllllllllllllllKlll!IElll!l!IEIEIEl!IEIEIElllEIEIEIElllllEIEIEIElllElllEIE 

Figure 21. KJE Report Form SOAP 
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***************************** 
* * 

********************************************** 
* * * * * *'4 * * * * 

* * 3 * * * * * *** * 
* *** * * ** * * ***** * 
* * ***** * ****** * * * * 
* ** * * ** * * 6 * * * 
* ****** * ***** * * * **** ** * 
* ** * * *** * * ************ * ************ * 
* * * * 1 * * * 5 ** * 5 ** * 
* 2 * * * * * * * 
* * * * * * ***************************** ********************************************** 

OPPOSITE ROTATION EQUALLY ACCEPTABLE OPPOSITE ROTATION EQUALLY ACCEPTABLE 

Figure 22. SOAP Phasing Diagram Output 

Design Recommendations 

SOAP deve I ops recommended designs based on 
optimal flow as constrained by input para
meters. There are two types of outputs for 
recommended designs. 

1. Phasing Patterns. When protected left 
turns are specified tor one or rrore 
approaches, it is necessary to choose the 
optima I phase patterns from sever a I 
alternatives. SOAP determines the best 
two and three phase patterns for both the 
N-S and E-W directions. Each of the four 
possible phase combinations which may 
result from these choices is analyzed as 
a separate des! gn cont i guration so the 
user may compare the I-OE. A sample 
phasing diagram is shown in Figure 22. 
The phase sequence in each pattern Is 
indicated as either: 

a. 

b. 

User spec if i ed, 

Determined by analysis of progression 
characteristics, or 

c. Unimportant (i.e. opposite phase 
sequence equally acceptable). 

2. Timing Design. Each design configuration 
must be optimized in terms of cycle 
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length, splits and patterns before the 
MOE can be calculated. The result of the 
opt I mi zation process Is produced in a 
table such as Figure 23. For each analy
sis period, the table includes dial 
number, cycle length and splits. />bove 
the table Is general Information and con
trol strategy specifications. The 
"PATTERN" entr I es Indicate the poss I b I e 
sequences resulting from the choices 
available and are interpreted exactly as 
d I scussed in the previous Section. In 
this examp I e the patterns are: 

a. North-south thru and left movements, 

b. East thru and left movements, 

c. East and west thru movements, and 

d. West thru and left movements. 

The phasing diagram at the 
indicates the particular 
for this alternative (e.g. 
EW). 

top of the tab I e 
phase sequencing 
the NS, 1-.£, and 

When the control is actuated, an asterisk(*) 
will appear in the DIAL colurm and the cycle 
length and splits are average for each per
iod. The controller should be timed accord
ingly to be "wel I timed." 
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SIGNAL OPERATION FOR: ASHLEY DR. E KEHHEDY BLVD 

2 DIAL CONTROLLER• 

PHASING: 1 PHASE HS, 2 PHASE EW. PATTERN• A 

LOST TIME PER PHASE: 3.5, TOTAL LOST TIME• 

HS, WE EW. 

10 .5 

LEFT TURNS - HORTH: HOHE, SOUTH• NONE, EAST• REST, WEST: REST. 

************************************************************************ 
* * PATTERN PHASES * 
* MOVEMENTS ******************************************* 
* * PH 1 * PH 2 * PH 3 * PH 4 * PH 5 * PH 6 * 
************************************************************************ 
* * * * * * * * 
* NORTHBOUND THRU * xxxx * * * * * * 
* LEFT * xxxx * * * * * * 
* SOUTHBOUND THRU * xxxx * * * * * * 
* LEFT * xxxx * * * * * * 
* EASTBOUND THRU * * * xxxx * * * * 
* LEFT * * * xxxx * * * * 
* WESTBOUND THRU * * xxxx * * * * * 
* LEFT * * xxxx * * * * * 
* * * * * * * * 
************************************************************************ 
* TIME * * * PERCENT OF CYCLE TO EACH PHASE * 
***************DIAL* CYCLE******************************************* 
*FROM* TO * * * PH 1 * PH 2 *. PH 3 * PH 4 * PH 5 * PH 6 * 
************************************************************************ 
* 700 * 715 * 1 * 70.0 * 29.3 * 24.6 * 28.1 * 18.0 * 0.0 * 0.0 * 
* 715 * 730 * 1 * 70.0 * 29.3 * 24.6 * 28.2 "* 17.9 * 0.0 * 0.0 * 
* 730 * 745 * 1 * 70.0 * 30.1 * 25.3 * 28.9 * 15.8 * 0.0 * 0.0 * 
* 745 * 800 * 1 * 70.0 * 30.2 * 25.4 * 29.0 * 15.4 * 0.0 * 0.0 * 
* 800 * 815 * 1 * 70.0 * 30.3 * 25.5 * 29.1 * 15.1 * 0.0 * 0.0 * 
* 815 * 830 * 1 * 70.0 * 30.1 * 25.3 * 28.9 * 15.7 * 0.0 * 0.0 * 

* 1730 It 1745 It 2 * 90.0 * 31.6 * 25.9 * 28.8 * 13.7 * 0.0 * 0.0 * 
* 1745 * 1800 * 2 * 90.0 * 32.0 * 26.1 * 29.0 * 12.9 * 0.0 * 0.0 * 
************************************************************************ 

Figure 23. SOAP Timing Report 

TABLE NO. 22 
CRITICAL VC FOR EACH PHASE 

********************************************************************************* 
*CRITY *TIME* PHASE 1 * PHASE 2 * PHASE 3 * PHASE 4 * PHASE 5 * PHASE 6 * 
********************************************************************************* 
* 1 * 700 * 0.084 * 0.120 * 0.0 * 0.069 * 0.0 * 0.0 * 
* 2 * 715 * 0.142 * 0.211 * 0.022 * 0.114 * 0.0 * 0.0 * 
* 3 * 730 * 0.187 * 0.253 * 0.012 * 0.150 * 0.0 * 0.0 * 
* 4 * 745 * 0.314 * 0.236 * 0.090 * 0. 119 * 0.0 * 0.0 * 
* 5 * 800 * 0.234 * 0.247 * 0.078 * 0.147 * 0.0 * 0.0 * 
* 6 * 815 * 0.352 * 0.205 * 0.109 * 0.108 * 0.0 lE 0.0 * 

* 41 * 1700 * 0.288 * 0.228 * 0. 117 * 0. 117 * 0. 0 * 0. 0 * 
* 42 * 17 15 * 0.300 * 0. 2 17 * 0.090 * 0. 128 * 0. 0 * 0. 0 * 
* 43 * 1730 * 0. 188 * 0.259 * 0. 0 16 * 0. 153 * 0. 0 * 0. 0 * 
* 44 * 1745 * 0. 197 * 0. 241 * 0. 0 * 0. 139 * 0. 0 * 0. 0 * 
********************************************************************************* 

F igt.re 24. Typ i ca I SOAP Intermediate Report 
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Intermediate Calculations Reports either basic parameters (trucks and bus fac
tors, minimum green time, capacities, etc.) 
or operational measures (v/c ratios, degree 
of saturation, average delay by period, 
etc). Figure 24 I I lustrates one of these 
tab I es. 

Usually the M:>E table and recommendations 
wi 11 be sufficient tor the engineer's use. 
On the other hand, there may be a need to 
have more deta i I ed information as the 
analysis progresses. The TABLE and PLOT 
commands are instruction cards which 
enab I e the user to ca 11 tor outputs of 
many tables (or plots) which are maintained 
by SOAP. 

Plot options graphical iy portray a comparison 
of two different statistics. Presently, 
e I ght p I ots are ava 11 ab I e and show such com
par i sons as cycle length versus period, delay 
or volumes per period and excess fuel con
sumption by period. Figure 2 5 shows an 
example of one plot. 

Table options include printouts of forty-two 
different types of tables which indicate 

YCAP - SUM OF CRITICAL VC FOR ALL PHAS[S 

3. 0 0 +-----+-----+-----+-----+-----+-----+-----t-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
1 I I I I I I I I I I I I I I I I 

2.70 +-----+-----+-----+-----+-----+-----+-----t-----+-----+-----t-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 

2.40 +-----+-----+-----+-----+-----+-----+-----+-----t-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I 
2. I 0 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----

I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I 
I. 80 +-----+-----+-----+-----+-----+-··---+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----

I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I 
1. 50 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----

I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 

1. 20 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----i-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I 
0. 9 0 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----

I I I I I I I I I I I I I I I 
I Y Y I I I I I I I I I I IY I I 
I Y I IY I I I I I I Y I I Y YI I Y I I 

I I I Y YI YI IY I I I I Y YIY Y YIY I Y YI I I 
0. 6 0 +-----Y-----+-----+--Y--+--Y-Y+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----Y-Y---+----

I I I I IY I I I I I I I I IY I I I 
I YI I I I I YI I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 

0. 3 0 +-Y---+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 

-0.00 +-----+-----+-----+-----+-----+----Y+Y--Y-Y-Y-Y-Y-Y-Y-Y-Y-Y-+-----+-----+-----+-----+-----+-----+----

0. 0 3.0 6. 0 9.0 12.0 15.0 18.0 21.0 24.0 27.0 30.0 33.0 36.0 39.0 42.0 45.0 48.0 

PERIOD NUMBER 

Figure 25. Example SOAP Graphical Output 

47 



SOAP 

SYSTEI'. S U 1, !"1 A i'\ Y S ;1 E E T 

Jflr\Y F U [ L 

1 'J 7 . 0 

C O n r- ;\ R I 5 0 1; SYSTc~,s 

C.\S[ fXCESS fG~L 

I 2 7 . 14 2.) 7. 6 1 

Figure 26. SOAP Comparison Summary Reports 

Comparison Sunnarles 

SOAP may be used to examine several different 
control strategies at an intersection. E:.ach 
alternative may generate up to tour MJE 
tables depending on the choice of phasing 
patterns to handle left turns. To tac ii itate 
the comparison of these alternatives, the 
user may request a separate summary of MOE 1 s 
fol lowing a series of runs. Figure 26 i I lus
trates the comparison summary, which includes 
delay and excess fuel consumption. The 
columns labeled "#1" through 11 #4" represent 
the different phasing patterns which were 
examined. 

A second table gives the comparison of the 
"best" case designs. The output is obtained 
by including a COMPARE card in the input deck 
(after the last RUN card which is to be in
cluded). Cases can be labeled by including 
CASE card ( s) in the deck. 
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Diagnostic Messages 

SOAP contains an extensive library of mes
sages to int orm the user of ta ta I errors in 
the inputs; to alert the user to potential, 
but non-fatal, errors; and to advise the 
users of actions taken by SOAP, such as the 
use of default values in lieu of data which 
were not input. There are tour (4) I eve Is of 
messages, as fol I ows: 

1. 100 level - fatal messages which must be 
corrected before SOAP can execute. Exam
ples are unrecognizable card name or 
missing required cards or data, time per
iods out of range, inconsistency in pat
tern names and left-turn specifications 
and incorrect parameters, to name a few. 
There are a total of 32 errors at this 
level. 



2. 200 I eve I - warnings that the user rray 
wish to reconsider some aspect of his 
Inputs. 

3. 

Examples are that unrealistic queues oc
curred ( perhaps due to use of def au It 
headways), missing volumes (which SOAP 
had to estimate), unassigned analysis 
periods, etc. There ere 17 of these 
messages. 

300 I eve I - s I mp I y inform Ing the user 
that SOAP took some action as a result, 
usually, of omitted data cards. Examples 
are advisement that a particular default 
value was used, a particular movement was 
assl.llled not to exl st or that parameters 
tor a sate I I I te si gna I were assumed to be 
the same as the subject s I gna I • There 
are 19 of these messages. 

4. 400 level - these are high level messages 
that w i I I not genera I I y occur except when 
the user is h I gh I y prof i c i en t w I th SOAP 
and is getting into the program itself. 
To generate this level of messages, one 
must use the Progra1Ml8r 1 s Manual (Refer
ence 4.4) in lieu of the User's Manual 
(Reference 4.3). 

The placement of messages generally occurs in 
the input report at the location where SOAP 
had to make a decision, see Figure 20. 0,ce 
an input deck has been ed I ted and tested to 
the user's satisfaction, and the messages are 
no longer required, the NOWARN card may be 
placed in the next job to suppress printing 
of the messages Cat levels 200-400). Fatal 
error messages (level 100) are naturally 
always printed. 

ADDITIONAL FEATURES 

The SOAP opt ions are extensive in terms of 
the design, configuration and control strate
gies which can be analyzed or optimized. In 
a previous section al I the options were 
identified, but to summarize, the fol lowing 
options are available in SOAP (these are not 
mutually exclusive). 
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1. Analysis vs. design. 

2. Existing preset timing vs. optimization. 

3. Pretlmed vs. actuated. 

4. Protected vs. unprotected lett-tirns. 

5. Isolated runs vs. multiple runs with com
parison. 

6. 

7. 

8. 

9. 

Preset vs. opt Ima I phase sequencing. 

Preset vs. optimal dial assignments. 

Numerous 
options. 

Input data vs. 

Isolated vs. coordinated control. 

default 

10. Data check without execution. 

The coordinated control function, g, is 
based on the delay-difference in offset 
(Reference 4.8). It is not truly an 
Interconnected a- ter I a I design capab i I i ty, 
but only estirretes the effect of adjacent 
coordinated signals on the subject signal 
(i.e. platooned arrivals). Chapter 6 
dicusses PASSER II, (80), which is an 
arterial progression design model and Chapter 
9 discusses lRANSYT-7F, which is a system 
optimization model. It would seem logical 
to combine these to obtain total system 
optimization. Such a model package rray 
soon be ava i I ab I e from the FHWA, cal I ed 
the "Arterial Analysis Package," or the AflP. 
The A/lP is being developed tor FHWA by the 
University of Flor Ida Transportation Research 
Center and PRC-Voorhees. 

APPLICATlc»IS AN) LIMITATlc»IS 

As stated ear I i er, SOAP can be used to design 
and/or analyze any standard traffic control 
strategy tor either pretimed or actuated 
operations. As such, it is limited primarily 
in the same areas which the controller itself 
is limited. The analysis and optimization is 
clearly based on mathematical appr<»<imations 
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of the real world and therefore necessarily 
cannot take into account any extraordinary or 
erratic human behavior. 

SOAP cannot duplicate fully the logic of 
Intel I igent controllers with microprocessor 
"bra ins" which can be progra111T10d to be ex
treme I y responsive to traffic in real time. 
For instance, the combining of right turns 
with thru traffic In SOAP presents some prob
I ems with accurate estimation of capacity. 
This is not a severe I imitation, however, 
since the very function of these sophisticat
ed controllers is to optimize on a real time 
basis, but SOAP is a very powerful and 
realistic off-I ine design tool for the 
practicing signal design engineer. 

fXAMOLE APPLICATION 

To illustrate the capabilities and use of 
SOAP, an existing signalized intersection 
which is in operation in the downtown area of 
Tampa, Florida, was selected as an example 
application. The fol lowing describes the 
intersection location and the use of the SOAP 
model to evaluate existing signal operation. 

Problem Description 

An aer I a I photograph of the examp I e inter
sect ion is shown on Figure 27. This Inter
section, Ashley Drive and Kennedy Boulevard, 
is located at the southwest boundary of 
Tampa's CBD. Kennedy Boulevard is one of the 
major access routes into the CBD from the 
west wh I I e Ash I ey Drive Is the major access 
route from the Interstate Highway to the 
north connecting with the suburban areas. 

Kennedy Bou I evard enters the CBD from the 
west over the Hillsborough River and is a 
two-way tour-lane highway with a fifth left 
turn lane. However, beginning at Ashley 
Drive, Kennedy Bou I evar d is a one-way street 
serving only westbound traffic. Traffic 
approaching from the west wishing to continue 
east must turn right at Ashley Drive and make 
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a I eft turn on Jackson Street which is the 
eastbound one-way street pair with Kennedy 
Boulevard. 

Ash I ey Dr Ive is a two-way h I ghway with three 
lanes In each direction divided by a 30 foot 
landscaped median. Ashley Drive to the south 
of Jackson Street continues as a foc1r-lane 
undivided roadway. 

The intersection is presently control led by a 
t Ive phase, tul I-actuated controller. How
ever, at the present time it is under com
puter supervision with a background cycle. 
Pedestrian push buttons are provided with 
concurrent pedestr Ian timing. Thus it oper
ates as it it was pretimed. 

Even though the intersection is four-way, 
arterial movements are prohibited due to the 
one-way approach on Kennedy Bou I evard. Qi 

the north approach two through lanes are 
present with a separate lane for right turns 
while on the south approach two through lanes 
are ava I I ab I e w I th a separate I ane tor I ett 
turns. The west approach provides two I an es 
for I ett turn Ing veh i c I es and one I an e for 
right turns. Qi the one-way east approach 
two through lanes are provided with separate 
lanes tor both the left turns and the right 
turns. In Florida, right turns on red are 
permitted. 

This intersection hand I es the largest number 
of vehicles of al I intersections within the 
CBD. Although considerable study has gone 
into the present design, it is desired to 
determine If present signal phasing and tim
ing is at its optimum. 

Analysis of Existing Conditions 

The first step in the use of the SOAP model 
Is to code the input data for existing con
ditions and analyze the results of the SOAP 
output. The purpose of this is two-fold. 
One Is the need to obtain data on exist Ing 
conditions as a basis for evaluating alterna
tives. The second is to obtain model results 
in order to eva I uate the cred i bi I i ty of the 
results. 
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Figure 27. Intersection Configuration For Example Problem. 
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The min I mum data required to use SOAP are 
lane geometry and turning rrovements. In 
addition, Information on signal timing Is 
required to evaluate existing traffic opera
t Ions. Norma I I y these data are ava 11 ab I e In 
the maintaining agency's fl les. 

For this location a 111=20 1 Intersection plan 
was available showing existing geometric, 
pavement markings and signs. A signal oper
ating plan was also available as wel I as a 
current record of actual controller settings. 
Recent 15 minute turning movement counts for 
the period 7:00 AM to 11:00 AM and 2:00 PM to 
6:00 PM were also available. Figure 27 
ii lustrates the lane geometric and summarizes 
the pertinent operating conditions. 

In order to eva I uate the rrode I I s ab i I I ty to 
represent actual traffic operations It was 
decided to conduct limited field studies to 
determine If the rrodel shou Id be cal lbrated 
to ensure the cred i b 11 I ty of results. The 
two areas which most affect these results are 
headways and platoon concentration factors. 

An agency which makes frequent use of SOAP 
would, over a period of time, obtain average 
headway values for their community. However, 
in cases of unusual geometrics, or where a 
high number of left or right turns are made 
from the through lanes, special studies may 
be required. For thl s location 15 minute 
observations were made on each approach dur
I ng the AM and PM traffic period to determine 
average headways. 

Under norma I cond It ions the SOAP mode I 
assL111es Isolated signal operation and vehicle 
arrivals are assllll8d to be random. However, 
In this case the signal is part of a signal 
system and it would be expected that vehicles 
would arrive more uniformly. For this 
location the percent of vehicles crriving 
during the red interval on the east and south 
approach were obtained during a one-half hour 
period at mid-morning. In actual practice a 
separate study should have been done tor each 
d I a I. An est I mate was made for the north 
approach and random arrivals were assllll8d for 
the west approach si nee the si gna I to the 
west operates as an 1 sol ated actuated 
s lgnal. 
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Figure 28 shows the coded input data for 
ex I sting cond I tions under two cases. Case 
number 1 uses minimum Input data (traffic 
volumes, capacity, in terms of lanes, and 
existing signal operation). Case number 2 
modifies the default values tor headways and 
establ 1 shes platoon concentration factors for 
three approaches. A total of 51 I Ines of 
code are used with 32 of these I Ines for 
traffic rrovements. 

For the Case 1 (Min. Data) four intermediate 
tab I es and two p I ots were requested. The 
left turn card was used to specify that 
northbound left turns could be permissible, 
but that east and west bound left turns must 
be protected rrovements only. The control 
cards specify that Dial 1 operates from 7:00 
AM for 9 hours with a 70 second cycle and 
that Dial 2 operates from 4:00 PM (1600) for 
2 hours with a 90 second cycle. Turn Ing 
movements counts were coded by 15 minute 
periods from 7:00 to 11:00 AM and from 2:00 
PM to 6:00 PM. 

Capacity is coded In lanes. Notice that 
capacity Is coded tor two tirre periods in 
order to ref I ect the increase in capac I ty on 
two approaches (southbound thru and westbound 
thrul during the PM peak hour due to the dif
ference in right turns. Since a separate 
lane is reserved exclusively for right turns 
on these approaches, the capacity could have 
been reduced to two thru lanes and the r lght 
turn Ing traffic rerroved from the thru counts. 
However, one case (westbound right turn) re
quired more tirre than the thru lanes and it 
was necessary to ref I ect the need for th 1 s 
time. In the other case (southbound right 
turn) the right turn could ocaJr during an 
overlap period and the number of lanes have 
been increased to reflect the lesser time 
required to accommodate through traf fl c. t-b 

HEADWAY card was coded, therefore the capa
c I ty w I I I be based upon def au It va I ues. 

In order 1o reflect existing phasing and 
sp 11 ts, the ex I st Ing card was used to spec I fy 
for east dial the phase sequence ("A" for al I 
north and south movements at one time, "W" 
for westbound thr u and I eft at one t I me and 
"E" for eastbound thru and left at one tlrre) 
and their green times. Although the signal 
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Figure 28. Example SOAP Input Data For Existing Conditions. 
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controller operates as a semi-actuated signal 
with a background cycle, the splits were 
coded assuming each phase extended to its 
maximum extension, thus acting as a fixed 
ti me s I gna I • 

Notice that it was necessary to code the sig
nal operation as a three phase signal. In 
actual practice the minor rrovements on Phase 
A ( westbound I et t turns and eastbound r I gh t 
turns) delayed to provide additional pedes
trian clearance time tor the south approach. 
Phase C a I so cut short the same rrovement 
(right turns southbound and left turns north
bound) to prov I de addition a I pedestr I an 
clearance time. Both of these phases (A2 & 
C2) only operate when actuated by pedes
trians. Since the SOAP model does not evalu
ate pedestr Ian actuation, it is necessary to 
provide minimum pedestrian clearance that are 
tor A1 and Cl. 

In order to rrore accurately reflect actual 
conditions, a second case was coded. A 
HEADWAY card and PCF card were coded using 
data obtained from the field. Notice that it 
was not necessary to recode the previous 
cards. Since a BEGIN card was not placed 
after run 1 the computer reads in the HEADWAY 
card and the PCF card (wh I ch changes the 
default values used in Run 1 to those speci
fied) and again executes the run using al I 
the previous input data. In order to obtain 
a comparison of the results between Case 1 
and Case 2 a COMPARE card was inc I uded just 
prior to the END card. Figure 29 i I lustrates 
the output from this computer run, including 
both cases. 

Examination of the results of the output tor 
each case shows how the rrod It i cat ion of de
tau It headways and the use of PCF factors 
affect the vehicle operation on each ap
proach. This is best illustrated from a c~ 
parison of the ~E reports which reflect the 
changes that occur due to these rrod it I ca
t ions. 

The roost obvious change is in the percent of 
vehicles stopping north and southbound. In 

54 

Case 1, which assumed random arrivals, 77% of 
the northbound thru tratti c and 64% of the 
southbound thru tratti c stopped. Not very 
good when yoo consider that the system 
attempts to maximize progression along the 
north-south roote. However, Case 2, which 
adjusts vehicle arrivals from a random pat
tern to the observed pattern reduces the per
cent stops to 34% and 52% respectively. 
Notice tor eastboond traffic (left turn) the 
percent stops renained virtually the same, 
86% versus 84%. 

The change due to rroditication in headways is 
more difficult to see. However, one indica
tion is in the percent of saturation t low tor 
each approach. Since the green time is the 
same tor both cases the change in percent 
saturation flow is due solely to the change 
In the time required be1'ileen vehicles. For 
Instance, th Is was decreased for northbound 
thru from 2.2 seconds (default) to 1.9 and 
the percent saturation flow decreased from 
32% to 28%. a, the other hand, headways for 
westbound through was Increased from 2. 2 to 
2.5 seconds and the percent saturation flow 
increased from 61% to 69%. 

Based upon a compar I son of the resu Its, it 
appears that Case 2 cond I tlons rrore accurate
ly reflect exl sting operation. Therefore 
these conditions should be used In the evalu
ation of alternatives. If one wishes to 
further verify the reasonableness of results, 
additional field studies coold be conducted 
to obtain Information on vehicle hours of 
delay and percent vehicle stopping for each 
approach using techniques developed as part 
of a research project for FHWA (Ref. 4.10). 

Define and Analyze Alternatives 

Now that Input data required to obta In 
reasonable results has been identified It Is 
now possible to use SOAP to determine alter
nate signal timing schemes and assoc I ated 
measures of effectiveness. These alternate 
schemes can then be compared with existing 
signal timing to determine If an Improvement 
can be obtained. Figure 30 11 lustrates the 
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VERSION• 1.01 S O A P P R O G R A M RELEASE: I. 04 - APR 10, 1978 CMRU 

CARD I CARD FILE LIST UNIVERSITY OF FLORIDA 
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

1 BEGIN 
2 CASE 
3 TABLE 
4 PLOT 
5 PLOT 
6 LEFTURN 

1 
5 

0700 1800 15 

22 23 39 

7 CONTROL 9 0700 1 70 70 
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MMM 309 MMM ALL RED PERIOD ASSUMED NOT TO EXIST 
8 !CONTROL 2 1600 2 90 90 

MMM 309 MMM ALL RED PERIOD ASSUMED NOT TO EXIST 
9 VOLUME 15 0700 39 0 128 0 0 56 42 

10 VOLUME 15 0715 49 0 215 0 0 57 127 
11 VOLUME 15 0730 79 0 283 0 0 at 152 
12 VOLUME 15 0745 116 4 356 o o 101! 196 
13 VOLUME 15 0800 81 8 240 0 0 133 211 
14 VOLUME 15 0815 118 7 341 0 0 102 203 
15 VOLUME 15 0830 114 5 270 0 0 113 150 
16 VOLUME 15 0845 79 4 259 0 0 111 149 
17 VOLUME 15 0900 70 13 229 o o 98 188 
18 VOLUME 15 0915 67 4 195 0 0 103 157 
19 VOLUME 15 0930 47 7 157 0 0 108 203 
20 VOLUME 15 0945 73 6 196 0 0 89 137 
21 VOLUME 15 1000 70 10 166 0 0 101 162 
22 VOLUME 15 1015 46 8 151 0 0 97 177 
23 VOLUME 15 1030 68 12 144 0 0 109 202 
24 VOLUME 15 1045 50 6 142 0 0 . 80 119 
25 VOLUME 15 1400 77 7 208 0 0 49 90 
26 VOLUME 15 1415 68 8 260 0 O 149 198 
27 VOLUME 15 1430 52 12 195 0 0 95 141 
28 VOLUME 15 1445 88 3 178 0 0 119 145 
29 VOLUME 15 1500 89 9 222 0 0 114 165 
30 VOLUME 15 1515 83 8 211 0 0 107 156 
31 VOLUME 15 1530 93 8 183 0 O 142 201 
32 VOLUME 15 1545 80 10 225 0 0 108 189 
33 VOLUME 15 1600 102 14 224 0 0 136 216 
34 VOLUME 15 1615 98 7 154 0 0 120 180 
35 VOLUME 15 1630 91 8 250 0 0 140 192 
36 VOLUME 15 1645 100 8 253 0 0 141 197 
37 VOLUME 15 1700 158 10 278 0 0 168 244 
38 VOLUME 15 1715 127 10 286 0 0 127 227 
39 VOLUME 15 1730 96 5 224 0 0 109 176 
40 VOLUME 15 1745 89 7 213 0 0 79 116 
41 CAPACITY 9 0700 2.0 1.0 3.2 0 0 1.8 2.6 

MMM 305 *** NORTHBOUND THRU CAPACITY WILL BE ESTIMATED USING 
*** 305 *** NORTHBOUND LEFT CAPACITY WILL BE ESTIMATED USING 
*** 305 *** SOUTHBOUND THRU CAPACITY WILL BE ESTIMATED USING 
*** 304 *** SOUTHBOUND LEFT MOVEMENT ASSUMED NOT TO EXIST 
MMM 304 *** EASTBOUND THRU MOVEMENT ASSUMED NOT TO EXIST 

1 
9 
6 
3 
5 

15 
12 

6 
7 

10 
6 
8 
5 
6 
5 
5 
5 
7 
6 
5 

13 
5 
7 
5 

15 
4 

10 
11 
10 
14 
15 
I 0 

ASHLEY DR. E KENNEDY BLVD 
EXIST . OPERSCMIN.DATAJ 

A WE 

1 LANE EQUIV. 
DEPARTURE HEADWAYS 
DEPARTURE HEADWAYS 
DEPARTURE HEADWAYS 

*** 305 *** EASTBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 
*** 305 *** WESTBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 
*** 305 *** WESTBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 

42 !CAPACITY 2 1600 2.0 1,0 3,3 0 0 1.8 2.9 1 LANE EQUIV. 
*** 305 *** NORTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 
*** 305 *** NORTHBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 
MMM 305 MMM SOUTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 
MMM 304 MMM SOUTHBOUND LEFT MOVEMENT ASSUMED NOT TO EXIST 
MMM 304 MMM EASTBOUND THRU MOVEMENT ASSUMED NOT TO EXIST 
*** 305 MMM EASTBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 
MMM 305 MMM WESTBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 
MMM 305 MMM WESTBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS 

43 !EXISTING 9 0700 25 0 25 0 24 24 21 21A WE 
MMM 310 MMM NORTHBOUND LEFT BOUND GREEN TIME ASSUMED TO BE ZERO 
MMM 310 *** SOUTHBOUND LEFT BOUND GREEN TIME ASSUMED TO BE ZERO 

44 !EXISTING 2 1600 33 0 33 0 30 30 27 27A 
MMM 310 *** NORTHBOUND LEFT BOUND GREEN TIME ASSUMED TO BE ZERO 
MMM 310 *** SOUTHBOUND LEFT BOUND GREEN TIME ASSUMED TO BE ZERO 

45 IRUN 1 

WE 

Figure 29. Example SOAP Output For Existing Conditions. 
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SOAP 

ANALYSIS OF TRAFFIC SIGHAL OPERATION 

PROBLEM I 1 ASHLEY DR. E KEHHEDY BLVD RUN I 

NNN 212 MNN THE FOLLOWING MOVEMENTS WERE UNASSIGNED FOR THIS RUH: 

MOVEMEHT I 4 
MOVEMENT I 5 

SOUTHBOUND LEFT 
EASTBOUND THRU 

MMM 211 MMM THE FOLLOWING PERIODS WERE UNASSIGNED FOR THIS RUH: 

1100., 1115., 1130., 1145., 1200 .• 1215., 1230., 1245., 
1300., 1315., 1330., 1345., 

MMM 213 MMM THE FOLLOWING UNASSIGNED PERIODS HAD DIALS ASSIGNED TO THEM: 

1100., 1115., 1130., 1145., 1200 .• 1215., 1230., 1245., 
1300., 1315., 1330., 1345., 

1 PHASE HS 

PATTERH I 1 CA 

TABLE HO. 22 
CRITICAL VC FOR EACH PHASE 

VS 
2 PHASE EW 

PATTERH I 3 (WE ASHLEY DR. E KENNEDY BLVD 

MMNMMMMMMMMNKKKMNKKKMMKMKKMKKMMKMKKKKKMMMKMMKMMMMMKMMMMKMKMMKKMMKMKMKKMMMMMNMKMMM 
MCRITY M TIME M PHASE 1 K PHASE 2 M PHASE 3M PHASE 4 M PHASE 5 M PHASE 6 M 
MMMMMNNNMMMNMNNMMMMMMMMMMNNMMNMMNNNMNNMMNNMNMMMMMNMNMNNNNMMNNMMMNMNNMMMNMMMNMMMNM 
M 1 M 700 N 0.098 M 0.039 ll 0.086 M 0.0 ll 0.0 ll 0.0 M 
M 2 M 715 M 0.164 M 0.119 M 0.088 M 0.0 M 0.0 M 0.0 ·11 
N 3 M 7 3 0 ll 0 • 2 16 N 0 • 14 3 M 0 • 136 M 0 • 0 N 0 • 0 N 0 • 0 M 
M 4 N 745 M 0.351 M 0.184 M 0.167 M 0.0 M 0.0 M 0.0 M 
ll 5 M 800 ll 0.259 M 0.198 M 0.205 M 0.0 N 0.0 M 0.0 K 
M 6 N 815 M 0.387 ll 0.191 ll 0.157 N 0.0 ll 0.0 ll 0.0 M 
N 7 M 830 M 0.259 M 0.141 ll 0.174 M 0.0 M 0.0 ll 0.0 M 
M 8 N 845 M 0.239 N 0.140 M 0.171 N 0.0 M 0.0 M 0.0 M 
M 9 M 900 M 0.294 N 0.177 N 0.151 M 0.0 N 0.0 M 0.0 N 
N 1 0 M 9 15 ll 0 • 18 1 M 0 • 148 M 0 • 159 M 0 • 0 N 0 • 0 N 0 • 0 M 
M 11 M 930 N 0.165 M 0.191 M 0.167 M 0.0 M 0.0 M 0.0 M 
M 12 M 945 M 0.198 M 0.129 M 0.137 M 0.0 ll 0.0 M 0.0 N 
N 13 M 10 0 0 M 0. 194 N 0. 152 M 0. 156 N 0. 0 K 0. 0 ll 0. 0 M 
M 14 M 1015 ll 0.165 M 0.166 M 0.150 M 0.0 ll 0.0 M 0.0 M 
M 15 N 1030 M 0.1112 ll 0.190 N 0.168 M 0.0 ll 0.0 ll 0.0 M 
N 16 M 1045 ll 0.144 M 0.112 M 0.123 M 0.0 ll 0.0 M 0.0 M 
M 29 M 1400 N 0.219 M 0.085 ll 0.076 M 0.0 ll 0.0 ll 0.0 M 
M 30 M 1415 ll 0.280 M 0.186 M 0.230 M 0.0 M 0,0 M 0,0 M 
M 31 ll 1430 M 0.246 M 0.133 ll 0.147 M 0.0 M 0.0 ll 0.0 M 
N 32 M 144S M 0.158 N 0.136 M 0.184 N 0.0 ll 0.0 M 0.0 M 
M 33 M 1500 ll 0.250 M 0.155 M 0.176 M 0.0 M 0.0 M 0.0 M 
ll 34 M 1515 ll 0.230 M 0.147 ll 0.165 M 0.0 ll 0.0 M 0.0 M 
M 35 M 1530 N 0.199 M 0,189 M 0.219 ll 0.0 ll 0.0 ll 0.0 M 
ll 36 M 1545 ll 0.262 K 0.178 N 0.167 N 0.0 M 0.0 M 0.0 M 
M 37 M 1600 ll 0.292 ll 0.182 M 0.210 M 0.0 N 0.0 ll 0.0 M 
N 38 M 1615 N 0.158 N 0.152 M 0.185 M 0.0 M 0.0 M 0.0 M 
M 39 M 1630 ll 0.264 M 0.162 M 0.216 M 0.0 ll 0.0 ll 0.0 N 
M 40 M 1645 N 0.267 ll 0.166 N 0.218 M 0.0 ll 0.0 ll 0.0 M 
M 41 M 1700 ll 0.316 M 0.206 M 0.259 M 0,0 ll 0,0 ll 0.0 ll 
M 42 M 1715 ll 0.329 M 0.191 M 0.196 M 0.0 M 0.0 M 0,"0 M 
N 43 M 1730 M 0.211 N 0.148 M 0.168 M 0.0 M 0.Q M 0.0 M 
M 44 M 1745 ll 0,219 N 0.098 M 0.122 M 0.0 N 0.0 ll 0,0 M 
llllllllllllllllllllMMMMNMMMMMMMllllllllllllMllllllllllllllllllllllllllllllMMMllllMllllllllllllllllllllllllllllllllllllllllMMMMMMllllMllll 

TABLE HO. 23 

Figure 29 (Cont'd). Example SOAP Output For Existing Conditions. 
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R 
A 
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I 
0 
N 

SOAP 

************************** 
• YCAP • TIME • TOTAL • MMMMMMMMMMMMMMMMMMMMMMMMMM 

SUM OF CRITICAL VC FOR ALL PHASES • 1 • 700 • 0.224 • 
2 715 0.372 

3.00 

2.70 

2.40 

2. 10 

1.80 

1. 50 

1. 20 

0.90 

0.60 

0.30 

-o.oo 

• • • • • 3 • 730 • 0.495 • • 4 • 745 • 0.702 • • 5 • 800 • 0.663 • 
• 6 • 815 • 0. 736 • • 7 • 830 • 0.575 • • 8 • 845 • 0.550 • • 9 • 900 • 0.622 • • 10 • 915 • 0.488 • • 11 • 930 • 0.522 • • 12 • 945 • 0.464 • 
• 13 • 1000 • 0.502 • • 14 • 1015 • 0. 481 • • 15 • 1030 • 0.540 • • 16 • 1045 • 0.379 • • 29 • 1400 • 0.379 • • 30 • 1415 • O. 6 96 • • 3 t • 1430 • 0.525 • • 32 • 1445 • 0.478 • • 33 • 1500 • 0. 581 • • 34 • 1515 • 0.542 • • 35 • 1530 • 0.607 • • 36 • 1545 • 0.606 • • 37 • 16 00 • 0.684 • • 38 • 161S • 0.495 • • 39 • 1630 • 0.642 • • 40 • 1645 • 0 .651 • • 41 • 1700 • 0. 781 • • 42 • 1715 • 0. 716 • • 43 • 1730 • 0.527 • • 44 • 1745 • 0.438 • MMMMMMMMMMMMMMMNMMMMMMMMMM 

YCAP - SUM OF CRITICAL VC FOR ALL PHASES 

+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I -I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
!II I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
!II I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
!II I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I IY I I 
I IY Y I I I I I I I IY I I I I YI I 
I I Y I I I I I I I I I I I YI Y YI I I 
+-----+-----+--Y--+Y----+-----+-----+-----+-----+-----+-----+-----+--Y--+Y-Y--+-----+-----+-----+----
1 I I YI YI IY I I I I I YI YI I I Y I 
I Y I I Y IY Y YI I I I I I IY I IY I I I 
I I I I I I I I I I I I I I I IY I 
I YI I I I I YI I I I Y I I I I I I 
+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I Y I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
+-----+-----+-----+-----+-----+----Y+Y--Y-Y-Y-Y-Y-Y-Y-Y-Y-Y-+-----+-----+-----+-----+-----+-----+----

0. 0 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0 27.0 30.0 33.0 36.0 39.0 42.0 45.0 48.0 

PERIOD NUMBER 

Figure 29 (Cont'd). Example SOAP Output For Existing Conditions. 
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SOAP 

D 
E 
L 
A 
y 

( 

V 
E 
H 
I 
C 
L 
E 

H 
0 
u 
R 
s 
) 

MMMMMMMMMMMMMMMMMMMMMMMNNMNNN NNMNMNNNNMNNNMMMNMMMMNNNNNMNMNN 

• • • • • • • 4 • • • • • • • • 3 • • • • • •• 7 • ••• • • ... • • •• ll • JOOOOOUOOOOOf ll lOOOOf • 
ll ll ..... • •••••• • • •• NJOOf • • • • •• ll • "* • • ll • 8 • 6 ll ll • ll ~OOOOOE • UOOOf • • • ll • NNJOE •• • • •• • • • •• ll • N)OOfM • IOOOOOOOOOOOE • • • • • 1 • • • ••• • 5 •• • • 2 • • • • • • • • • • • • NMMNNNNNNMNNNNNMMMMMMNNNNNMNN NMNMMNNMNNMMMNNMNNNNNNNNMMNNMNM 

ROTATION BASED ON USER CHOICE ROTATION BASED ON USER CHOICE 

TABLE NO. 39 
TOTAL DELAY PER APPROACH (VEHICLE HOURS PER 15 MINUTE PERIOD> 

NNNMNNNM~NNNNNNNMMMNMNNNMNMMNNMNMNNNNMNNMNNNNNNMNNMNMNNNMMMNNNNMNMMNMNNMMNNNMNMMNMMMNNNNNNNNNNNNNNNNNNN 

• DEL • TIME • 1 - NBT • 2 - NBL • 3 - SBT • 4 - SBL • 5 - EBT • 6 - EBL • 7 - WBT • 8 - WBL • NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNN 

• 1 • 700 • 0. 180 • 0.0 • 0.630 • 0. 0 • 0. 0 • 0.291 • 0.226 • 0.005 • • 2 • 715 • 0.231 • 0. 0 • 1. 183 • 0.0 • 0. 0 • 0.297 • 0.787 • 0.048 • • 3 • 730 • 0.395 • 0. 0 • 1. 762 • 0. 0 • o.o • 0.507 • 0.995 • 0.032 • • 4 • 745 • 0. 631 • 0 .133 • 2.962 • 0. 0 • 0. 0 • 0.675 • 1.478 • 0.016 • ll 5 ll 800 • 0.406 • 0. 07 9 ll 1.37<t • 0. 0 • 0. 0 • 0.956 • 1. 718 • 0.026 • • 6 • 815 • 0.645 • 0.233 • 2.578 • 0. 0 • 0. 0 • 0.621 • 1.582 • 0.084 • • 7 • 830 ll 0.617 • 0. 047 • 1.634 • 0.0 • 0. 0 ll 0. 723 • 0.978 ll 0.066 ll 

• 8 • 845 ll 0.395 • 0.032 • 1.534 ll 0. 0 ll 0. 0 ll 0.704 • 0.969 • 0.032 • • 9 • 90 0 • 0.343 •· 0.178 • 1.287 • 0 .. 0 • 0. 0 • 0.587 • 1.372 • 0.037 • • 10 • 915 • 0.327 ll 0.025 • 1.042 • 0. 0 • o.o • 0.630 • 1.041 • 0.054 • • 11 • 93 0 • 0. 221 • 0. 041 • 0.799 • 0.0 • 0. 0 • 0.675 • 1.582 • 0.032 • • 12 • 945 • 0.360 • 0. 041 • 1. 049 • 0. 0 • o.o • 0.515 • 0.867 • 0.043 • • 13 • 1000 • 0.343 • 0.067 • 0.854 • 0. 0 • 0. 0 • 0.612 • 1.089 • 0.026 • ll 14 ll 1015 • 0.215 • 0.047 • 0.763 • 0. 0 ll 0. 0 • 0.579 • 1.243 • 0.032 • • 15 • 1030 • 0.332 • 0.076 • 0. 721 • 0. 0 • 0. 0 • 0.685 • 1. 566 • 0.026 • • 16 • 1045 ll 0.236 • 0.033 ll 0.710 • 0.0 ll 0. 0 ll 0.448 • 0. 726 • 0.026 ll 
II 29 • 1400 • 0. 383 ll 0.053 ll 1. 132 • 0.0 • o.o • 0.250 • 0.521 • 0.026 • • 30 ll 1415 • 0.332 • 0.094 • 1. 543 ll 0. 0 • 0. 0 II 1.227 • 1.506 • 0. 0 37 • • 31 • 1HO • 0.246 ll 0. 10 9 • 1.042 • 0. 0 ll 0.0 • 0.562 • 0.900 • 0.032 • • 32 • 1445 • 0.448 • 0.017 • 0.930 ll 0. 0 ll 0. 0 • 0.786 • 0.934 • 0.026 • 
" 33 • 1500 • 0.454 " 0.084 " 1.234 • 0. 0 • 0. 0 • 0. 733 • 1. 118 ll 0.072 • 
" 34 • 1515 • 0.418 • 0.065 • 1. 154 • 0. 0 • 0. 0 • 0.666 • 1.032 • 0.026 • ll 35 • 1530 • 0. 479 • 0.055 • 0. 962 • 0. 0 • 0.0 • 1. 094 • 1.551 • 0.037 • • 36 • 1545 • 0.400 • 0. 102 • 1.257 • 0. 0 • 0. 0 • 0.675 • 1.385 • 0.026 • 
" 37 • 1600 • 0.646 • 0. 211 • 1.485 " 0. 0 ll 0. 0 • 1.227 ll 1.900 • 0. I 05 • • 38 • 1615 • 0. 6 16 • 0. 051 • 0.944 • 0. 0 • 0.0 • 0.994 • 1. 466 • 0.026 • • 39 • 1630 • 0.564 • 0.096 • 1. 714 • 0. 0 • 0. 0 • 1 .297 • 1. 600 • 0.068 • • 40 • 1645 • 0.631 • 0.098 • 1. 742 • 0. 0 ll 0. 0 • 1. 315 • 1.659 • 0.075 • • 41 • 17 00 • 1. 141 • 0. 19 9 • 1. 984 • 0. 0 • o.o • 2.138 • 2.343 • 0.068 • 
" 42 • 1715 ll 0.848 • 0. 243 • 2. 067 • 0. 0 • 0. 0 • 1. 089 • 2.058 • 0. 097 • • 43 • 1730 • 0. 60 1 • 0.044 • 1.485 • 0. 0 • 0. 0 • 0.861 • I .423 • 0. 105 • • 44 • 1745 N 0.549 • 0.065 • 1,394 • 0. 0 • 0. 0 • 0.563 • 0.856 • 0.068 • NNNNNNNNNNNNNNNNNNNNNNNNNNMMMMMMMMMMMMNMMNMMMMMMMMMMNMNMMNMNNNMMMMNMNNNNNNMMNNMNMNNNNMNNNMNNNNNNNNNMMMN 

TOTAL INTERSECTION DELAY BY PERIOD 

25.00 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 

22.50 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I ITT 

I I I I I I I I I I I I I i ID i i 
7.50 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----

I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I IDI I 
I ID I I I I I I I I I I I I I I I 
I I D I I I I I I I I I I DI D DI I I 

5.00 +-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+-----+----
I I DI I I I I I I I ID I I I I D I 
I I I D ID I I I I I I I I ID D ID I I I 
I D I DI DI ID I I I I I I D DI I I I D I 
I I I I D ID D DI I I I I I DID I I I I I 

2.50 +---D-+-----+-----+-----+-----+-----+-----+-----+-----+-----D-----+-----+-----+-----+-----+-----+----
I I I I I IDI I I I I I I I I I I 
ID I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 

0.0 +-----+-----+-----+-----+-----+----D+D--D-D-D-D-D-D-D-D-D-D-+-----+-----+-----+-----+-----+-----+----

0. 0 3.0 6. 0 9.0 12.0 15.0 18.0 21.0 24.0 27.0 30.0 33.0 36.0 39.0 42.0 45.0 48.0 

PERIOD NUMBER 

Figure 29 (Cont'd). Example SOAP Output For Existing Conditions. 
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TABLE HO. 44 
CALCULATED PROPORTION OF VEHICLES STOPED 

M*MNMMMNMNMMMNNMNNNNNMMMNNNMNNNMNNNNNNNMNNNNNNNNNNNNNNNNMNNMNMMNNNMNNMNMNNNNNNNNMNNNMNNNMMNNNMNNNNNNNNM 
• STOP • TIME • 1 - NBT • 2 - HBL • 3 - SBT * 4 - SBL • 5 - EBT • 6 - EBL • 7 - WBT • 8 • - WBL 
MMNNNNNNNNNNNNMMMNNMNNMNMMNNMMNNMNMMNNMNMMNNNNMMMMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNMNMNMNNNNNMMNNNNM 
• 1 • 700 • 0. 728 • 0. 726 • 0.768 • 0.0 .. o.o • 0. 774 • 0.781 • 0.752 • " 2 • 715 • 0.737 • 0.782 .. 0.829 " 0. 0 .. 0. 0 " 0. 775 • 0.852 ll 0.769 " • 3 • 730 • 0.767 • 0.827 • 0.884 • 0. 0 • 0. 0 • 0.818 • 0.875 • 0. 763 • • 4 " 745 " 0.807 " 0.949 " 0.952 " 0.0 " 0. 0 • 0.849 • 0.919 • 0.756 • • 5 • 800 • 0.769 • 0.864 • 0.848 • 0. 0 • 0. 0 • 0.890 • 0.936 • 0.761 • • 6 • 815 • 0.810 • 0.990 • 0.937 • 0.0 • 0. 0 • 0.839 • 0.927 • 0,783 • • 7 • 830 • 0.805 • 0.864 • 0.873 • 0. 0 • 0.0 • 0.857 • 0.873 • 0, 776 • • 8 • 845 • 0.767 • 0.845 .. 0.864 • 0. 0 • 0. 0 • 0.853 • 0.872 • 0.763 • • 9 • 900 • 0.758 • 0 .898 • 0.840 • 0. 0 • 0. 0 • 0.833 • 0. 911 • 0. 765 • • 10 • 915 • 0.755 • 0.795 • 0.814 • 0. 0 • 0.0 • 0.841 • 0.880 • 0. 771 • • 11 • 930 • 0.735 • 0.780 • 0.787 • 0. 0 • 0. 0 • 0.849 • 0.927 • 0.763 • • 12 • 945 • 0.761 • 0 .809 • 0.815 • 0. 0 • 0. 0 • 0.820 • 0 .861 • 0.767 ... • 13 • 1000 • 0.758 • 0.805 • 0.793 • 0. 0 • 0. 0 • 0.838 • 0.885 • 0.761 • • 14 • 10 15 • o. 734 • 0.779 • 0. 783 • 0. 0 • 0. 0 • 0.832 ll 0.900 • 0.763 • • 15 • 1030 • 0.756 • 0.793 • 0. 778 • o.o • o.o ll 0.850 ll 0.926 • 0.761 • • 16 • 1045 • 0.738 • 0.762 • o. 777 • 0. 0 • 0. 0 • 0.807 • 0.844 • 0.761 • • 29 • 1400 • 0.765 • 0.827 • 0.824 • 0. 0 • 0. 0 • 0.765 • 0.819 • 0. 761 • • 30 • 1415 • 0.756 • 0.884 • 0.865 • 0. 0 • 0. 0 • 0.918 • 0.922 • 0.765 • • 31 • 1430 • 0.740 • 0.852 • 0.814 • 0.0 • 0. 0 • 0.829 • 0.865 • 0.763 • • 32 • 1445 • 0.776 • 0. 775 • 0.802 • 0. 0 • 0. 0 • 0.866 • 0.868 • 0.761 • • 33 • 1500 • 0.777 • 0.856 • 0.834 • 0. 0 • 0. 0 • 0.858 • 0.888 • o. 778 • • 34 • 1515 • o. 771 • 0.838 • 0 .826 • 0.0 • 0. 0 • 0.847 • 0.879 • 0. 761 • • 35 • 1530 • 0.782 • 0.810 • 0.805 • 0. 0 • 0. 0 • 0.906 • 0.925 • 0.765 • • 36 • 1545 • 0.768 • 0.867 • 0 .837 • 0.0 • 0. 0 • 0.849 • 0.912 • 0.761 • • 37 " 16 00 • 0.768 • 0.892 • 0.806 • 0. 0 • 0. 0 • 0.893 • 0.903 • 0.771 • • 38 • 1615 • 0.764 • 0.768 • 0.759 • 0. 0 • 0. 0 • 0.866 • 0.871 • 0.747 • • 39 • 1630 • 0.756 • 0.865 • 0.825 • 0. 0 • 0.0 • 0. 900 • 0.882 • 0.760 • • 40 • 1645 • 0.766 • 0.868 • 0.827 • 0. 0 • 0. 0 • 0,902 • 0.886 • 0.762 • • 41 • 1700 • 0.833 • 0.916 • 0.847 • 0. 0 • 0. 0 • 0. 952 ll 0. 930 • 0.760 • • 42 • 1715 • 0. 7 96 • 0.929 • 0.853 • 0. 0 • 0. 0 • 0.878 • 0.914 • 0.769 • • 43 • 1730 • 0.762 • 0.817 • 0.806 • 0.0 • 0. 0 • 0.848 • 0.868 • 0. 771 • • 44 • 1745 • 0.754 M 0.823 • 0.798 ll 0. 0 • 0. 0 • 0.804 • 0.819 • • 0.760 
NNNNNNNNNMMMNNMNNNNMNNNNNMNNNNNMNNNNNNNMMMMNMNNMNNMNNNNNMNNMNNNNMMNNNMNMMMMNNNMMMMNMNNNMMNNMMNNMNNMNNNN 

SIGNAL OPERATION FOR• ASHLEY DR. E KENNEDY BLVD 

2 DIAL CONTROLLER• 

PHASING• 1 PHASE HS, 2 PHASE EW. PATTERN• A HS, WE EW. 

LOST TIME PER PHASE• 3.5. TOTAL LOST TIME: 10.5 

LEFT TURNS - HORTH• NOHE, SOUTH• NOHE, EAST• REST, WEST• REST. 

MNNNNMNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
• .. PATTERN PHASES • 
• MOVEMENTS .. •••••••••••••••••••••••••••••••• .... •• .. ••••• 
• • PH 1 .. PH 2 .. PH 3 • PH 4 • PH 5 .. PH 6 .. 
NNMNNNNNNNNNNNNNNNNNNNNNNMMMMMMMMMMMMNMMMNNMMNNNNNNNNNNNNNNMNNNNMMMNMMNM 
M MM MN NM M 
.. NORTHBOUND THRU II XXXX.. .. • • • • 
M LEFT II XXXX M M ll ll M ll 
• SOUTHBOUND THRU II XXXX • • .. .. .. • 
M LEFT M XXXX M • • M • 11 
11 EASTBOUND THRU M .. • XXXX • • • • 
M LEFT 11 .. M XXXX • • • M 
• WESTBOUND THRU .. .. XXXX • • • • .. 
• LEFT II M XXXX • M • • M 
M MN MN MM N 
MM~NNMMNMMMMMMMMNMMNNMMNMMNNNNNMMMMMMMMMNNMMMMNMMMMNMMNMMMMNNNMNMNNNMMNM 
• TIME .. • 11 PERCENT OF CYCLE TO EACH PHASE • 
MMNMMMMMMMMMMMN DIAL N CYCLE MMMNMMMMMNMNMMMNMMMNNNNMNNNNNMMMNMMMNMMNMNN 
•FROM• TO M • .. PH 1 • PH 2 • PH 3 • PH 4 • PH 5 • PH 6 .. 
NMMMMMMMNMMNNNMMMMMMMMMNMMMNMMMMMNMNMMMMMMMNNMMNNMMNMNMNNMNNMNNMMMNMNMMN 
• 700 • 715 M 1 M 70.0 II 35.7 .. 30.0 M 34.3 M 0.0 • 0.0 • 0.0 • 
.. 715 M 730.. 1 • 70.0 II 35.7 M 30.0 • 34.3 .. 0.0 .. 0.0 M 0.0 M 
• 730 M 745 M 1 M 70.0 M 35.7 • 30.0 M 34.3 M 0.0 M 0.0 • 0.0 .. 
M 745 • 800 M 1 • 70.0 M 35.7 • 30.0 • 34.3 • 0.0 • o.o • 0.0 • 
.. 800 • 815 • 1 • 70.0 M 35.7 .. 30.0 • 34.3 • 0.0 • 0.0 • 0.0 .. 
• 815 .. 830 • 1 • 70.0 • 35.7 • 30.0 • 34.3 • 0.0 .. 0.0 • 0.0 • 
M 830 M 845.. 1 • 70.0 • 35.7 M 30.0 • 34.3 • 0.0 M 0.0 • 0.0 .. 
• 845 .. 900 M 1 • 10;0 M 35.7 • 30.0 • 34.3 • 0.0 • 0.0 • o.o .. 
.. 900 .. 915 M 1 • 70.0 II 35.7 M 30.0 .. 34.3 • 0.0 M 0.0 .. 0.0 • 
.. 915 • 930 • 1 .. 70.0 M 35.7 • 30.0 • 34.3 • 0.0 .. o.o • 0.0 M 
.. 930 • 945 • 1 .. 70.0 • 35.7 • 30.0 • 34.3 • 0.0 • 0.0 • 0.0 .. 
• 945 • 1000 • 1 • 70.0 • 35.7 • 30.0 • 34.3 • 0.0 .. 0.0 • 0.0 • 
w tnnn ~ tnt~ ¥ 1 • 7n n w ,~ 7 • ,n n • ,4, v n n M n n N n.o M 

.. 1545 • 16 00 • 1 • ,u.u • j~., • jU,U • j~.j • u.u • u.u • u. u . • 16 00 • 1615 • 2 .. 90.0 ll 36.7 .. 30.0 • 33.3 • 0. 0 • 0. 0 • 0. 0 • • 1615 .. 1630 • 2 .. 90.0 ll 36.7 • 30.0 • 33.3 .. 0. 0 .. 0. 0 .. 0. 0 • • 1630 • 1645 • 2 • 90.0 ll 36.7 • 30.0 • 33.3 M 0. 0 • o.o • 0.0 • • 1645 II 1700 • 2 • 90.0 ll 36.7 • 30.0 • 33.3 • 0. 0 • 0. 0 .. 0. 0 .. 
• 1700 II 1715 .. 2 II 90.0 .. 36.7 • 30. 0 .. 33,3 .. 0. 0 II 0.0 • 0.0 .. 
• 1715 M 17 30 • 2 • 90.0 .. 36.7 .. 30.0 • 33.3 • 0.0 • 0.0 • 0. 0 • • 1730 .. 1745 .. 2 • 90.0 • 36.7 • 30.0 .. 33.3 • 0. 0 • 0. 0 • 0. 0 .. • 1745 • 1800 • 2 .. 90.0 If 36.7 If 30.0 .. 33.3 • 0. 0 .. 0. 0 If o.o 'If 
NNNMMNNNNMNMMNMNNNMMMNNNNNNNNNNNNNNNNNNNNMNNMMNNNMMNNMMNNMMNNMNNNMNNNMNM 

Figure 29 (Cont'd>. Example SOAP Output For Exl sting 
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SOAP 

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD 

2 DIAL CONTROLLER: 

ANALYSIS PERIOD: 700. TO 1800. PHASING: PHASE NS, 

LEFT TURNS - NORTH: NONE, SOUTH: NOHE, EAST: REST, WEST: REST. 

NORTH SOUTH EAST 

2 PHASE EW. 

WEST 
IIIIIIIIIIIIIIIIMMMIIMIIIIMMMMIIIIIIMIIIIMMMIIIIIIMMMMMIIMIIMMMIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIMIIIIIIMIIIIIIMMMMMIIMII 
M II II II II II 
M DELAY TO THRU CVEH-HRS) II 15. M 43. M 0. M 40. M 
II DELAY TO LEFT (YEH-HRS) M 3. M 0. II 25. II 1. II 
M II II M II M 
M ¾ SATURATION THRU M 32. M 53. II 0. II 61. II 
M ¾ SATURATION LEFT II 32. II 0. M 57. II 9. II 
II M M II II II 
II MAX QUEUE TO THRU CVEH) M 11. II 19. II 0. II 18. II 
M MAX QUEUE TO LEFT CVEH> II 1. II 0. II 12. II 1. II 
II II II II II M 
M "STOPS TO THRU II 77. II 84. II 0. II 89. II 
II X STOPS TO LEFT II 85. II 0. II 86. II 77. II 
II II II II II II 
M EXCESS FUEL THRU <GAL) II 29. II 85. II 0. II 73. II 
II EXCESS FUEL LEFT <GAL) II 4. II 0. II 45. II 3. II 
II II II II II II 
II LEFT TURN CONFLICTS II 0. II 0. II 0. II 0. II 
II II II II II II 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIM 
II II II II II II II 
II SUMMARY II PH 111 GREEN II GREEN II II II 
II II PH 211 II II II LEFT THRU II 
MSECONDS PER YEH 24. II PH 311 II II LEFT THRU II II 
IITGTAl V-EH-HRS t27. II PH 41t II II II II 
MCRITICAL V/C 78. II PH 511 II II II II 
MEXCESS FUELCGAL) 238. II PH 611 II II II II 
IITURN CONFLICTS o. II II II II II II 
IIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIII 

VERSION: 1. 0 1 S O A P P R O G R A M 

CARD I CARD FILE LIST 
MIIIIIIIIIIIIMIIMIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIMMMMIIIIMIIMIIMIIIIIIIIIIIIIIIIIIIIIIMII 

46 )CASE 2 EXIST. OPERS.CACT.HDWY) 
47 !HEADWAY 3.5 1.9 2.5 1.9 0 0 2-.2 2,5 2.5 FIELD MEASUREMENTS 

111111 302 111111 DEFAULT VALUE USED FOR SOUTHBOUND LEFT HEADWAY 
111111 302 111111 DEFAULT VALUE USED FOR EASTBOUND THRU HEADWAY 

48 IPCF 11 0700 .265 .265 .350 .417 .417 PCF 
111111 311 111111 PCF VALUE HOT SPECIFIED FOR SOUTHBOUND LEFT ISOLATED 
111111 311 111111 PCF VALUE NOT SPECIFIED FOR EASTBOUND THRU ISOLATED 
111111 311 111111 PCF VALUE NOT SPECIFIED FOR EASTBOUND LEFT ISOLATED 

49 !RUN 2 

FOR SB ESTIMATED 
OPERATION ASSUMED. 
OPERATION ASSUMED. 
OPERATION ASSUMED. 

ANALYSIS OF TRAFFIC SIGNAL OPERATION 

PROBLEM I 1 ASHLEY DR. E KENNEDY BLVD RUH I 2 

111111 212 111111 THE FOLLOWING MOVEMENTS WERE UNASSIGNED FOR THIS RUH: 

MOVEMENT I 4 
MOVEMENT I 5 

SOUTHBOUND LEFT 
EASTBOUND THRU 

111111 211 111111 THE FOLLOWING PERIODS·WERE UNASSIGNED FOR THIS RUH: 

1100., 1115., 1130., 1145., 1200., 1215., 1230., 1245., 
1300., 1315., 1330., 1345., 

Figure 29 (Cont'd). Example SOAP Output For Existing Conditions. 
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Table No. 22 
CRITICAL VC FOR EACH PHASE 

TABLE NO. 23 
SUM OF CRITICAL VC FOR ALL PHASES 

YCAF - SLM OF CRITICAL VC FOR ALL PHASES 

TABLE NO. 39 
TOTAL DELAY PER APPROACH (VEHICLE HOURS PER 15 MINUTE PERIOD) 

TOTAL INTERSECTION DELAY BY PERIOO 

Tables & Plots Omitted for case 2 
SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD 
2 DIAL CONTROLLER: 
PHASING: 1 PHASE HS, 2 PHASE EW. PATTERN: A HS, WE 
LOST TIME PER PHASE: 3.5, TOTAL LOST TIME: 10.5 

EW. 

LEFT TURNS - NORTH: HONE, SOUTH: NOHE, EAST: REST, WEST: REST. 

************************************************************************ * * PA TTERH PHASES * 
* MOVEMENTS ******************************************* 
* * PH 1 * PH 2 * PH 3 * PH 4 * PH 5 * PH 6 * 
************************************************************************ 
* * * * * * * * * NORTHBOUND THRU * XXXX * * * * * * 
* LEFT * XXXX * * * * * * 
* SOUTHBOUND THRU * XXXX * * * * * * 
* LEFT * XXXX * * * * * * 
* EASTBOUND THRU * * * XXXX * * * * 
* LEFT * * * XXXX * * * * 
* WESTBOUND THRU * * XXXX * * * * * 
* LEFT * * XXXX * * * * * 
* * * * * * * * 
************************************************************************ * TIME * * * PERCENT OF CYCLE TO EACH PHASE * 
***************DIAL* CYCLE******************************************* *FROM* TO * * * PH 1 * PH 2 * PH 3 * PH 4 * PH 5 * PH 6 * 
************************************************************************ 
* 700 * 715 * 1 * 70.0 * 35.7 * 30.0 * 34.3 * 0.0 * o.o * 0.0 * 
* 715 * 730 * 1 * 70.0 * 35.7 * 30.0 * 34.3 * 0.0 * 0.0 * 0.0 * 
* 730 * 745 * 1 * 70.0 * 35.7 * 30.0 * 34.3 * 0.0 * 0.0 * 0.0 * 
* 745 * 800 * 1 * 70-.0 * 35.7 * 30.0 * 34.3 * 0,0 * 0.0 * O~O Ji 
* 800 * 815 * 1 * 70.0 * 35.7 * 30.0 * 34.3 * o.o * o.o * 0.0 * 

* 1730 * 1745 * 2 * 90.0 * 36.7 * 30.0 * 33.3 * 0.0 * o.o * 0.0 M 
* 1745 * 1800 * 2 * 90.0 * 36.7 * 30.0 * 33.3 * o.o * 0.0 * o.o * 
************************************************************************ 

Figure 29 (Cont1 d). Example SOAP Output For Existing Conditions. 
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)1()1()1()1()1()1()1()1()1()1()1()1()1( )1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1( 
)I( )I( )I( )I( )I( 

)I( )I( )I( w 3 )I( )I( ::::, )I( 

)I( )1()1()1( )I( <.> w )I( )I( °' )I( 

)I( )1()1()1()1()1( )I( t-4 )I( -.- °' °' oo- ,.:r,.:r 0-N C> )I( X: )I( 

)I( )I( )I( 0 w 1-)1( ,.., ,0 ... r---:r an )I( I- )I( 

)I( )I( )I( X: cl) c/))1( )I( )I( 

)I( )I( )I( )I( <.> < WlK )I( I- )I( 

)I( )1()1( )I( )I( X: 3lK )I( u.. )I( 

)I( )1()1()1()1()1( )I( )I( °' D.. )I( )I( w )I( 

)I( )1()1( )1()1( )I( w )I( )I( ..J )I( 

)I( )I( )I( )I( )I( cl) N )I( )I( )I( 

)I( ,O)l()l(an )I( ::::, )1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1( . 
)I( )1()1( )I( )I( )I( )I( 11'1 
)I( )I( % I- )I( )I( ::::, )I( C: 
)I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( 0 ' cl) )I(. )I( °' )I( 0 
)I( )I( cl) w )I( C>,.., C>C> o N o.,r C>,.., C> )I( X: )I( 

)I( )I( )I( )I( Q % °' 1-)1( N an - 10 ,.:r )I( I- )I( +-
)I( ..... )I( )I( 00 )I( w cl) )I( )I( )I( -
)I( )I( )I( )I(' )I( cl) IIJ <lK )I( I- )I( -0 
)I( )1()1( )1()1( )I( < Cl'I I- w )I( )I( u.. )I( C: 

0 
)I( )I( )I( )I( )I( )I( )I( )I( ca < cl) )I( )I( w )I( c.., 
)I( )I( )1()1( )I( X: w )I( )I( ..J )I( 

)I( )I( )I( )I( % D.. 3 )I( )I( )I( Ol 
)I( )I( )I( 0 )1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1( C: 
)I( )I( )I( t-4 - )I( )I( )I( -
)I( )I( )I( )I( )I( )I( )I( I- ' )I( )I( )I( +-
)I( )I( )I( )I( )I( < I- )I( . )I( )I( 11'1 

)I( )I( )I( I- cl) :c )I( NO ,OC> 0-0 Ne> OC> C> )I( :z: )I( ·-
)I( )I( 0 w t- )I( N ,.:r ... an an )I( w )I( ~ 
)I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( °' C> °' ::))I( )I( w )I( 

Q :z: 0)1( )I( °' )I( L. 
> t-4 cl) )I( )I( (!) )I( 0 
..J cl) I- )I( )I( )I( LL. 
ca < cl) )I( )I( )I( 

+-X: <C )I( )I( )I( 

>- D.. w )1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1( 
::, 
a. 

Q )I( )I( )I( +-w )I( )I( )I( ::, 
% ' )I( )I( )I( 0 
% w :ClK ,o- ooa- ...... ,.:r,o ,..,N C> )I( :z: )I( N 
w % I- )I( NN - ,..,,.., - )I( w )I( ~ IO 
~ 0 °' )I( )I( w )I( 

:z: 0)1( )I( °' )I( 0 
w %)1( )I( C> )I( en 

)I( )I( )I( (I) 
X: )I( )I( )I( 

°' I- )I( )I( )I( a. 
Q C> ::::, )1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1()1( e 

C> 0 )I( )I( ... N,..,-:ran,o )I( tO 

>- 10 cl) )I( ,...,... ,...,... )I( )I( ~ w ... )I( cl) Ul X: :c ,...,... )I( X: :c :c X: X: X: )I( 

)I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( w ..J )I( °' °' WW ..J ..J )I( a..a..a..D..a..a.. )I( 

)I( )I( (J (I) X: 0 )I( X: :c >> <C<C )I( )I( • )I( )I( )I( t-4 11'1 cl) I- w )I( I I ...,,..., (!)(!) cl) )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( ~ 

)I( )I( )I( )I( )I( 0 8 < :z: )I( X: :c ...,..., I- )I( )I( -0 
)I( )I( )I( )I( )I( )I( )I( :c 0 )I( WW ::::, I- ::::, I- (J )I( •)I( +-)I( )I( )I( (J 11'1 C> :z: )I( >> °' u.. °' u.. ::::, I- ... )I( -o-:ranr--olK 
)I( ,.:r )I( )I( tO °' C> )I( ...,...,, x:w :cw ::>I- a: u.. ..J )I( 

... 00 ""'° )I( C: 

)I( )I( )I( °' C ..... )I( I- ..J I- ..J a: u. x:w u. )I( - * 0 
)I( )1()1()1( )I( w 

21 u. :c * ::::, I- x:w I- ..J z )I( )I( ~ 
)I( )I( * Cl'I °' I- )I( a: u. :Z:% 00 I- ..J 0 * )I( 

)I( )I( )I( * ::::, tO % w °' )I( x:w 00 ...... ..J ..J (J )I( ,... )I( °' )I( )I( )I( )I( )I( )I( )I( ll( )I( en 0 ..J Q 0 )I( I- ..J ...... 00 WW ll( :c ..J )I( N 
ll( )I( )I( )I( % ... ..J 0 % )I( ...... WW ...... ::, ::, :z: )I( w < cl) )I( 

ll( ,.., ll( ll( C I- 0 ... )I( 00 << ::::,::::, u.u. °' )I( >Cl'I (!) I- )I( (I) 

)I( )I( < °' °' I )I( ...... a:°' WW cl) Cl'I :::::, )I( 0::(J...,(J)I( L. 
)I( ll( ... )I( Q a: I- w )I( :::::, ::::, :::::, :::::, a.. D.. cl) cl) I- )I( >- °'X:',,..JHlK 

::, 

ll( )I( ll( )I( w w :z: a.. Cl'I )I( >->- ...... OIO' 00 cl) cl) )I( °' WI >W..J)I( Ol 

)I( ******* )I( Cl'I D.. 0 % ll( << << ...... WW I- * < D.. :c :::>U. )I( u.. 
)I( )I( ll( )I( <C 0 c.> cl) a: )I( ..J ..J Cl'I cl) xx cl) cl) c.> c.> u. )I( !: W..JU.% )I( 
)I( ll( ll( ca ... ::::, )I( WW << xx w * !: cn>< 0)1( 
)I( ll( )I( ll( )I( ..J ..J cl) I- )I( QC )t~ E !: M~ WW ..J )I( :::> Q (J cl) (J )I( 

)I( )I( )I( % < < >- )I( )I( cl) %..JHcl) )I( 

* )I( N )I( 0 % ... ..J I- )I( )I( O<t-W%lK 
)I( )I( )I( ... C> Q < u. )I( * (.)t-H(.)°')I( 

* )l()l(ll()l()I( )I( I- ... z: w )I( ll( woa::x:::::,* 
0... 

)I( )I( )I( )I( )I( < cl) N < ..J )I( )I( cl) I- (.) UJ I- * 
* )I( )I( I- )l(ll()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l()l(lli:)1()1()1()1( 

<C )I( )I( 0 

C) )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( )I( °' 
(/) 



SOAP 

VERSION: 1. 0 1 S O A P P R O G R A M REL EASE: 1. 04 - APR 10, 1978 CMRL> 

CARD I CARD FILE LIST UNIVERSITY OF FLORIDA 

50 !COMPARE ALL CASES 

SYSTEM S U M M A R Y S H E E T 

S Y S T E M A L T E R N A T I V E S S U M M A R Y 

MMMMNMMNMMMMMMMMMMNMMNMMNMMMMMMMMMNNMNNMMMMMMMMMMMNNMMMMNNNMNNNNMNMMNNNNM 

• • • 
• TOTAL DELAY • EXCESS FUEL • 
• • • NMNMMMMNMMMNMMMNNMNMNMMMMNNNMNMMNMNNMMNMNNNNMNMNNMMNNNMMMNNMNNNMMMNMMMMNMMNMNMMMNMMMMMMNMMMMMMNMMNMMNNMMNNMMMMMNMM 

MM M M M M M M M N M N 

•PROB• RUN• INTERSECTION • I • I 2 • I 3 • # 4 • I * # 2 M I 3 M I 4 * 
MN M M M N M M N M M N 
NNMNNMMMNNMNNMMNMNNMMNMMNMMMMMNMNNMMNNNMMNNNMNMNMMNNNMMMNNMMMMNNMNMNNMMNMMMNNMMMNMMNNMMNNMNNMMNMMNNNNMNNMMMNMNMMNM 
NM N M N M M M M N N M 

• • • ASHLEY DR. E KENNEDY BLVD • 127 .1 • • • • 237 .6 • • M • 
MM M M M N N M M M ill M 

• • 2 • ASHLEY DR. E KENNEDY BLVD• 84.0 M • M • 167.0 • M M M 
MM M M N M M N M M M N 
MNMNMMNMNNMMNNMNMNNMNMNMNNNMMNNNNNNMMNMNNMNMMNMMNNMMMNNNNNMMNNNMNNMNNMNMNNNNMNMNMMNMMNMNNMMNMNMNMMNMMMMMNNMNNNNMNN 

C O M P A R I S O N 0 F C A S E SYSTEMS 

MNNMMNNMMNMMNMMNNMMMMNMNMMMNNNMMNNMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 
M M M M M 
M CASE I * CASE NAME M TOTAL DELAY • EXCESS FUEL • 
W W M M M 
MMM*MMNMMMMMMMWMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMNMMMMMMNMMMMMMMMMM 
K M M M M 

• •EXIST. OPERS(MIN.DATAl • 127.14 • 237.61 M 
M M K M M 

• 2 * EXIST. OPERS.CACT.HDWYl • 84.00 • 167.00 M 
M M K M M 
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMNMMMMMMMMMM 

VERSION• 1.01 S O A P P R O G R A M RELEASE• 1.04 - APR 10, 1978 (MRL> 

CARD I CARD FILE LIST UNIVERSITY OF FLORIDA 
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

51 IEND 

Figure 29 (Cont'd). Example SOAP Output For Existing Conditions. 

63 



SOAP 

input data required tor the SOAP model to 
define and analyze various alternatives. 

One alternative which may result in improved 
traffic flow is to look at the potential 
benefits of a three dial system. Typically 
the Af4 peak traffic hour has different demand 
characteristics than off-peak traffic and the 
addition of a third dial could result in 
improved operations. At the same time it 
would also be desirable to see if a different 
cycle length would result in improved opera
tion at this intersection. Therefore one 
alternative (Case I) is to determine optimal 
three dial operation and cycle length under 
fixed time control. 

In order tor the SOAP mode I to define and 
analyze a three-dial operation the user must 
Inc I ude a separate control card tor each 
dial. Each dial must be assigned a different 
number. For each control card the minimum 
and maximum cycle length to be evaluated must 
be defined. The user has the opt ion to 
establish the time each dial goes into effect 
and the minimum length of time it wll I remain 
In operation. In the example this was speci
f led since the Intersection is part of a 
signal system. However, the user could leave 
the time in length unspecified and the model 
wil I determine which dial and cycle length is 
best for each time period. 

Figure 31 illustrates the timing and tJOE 
reports for the two best variations of signal 
operations under three-dial control. One 
solution ls tor a three-phase pattern which 
uses a 75 second cycle for the /lM peak 
per lod, 60 second eye I e for off peak and 70 
second eye I e for the PM peak per iod. The 
second solution is for tour phase operation. 
Both the /lM and PM per lods have the same 
cycle length, 75 seconds, but the sp Ii ts are 
different. There is little difference in the 
the MOE's, however, the three phase operation 
is slightly better. 

A second alternative which could be looked at 
would be design of the signal under ful I 
actuated operation. To evaluate this alter-
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native, it is only necessary to add a new 
control card under Case 2. No time or cycle 
length restriction were included (other than 
minimum green time for pedestrian clearance 
and model default value for rraximum cycle 
length). Figure 32 illustrates the timing 
and MOE reports for the two alternative phas
ing schemes. 

As with Case 1, the two phasing patterns 
determined to be pr act ica I were the three 
phase and four phase operations. Again, 
there is little difference in the tJOE 1 s for 
these alternatives. Even the cycle length 
only reduced slightly, from a mInImum of 67 
seconds to a maximum of 88.7 seconds. 

Evaluation of Results 

A comparative analysis between alternatives 
is an opt ion a I report from the SOAP model • 
Figure 33 ii lustrates this comparison table 
for the example problem. 

Case 1, the optimum three dial operation has 
virtually the same values for the two t-OE 1 s 
total delay and excess fuel. This should not 
be unexpected in this case since the present 
timing has been established through field 
observation over a number of years. In fact, 
this can be taken part I a I I y as a deoonstr a
t ion of the rrodel 1 s abi I lty to estlrrate 
optimum MOE 1 s attainable. 

Case 2, full actuation, is slightly better 
than the fixed time operation. However, it 
is not possible to attain this level due to 
the tact that the signal is part of a signal 
system and the platoon concentration factor 
( PCF) assumed that the subject s i gn a I wou Id 
have the same cycle length as the system. 
Obviously, operating this signal independent
ly of the system would result in considerable 
variation in the PCF. Therefore, the t-OE's 
are higher than would realistically be 
ach I eved under tu I I-actuat ion. 

In summary, the eva I uat ion of the resu Its of 
SOAP indicate that little improvement can be 
obtained on the existing two dial operation. 
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SOAP 

SIGNAL OPEltATIOM FOR1 ASHLEY DR. E KENNEDY BLVD 

3 DUL CONTROLLER 1 

PHASlNG1 I PHASE NS, l PHASE EW. P'ATTERH1 A NS, UW EW. 

3.5, TOTAL LOST TU1£1 ta.5 

LEFT TURNS - NORTHt NOHE, SOUTH: NOHE, EAST t REST, WEST I REST. 

IINMllllfllllllllllllllllllWMIIIIIIIJtllllllJtlflllllJflllflllJflllllllllllllNNNlflfNlfllNNIIMNllllllllllllllflllll••···••NIIJIIIIINlllfN 
11 11 PATTERN PHASES • 
II 1'10VENEHT5 IOIIOUOIIINIOIINIOIJIIIIIIIIIIIINNIIIUINIIIIIIUJIMIIINIIIIIIIWIIIUIIIIII 
II II PH 1 11 PH 2 11 PH 3 II PH ' Ill PH S II PH 6 II 
llltMlfllllllJflllllllllllMIIIIIIINIIIIMIIIIIINIIIIIIIIIIIIIIIIIIIIIIJllfllllllJlllf!UllfllllMIIIIMIIIIIIIIIIIIIJllllllllllllllllllltlllllllllllllllNII 
11 11 111 Ill II 11 

II NORTHBOUND THRU II XXXX II M II • 
Ill LEFT If XXXX If II II 1t 

II SOUTHBOUND THRU II XXXX II II II M 
II LEFT II XXXX If II II If 
111 EASTIOUND THRU II N XXXX N XXl(X II Ill 
N LEFT II II XXXX II If II II 

WESTBOUND THRU II II II XXXX Ill XXXX II II 
LEFT II If II JI XXXX II II 

II Ill II II N II II II 
IIIIIJflllllllOflllllllNIIJIIIIIIIINlfllNlflfJIJtlllllllllltlfNIIIIINllllllfltNlll•····•···············•····••111111 
• Til'IE 11 • • PERCENT OF CYCLE TO EACH PHASE • 
•••••••••••••1111 DIAL • CYCLE •u11••11••••••11••11••••••1111•11••111111u1•••111••111••111• 
• FROM • TO Ill • JI PH 1 N PH 2 • PH l • PH 4 • PH 5 II PH 6 Ill 
·········••111••· ··••11111••··••111111• • ..... ··••11111•. ••1011• •111•11 ··"······ 11••······· 
• 700 II 715 • I II 75.0 36.0. 36.6 7.2 II 20.2. 0.0. 0.0 Ill 
• 715 • 750 • I Ill 75.0 36.0 II 36.6 7.2 • 20.2 • 0.0 II 0.0 • 
• 730 Ill HS • 1 111 75.0 36.0 • 36.6 7.2 • 20.2 • O.D • O.D • 
• 745 Ill aoo • 1 • 75.0 36.0 • 36.6 7.2 • 20.2 • o.o • D.O • 
• &DO • 315 • 1 • 75.0 36.0 II 36.6 7 .2 • 2D.2 II O.D • 0.0 Ill 
II 815 • 830 • I• 75.0 36.0 II 36.6 7.2 • 20.2 • 0.0 • 0.0 111 
II no• 84.S • 1 II 75.0 36.0 • 36.6 7.2 • 20.2 • o.o Ill O.D • 
• 845 • ,00 II 1 • 75.0 36.0 • 36.6 7.2 • 20.2 • 0.0 Ill 0.0 • 
• 900 • 915 • 2 11 70.0 29.9 • 41.0 6.2 II 22.9 • 0.0 Ill 0.0 • 
• 915 • 930 • 2: • 70.D 29.9 If 41.0 6.2 ■ 22.9 Ill D.0 N 0.0 N 
• 930 M 945 M 2 • 70.0 29.9 Ill 'i1.0 6 .2 • 22.9 • 0.0 0.0 II 
• 945 Ill 1000 II 2. 70.0 29.9 • 'i1.0 6.2. 22.9. 0.0 0.0. 
• 10D0 JI 1015 If 2 II 7D.O 29.9 • 'il.0 6.2 • 22.9 • 0.0 O.D Ill 
Ill 1015 Ill 1030 Ill' 2 Ill 70.D 29.9 • 41.0 6.2 II 22.9 Ill 0.0 0.0 Ill 
• 1030 • 10'i5 • 2 Ill 70.0 29.9 Ill 'il.0 6 .2 Ill 22.9 Ill 0.0 II 0.0 • 
Ill' 1045 • 1100 If 2 • 70.0 29.9 • 41.0 6.2 • 22.9 II 0.0 II 0.0 Ill 
II 1400 II 1415 M 1 II 75.0 36.0 Ill 36.6 7.2. 20.2 II 0.0 II 0.0 Ill 

·- 1'i1' M 1430 II 3 75.0 3".8 • 36.2 8.3 • 20.7 • 0.0 Ill 0.0 Ill 
Ill 1430 Ill 1445 • 2 70.0 29.9 • 'i1.0 6.2 • 22.9 Ill 0.0 Ill 0.0 N 
Ill 14lt5 N 1500 II 2 70,0 29.9 Ill 41.0 6 .2 • 22.9 Ill 0.0 Ill 0.0 Ill 

1500 • 1515 N J 75.0 34.8 Ill 36.2 8.3 • 20.7 Ill 0.0 • 0.0 II 
1515 N 1530 • 2 70.0 29.9 • ltl.0 6,2 • 22.9 • 0.0 • 0.0 M 
1'30 N 15'i5 Ill 3 75.0 Jlt.8 II 36.2 8.3 N 20.7 II 0.0 II 0.0 • 
151t5 II 1600 • 3 75.0 34.8 • 36.2 8.3 M 20.7 • 0.0 • 0.0 M 

111 1600 • 1615 • 3 75.0 3".8 II 36.2 8.3 • 20.7 II 0.0 II 0.0 Ill 
.111 1615 • 1630 N 3 75.0 3".8 II 36.2 8.3 • 20.7 II 0.0 II 0.0 Ill 
• 1630 II 1645 Ill l 75.0 3".8 II 36,2 8.3 II 20.7 II 0.0 II 0.0 II 

1645 • 170D Ill :S 75.D 34.8 II 36.2 8.3 II 20.7 Ill O.D II 0.0 N 
1700 II 1715 Ill :S 75.0 Jlt.8 Ill 36.2 8.3 II 20.7 Ill 0,0 W 0.0 Ill 
1715 II 1730 111 3 75,0 lit.a N 36.2 8.3 M 20.7 II 0.0 • 0.0 II 
1730 II 17tt5 • 3 75.0 lit.a 11 36.2 a.:,, 111 20.7 • D.0 111 0.0 11 

II 171t5. 1800. J 75.0 34.8 II 36,2 8-.J Ill 20,7. 0.0 Ill 0.0 Ill 
··•-111111111111111111111••111111••·••1111 1111••111111111111111111111111111w111www11111J1•111 ••• •111•••111• •M111111111w•11111111J1MIIIIIIWIIIIIIII 

5-lGHAL OPERATION -F01t:1 ASHLEY DR. E KENNEDY IILYD 

l DUL CONTROLLER1 

ANALYSIS PERIOD• 70D. TO 1&00. PHASING: 1 PHASE NS, 3 PHASE EW. 

LEFT TURNS - HORTH: NOHE, SOUTH: NONE, EAST: REST, WEST: REST. 

HORTH SOUTH EAST WEST 
1111111 • 11111111 111 •NN•11111111 111 •111N •11111111111•111111111111111w111111111111•11111 • 11111111 • 11111•11111111 •111111111•1111•111111 •11• 111111•11111111w• • 111111 ••11•• 

11 Ill Ill N • 

DELAY TO THRU ( YEH-HRS J • 6. • 22. N O. • 35 · • 
DELAY TO LEFT <VEH-HRSJ 11 3. O. • 20, N 1. . . 
X SATURATION THRU "· 50. ,. . 72. 
X SATURATION LEFT ... , . ... 12 • 

l"IAX QUEUE TD THRU <VEHJ ,. 20. , . . 15. 
l"IAX QUEUE TO LEFT <YEH) I. ,. 10. I. 

X STOPS TO THRU 35. "· ,. 76. . 
X STOPS TO LEFT ... ,. ... ... 
EXCESS FUEL THRU CGALJ "· ... , . 62. 
EXCESS FUEL LEFT <GAL> , . . ,. 39. z. 

LEFT TURN CONFLICTS I. . ,. 
' ' . ,. ,. 

•••11••••11••11••111w•1111111•111111••11••IIIIIIIIIIN•1111•1111111t111••11•11•11•11•11111•••N•Mllllll•11•111•1111111111111•111IIIMJIIII 
• Ill III II Ill Ill • 

• SUl"lf"IARY II PH t• GREEN GREEN Ill III JI 
• IIIPH2• IIILEFTTHRUII II 
•SECONDS PER YEH 16. • PH 3111 • THRU II THltU • 
•TOTAL YEH-HRS 87. Ill PH O Ill • LEFT THRU • 
•CRITICAL VIC 77. Ill PH 5111 • II • 
•EXCESS FUEUOAL J 170. II PH 6• • • 11 
•TURN CONFLICTS 1. • II • Ill 

11 11 
N••11111111111 ■ •111•111111••••···•• .. ·••••IIIIIIH.!IIIIIM•••••111t1Jlll•NIIIIIN•NIIIMlll•N••••11111•••111111111••111•••111•111• 

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY IILVD 

3 DUL COMTROLLER: 

PHASING: 1 PHASE NS, 2 PHASE EW. PATTE1tH1 A NS, EW EW. 

LOST TIME PER PHASE: 1.5, TOTAL LOST TINE: 10,5 

LEFT TURHS - NORTH: NONE. SOUTH: NONE, EAST: REST, WEST: REST. 

IIIW.JIJIIIIIIIIINJ11•11111•11••111•••lllll.1llllll••111••11•111•••••lllllllllll••••••ll•ll••lllll··••11••11•••MIII•·· 
II • PATTERN PHASES ,r 
Ill l"IOVEl"IENTS •11•11111••••1111111111111111111••11••11••111111••••••11••••11••••11 
111 • PH I • PH 2 • PH 3 • PH It • PH S • PH 6 • 
111••···••11111•11••11••••111111111••·••111••111111••·••11••···••11•11•••111•11•11111•11111••••111•11••· 
Ill Ill M • • • • • 
II NORTHBOUND THRU • XXXX • II 
• LEFT Ill XXXX III Ill 

SOUTHBOUMD THRU • XXXX N W 
LEFT II XXXX 111 111 

EASTBOUND THRU Ill XXXX • 
LEFT • XXXX • • 

WES TBOUHD T HRU Ill • XXXX • 
LEFT Ill • XXXX • 

II Ill • • • • 
··••11•1111111111•••111111•1111•1111••••1111111••··••111111.111••··••111••·••11111••··••111111•111•••111••··· 
• Tif'IE Ill • • PERCENT OF CYCLE TO EACH PHASE • 
•••••111111••11u,111•111 DIAL • CYCLE •1111••111111111111•••111••••111111••111•111111•11••111111•••••11••111•• 
11 FROM' • TO Ill II II PH I II PH 2 • PH 3 11 PH 4 • PH 5 • PH 6 • 
•••••••11•••111••••11•111•11••111111111111•1111•11111•••111111•111111•11 111•111••••11111••••••111111•• •IIIINII 

700 II 715 • 1 • 75.0 Ill 36 .0 Ill 36 .6 27 ,4 • 0,0 II 0,0 0,0 
715 • 730 Ill 1 • 75.0 • 36.0 II 36.6 27,4 II 0.0 • 0,0 11.0 
730 II 745 • 1 • 75.0 • 36.0 Ill 36.6 27.4 • 0.0 0.0 0,0 
745 • aoo 111 1 • 75.o • J6.o • 36.6 27.4 • o.o o.o o.o 
aoo 315 11 1 11 75.o • 36.o • 36.6 21,4 • o.o o.o o.o 
8t5 830 Ill 1 II 75.0 Ill J6.0 • 36.6 27.lt • 0.0 II 0,0 0,0 
830 845 • 1 111 75,0 111 36.0 JI 36.6 27.4 • 0.0 • 0,0 0,0 
845 900 II 1 • 75.0 • 36.0 • 36.6 27.4 • 0.0 • 0.0 D.O 
900 915 II 2 Ill 60.0 Ill 29.9 Ill 41.D 29.1 Ill 0.0 • 0.0 0.0 
j15 ,JO If Z • U,0 Ill 2'L9 11 41.D 29.1 • Q.O • 0.0 0.0 
93D 945 Ill 2 II 60 .0 M 29.9 Ill 41.0 29. t Ill 0.0 II 0.0 0.0 
91t5 1000 Ill 2 Ill 60. 0 • 29. 9 Ill 41. 0 29. 1 • 0.0 • 0.0 0.0 

1000 1015 Ill 2 Ill 60.0 • 29.9 • 41.0 29.1 • 0.0 Ill 0.0 0.0 
Ill 1015 1030 • 2 • 60. 0 • 29.9 • 41.0 29.1 II O .0 Ill 0.0 0.0 
• 1030 10'iS 111 2 • -60.0 • 29.9 M ltl.O 29.1 W 0.0 II 0.0 0.0 
• 1045 1100 Ill 2 Ill 60.0 • 29.9 W ltl .0 29.1 • 0.0 Ill 0.0 0,0 
• 1400 11t 15 W 1 • 75. 0 • 36. D Ill 36 .6 27 .It • 0. 0 • 0 ~o O. 0 

1415 1430 II l II 70.0 • 34.8 • 36.2 28,9 • 0.0 • 0.0 0,0 
1430 141t5 • 2 111 60.0 • 29. 9 • 41.0 29. I • 0 .0 • 0,0 0.0 
1445 1500 Ill 2 • 60 .0 II 29.9 II 41,0 29, 1 II 0.0 • 0.0 0.0 
1500 1515 • 3 II 70.0 W 34.8 • 36.2 28,9 • 0.0 JI 0.0 0.0 

• 1515 1530 Ill 2 Ill 6Q.0 II 29.9 • 41,0 29,1 • 0.0 • 0.0 0.0 
• 1530 1$'t5 Ill 3 II 70,0 II 34.8 Ill 36 ,2 28.9 • 0.0 • 0 :o 0,0 
• 1545 IE 1600 • 3M 70.0 • 34.8 • 36.Z 28.9 • 0.0 • 0.0 0.0 

1600 • 1615 If 3 Ill 70.0 • 34.8 • 36.2 28.9 II 0,0 • 0.0 0.0 
161S 111 1630 111 3 11 70.0 111 lit.a If 36.2 28.9 If 0.0 • 0.0 Ill 0.0 
1630 1111 1645 II 3 Ill 70. 0 Ill 3't.8 Ill 36 .2 28.9 Ill 0.0 • 0 .0 • 0 .0 
1645 • 1700 II 3 Ill 70 .0 If 34.8 If 36 .2 28.9 Ill 0. 0 II 0.0 • 0.0 
1700 Ill 1715 Ill 3 Ill 70.0 • J'i.8 • 36.2 28.9 Ill 0.0 II 0.0. 0.0 
1715 • 1730 II 3 • 70.0 Ill 3".8 Ill 36,2 28.9 • 0.0 If 0.0 • 0.0 
1730 • 1745 • 3 Ill 70.0 II lft.8 • 36.2 28.9 • 0.0 If 1.0 • 0.0 
1745 • t&DO II l II 70.0 II 34.8 II 36.2 28.9 • 0.0 • 0.0 11 0.0 

•11•J111111•••••••••••11111•11111111•1111111111111J111111•111111•111••111•1111w•11111••111•1111•111•11111•••••11111••11•• 

SIGNAL OPERATION FOR: ASHLEY DR, E KENNEDY IILVD 

3 DIAL CONTROLLER: 

ANALYSIS PERIOD= 700. TO 1800. PHASING: 1 PHASE NS, 2 PHASE EW. 

LEFT tURMS - MORTH: NON£, SOUTH! NOHE, EAST: REST, WEST: REST. 

NORTH SOUTH UST WEST 
•11••11111111••11•N•NIINlll••111•11111•11••111w11111•11111•111•111••M•11111111••11111111•11111•1U1111•11111••••••••111111w•11•11111•11 
• 11 • • II 

DELAY TO THRU (YEH-HRS) 11 6. 11 21. 0, 36, 
DELAY TO LEFT <VEH-HRSJ • 3. 0, 19. t. 

X SATUltA TION TNRU 
X SATURATION LEFT . 
l'IAX QUEUE TO THltU ( YEH J 11 
l"IAX QUEUE TO LEFT (VEHJ • . 
X STOPS TO THRU 
X STO:PS TO LEFT 

EXCESS FUEL THRU (GAL> 
EXCESS FUEL LEFT (GAL) • 

31. 

"· ,. 
I. ' 

35. 

" . 
13. 

3 •• 

51. N 

'· 
20. 

'· 
",. 
51. 

'· . 

, .. ... ,. 
•-,. . .. 
,. 

39. 

73. , . ... 
I. 

77. .,. 
63. 
z. 

• LEFT TURN CONFLICTS O. 0. 0. . . . . 
11•111111•11•1111•1111111N••11••111•111111•11••••••1111••••••11••••11•••11111•11w•11111•11111•1111111••ll .. lll•NllllflfNIIIIIIMIII 
11 11 • • Ill II 
• SUl"ll"IAltY II PH 1• GREEN GREEN • II 
• JI PH 2• Ill LEFT THltU • N 
•SECONDS PER YEH 16. 11 PH 3111 • LEFT THRU Ill 
•TOTAL VEN-HRS as. Ill PH It• II • 
•CRITICAL V ✓ C 77. If PH 5• N 
11EXCESS FUEUGALJ 170 Ill PH 6• • 
•TURN CONFLICTS I. • 11 • • 
•11111•M•••111•1111••••111•11111•11••••••111111111•••1111111••••11•NMlllll•N••••IIIII.MN••IIIIIIIIN·••11•11NIIIIIN••·••11 

Figure 31. Example SOAP Output for Alternate 3 Dial Operation (Case 1). 
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SIGNAL OPERATION FOR1 ASHLEY DR. E KENNEDY BLVD 

ACTUATED CONTROLLER: 

PHASING: 1 PHASE NS, 2 PHASE EW. PATTERN• A 

LOST TIME PER PHASE• 3.5, TOTAL LOST TIME: 10.5 

HS, EW EW, 

LEFT TURNS - NORTH: HONE, SOUTH: HONE, EAST= REST, WEST: REST. 

JUOIIOOOUIIIIMIIIIIOl lflOIIIIIIII 101100001100000111 IUIIIIIIJOIIIOOI IOOll llflOOllllflllfllllllllMJUOIIINIOIIOlllllllfll 
• If PATTERN PHASES II 
N l'IOVEMEHTS JfllllOIINIOIIOIIIIIOlllllfJfNIOOOllltfNIIWNIIIIIJllllMMlllfllJUOIJHUIIIIIII 

11 • PH 1 II PH 2 11 PH l II PH 4 11 PH 5 It PH 6 If 
IIIIMlfllJttflllfllllllllllllllJIJflllllJlllflflfllllllfNIIIOIIJflllllllJlllfllllllllflflllllMlllllJOtNIIIIMlflflllfMIIIIIIIIIIINIIMJfNllllflflllM 
II Ill Ill Iii III M II 11 
II NORTHBOUND THRU • XX:XX If 11 11 
II LEFT II XXXX II II II 
• SOUTHBOUND THRU • XXXX 11 11 • 
II LEFT .JII XXXX II If N II 
II EASTllOUHD THRU II II XXXX • 11 
II LEFT II II XXXX N N 
II WESTBOUND THRU If If If XXXX 11 

LEFT If If XXXX II 
JII If JII JI II If N 

•••••·••n••·lf·•·····••11••·lflf •• lflflflflflflflflflf•lflf.MlfMlflfNlflflflfJllflllflfJllfJllflfJllllflfMlllf 
* TINE If M * PERCENT OF CYCLE TO EACH PHASE JI 
IOfllMJllflfMJIJllllJIJllflf DIAL M CYCLE lflfMIIJIJIJllllllfllllJIIIMJIJIM:JIJIJINJIJIJllflllfJIJIJIJlllJIJIJIJIIIJIJIJIJlll 
If FROM JI TO JI II If PH 1 II PH 2 JI PH 3 N PH 4 JI PH 5 11 PH 6 11 
lfllllOflllflflflllflllllflflllllfJllllllllllllllllflflfJllllflfllM-lflflflllflllfJIJIJllfJIIIJIII.NlflllfllJllflflfllJIIIJIIIIIJINIIJIIIIIII 
If 700 If 715 II lflfllM II 67.0 II 31.7 II 38.7 If 29.6 Jf 0,0 II 0.0 I( 0.0 If 
II 715 If 730 * lflfllll JI 74.0 JI 32.6 JI 35,5 If 31.9 Jf 0,0 II 0.0 JI 0.0 11 
II 730 If 745 II lflflflf M 75,2 II 32.6 II 35.1 II 32.3 Ill 0,0 JI 0.0 If 0.0 II 
II 7't5 If aoo II lllflllf 11 88.7 11 38.6 If 32.2 11 29.2 Jf 0.0 If 0.0 11 0.0 11 

800 If 815 II 01111 11 72.3 11 33.:2 11 3't.7 If 32.1 Jf 0.0 If 0.0 11 o.o 11 
815 If 330 If UU N 84.t II 40.4 If 28.9 II 30.3 Ill 0.0 II 0.0 If 0.0 N 
830 II 8't5 If NlflfJI N 80,2 N 34.8 II 36.1 JI 29.1 M 0.0 II 0.0 If 0.0 II 
845 JI 900 If 11111111 If 69.0 If 33.4 .. 36.8 II 29.8 M 0.0 If 0.0 M 0,0 JI 
900 If 915 If lllllflf If 76.2 If 37.1 If 31.4 If 31.5 If 0.0 .. 0.0 JI 0.0 If 
915 If 930 If lfJllflf JI 75.1 If 32.1 37.5 If 30.3 11 0.0 If 0.0 11 0.0 ll 
930 If 945 II lflfJllf JI 74.6 II 28.1 38,4 If 33.5 If 0.0 If 0.0 11 0.0 JI 
945 If 1000 II lf*lflf II 74.6 JII 34.2 35.3 II 30.5 Jf 0,0 If 0.0 JI 0.0 II 

1000 II 1015 II lflflflf If 73.3 If 31.5 37.4 If 31.1 .. 0.0 If 0.0 II 0.0 If 
1015 JI 1030 II lflflflf II 75.8 II 30,7 36.5 .. 32.8 M 0,0 .. 0.0 II 0.0 II 
1030 JI 1045 II lllfllll If 72.9 II 30.4 36.1 II 33.6 M 0.0 II 0,0 II 0.0 If 
1045 If lt00 If IIJllfJI If 68.6 II 31.6 37.1 II 31.3 M 0.0 II 0.0 If 0.0 If 
1400 If ats If Mlllfll If 76.3 • 36.3 34.0 11 29.7 M 0.0 11 0.0 11 0.0 If 
1415 If 1430 II lfllJIJI * 74.4 II 32.6 37.1 II 30.3 M 0.0 II 0.0 If 0.0 If 
1430 N 1445 If lfllllJI If 71.4 II 34.8 33.9 If 31.2 M 0.0 JI 0.0 If 0.0 If 
1445 If 1500 If lfllllJI II 69.3 II 30.0 38.1 II 31.9 M 0.0 II 0.0 II 0.0 II 
1500 II 151S II lflfllM JI 75.4 II 34.7 36.7 If 211.7 Ill 0.0 If 0.0 II 0.0 II 
1515 If 1530 II IIJIIIJI If 63.5 If 33.1 36.2 If 30.7 M 0.0 If 0.0 M 0,0 If 
1530 If 1545 • lfJllfll II 68.9 .. 29.7 36.S If 33.8 .. 0.0 JI 0.0 .. 0.0 If 
154S If 1600 If lflf•II II 79.1 .. 33.2 35.4 11 31.5 .. 0.0 If 0.0 11 0.0 If 
1600 If 1615 .. 1111 .. 11 II 71.5 II 34.8 35.3 If 30.0 M 0.0 If 0.0 11 0,0 If 
1615 If 1630 .. 111111. II 69.3 If 30.4 38.2 If 31.4 M 0,Q If 0.0 .. 0.0 II 
1630 .. 1645 II lllllflf If 69.9 If 33.9 J,6,I If 30,0 Jf 0,0 If 0,0 • 0.0 II 
1645 II 1700 If lflfllM 11 73.9 If 33.9 35.9 .. 30.3 .. 0,0 If D.O If 0.0 11 
1700 .. 1715 .. 11111111 If 71.8 If 34.4 35.1 II 30,5 .. 0.0 If 0.0 If 0.0 If 

1715 If 1730 .. lflflfll II 74.8. 35,5 33.5 II 31.0 N 0.0 II 0.0 If 0.0 II 
1730 If 17't5 If lflfMII If 71.'t II 33,1 36.2 .. 30.7 N 0.0 II 0,11 • 0,0 II 
1745 • 1800 • •HJI • 71.1 .. 36,11, 34.0 If 29.2 N 0.0 N 0.0 If 0.0 JI 

lfJfJIN•ll·Jl .. lllflflflf 11 .. lflf IIJINJIJlll .. lllflf.MIIJI. ·- 111111111•••11111111111•w••J1••111111••w•11 Jll(lf 111111• Ill.JI 11111 

SIGNAL OPERATION FOR• ASHLEY DR. E KENNEDY BLVD 

ACTUATED CONTROLLER: 

ANALYSIS PERIOD: 700. TO 1800. PHASING: 1 PHASE HS, 2 l"HASE EW. 

LEFT TURNS - HORTH: HONE, SOUTH: NOHE, EAST• REST, WEST: REST, 

HORTH SOUTH EAST WEST 
·••11•N•llllfJlllfllllllllllfJlllllflf•111•w•11••·1flflf.lflflfllllf •• llllflfJf.lfJ11f•lfllllfllllll •• lfllllllllflfllllflflf.llllf.lfJ1•••-•ww• 
If • • • 11 • 
.. DELAY TO THRU (VEH-HRS) Ill 6. • 22. • 0. • 25, • 

DELAY TO LEFT ('YEH-HRS) 2. 0. 20. 1. 

X SATURATION THRU 
X SATURATION LEFT . 
HAX 4UEUE TO THRU CYEH> 11 
MAX 4i!UEUE TO LEFT (YEH) • . 
X STOPS TO THRU II 
X STOPS TO LEFT • 

' EXCESS FUEL THRU (GAL) If 
EXCESS FUEL LEFT CGAL) • 

LEFT TURN COHFL ICTS 

30. 11 
40. If 

,. 
'· 

35. .,_ 
"· 2. 

o •• . . 

50. 
0 •• 

23. J1 
0. 

53. 11 
0. 

51. ,. 
,. 

,. 
48. 11 

,. 
'· , .. 

82 . 

0. ". ,. 

66. 
8. 

14. Ill 

'· 
71. ... 
53. 
2. 

,. 
••M11• .. ••••1111111111••11J111flllll• .. •11•••11•••••11• .. •1111111•11 .. •w•N••••••1111111111•111111•11•1t••1t11•1111•11••11 
• • Ill II N II If 
It SUMMARY • PH 111 GREEN II GREEN If 11 111 
• If PH 211 111 If LEFT THRU II JI 
lfSECOHDS PER VEH 14. If PH 3• • LEFT THRU 11 
IITOTAL VEN-HRS 76. 1t'PH O II If 
•CRITICAL V/C 87, II PH 5• 
•EXCESS FUEL<GALJ 162. II PH 6• 
•TURN CONFLICTS O. 1t JI 11 111 
•• lflfJllllllllllllll•11•••111• .. ··••M•11•1111flf•111••·--··lf•111•••w•••111111••-··· ... lf .... llllf···· .... •111•111w••w•111 

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD 

ACTUATED COHTROLlER: 

PHASING: 1 PHASIE NS, 3 PHASE EW. PATTERN: A 

LOST TIJIIE PER PHASE• 3.5, TOTAL LOST TIMfz 10,5 

HS, ETW EW. 

LEFT TURNS - HORTH: NONE, SOUTH: NOHE, EAST: REST, WEST: REST. 

SOAP 

Nlf•111111•111111•111•w•••11•••w11111111f•Mlflf·••11•••11•1flflfllllflflflllllJlllllflf ..... N.Nlflflllflfll.lflf.lfJ11•11• 
If II PATTERN PHASES • 
Ill "OVEl"IEHTS ••11••1111J11MlfMlfll·lf· lllllllllfJIJllMlf II.If If.If llllflflf •Nlflf.lflf •. If 
If II PH 1 M PH 2 II PH 3 II PH 't II PH 5 M PH 6 II 
•MIIJllNNlf.lflflf .. llN•NMlflf.lllflllflf ... lflf•NN•Nllllflfllllflf·••Nlf.lfllilflllf•lfMlfilf.lflflllllfJl••111•1flflf.lf 
• If M If If 111 
If NORTHBOUND THRU .. XXXX • If If • 
M LEFT • XXXX If II If If 
.. SOUTHBOUND THRU M XXXX • 111 If • 
• LEFT If XXXX If 11 , If • 
II EASTBOUND THRU M • XXXX III XXXX If • 
If LEFT Ill • XXXX III If • • 
If WESTBOUND THRU • • 111 XXXX If XXXX • • 
If LEFT • • 111 XXXX If M 
II II • 11 11 II 
Mlf •• lflf.lflf·lf·••111••MllllfJll.lflfMlflflfMllllllll •• llllflllflflf.Mlf••N•1111••111111•1111flflflflllfMIIMlfNMllllflfllllf 
If TINE JI • 11 PERCENT OF CYCLE TO EACH PHASE If 
llllf.llllf••111•11•••N• DIAL If CYCLE ... lf.Mlfllllllllflf•lf111f•lllfMlfM•111J1•1111f•111••1flfll•I0•111111••lf 
• FRO" Ill TO II • II PH 1 M PH 2 If PH 3 • PH 4 II PH 5 111 PH 6 If 
NII.Mlfllllll.lfN••111111t ... lf.lllllllllfllllllfMN••······••w1111•w•11••·• .. 11111flfllllMMllllllfll•N11•111••*11 
.. 700 Jll 715 M JIIJlllflf II 67.0 .. 31.7 If 38.7 If 2.ft • 27.2 If 0.0 • 0.0 If 
.. 715 .. 730 • Jflfllll II 74.0 M 32.6 • 35.5 If 7.&. 24.0 M 0.0 If 0.0 Ill 

730 • 7't5 If NlfJIII II 75.2 .. 32,6 If 35. 1 If 12.0 • 20.3 If 0.0 II 0.0 If 
H5 .. 800 • MDIII II 8&,7 .. 38.6 If 32.2 If 12.9. 16.3 M 0.0 If" 0.0 • 
800 If 815. Mlf.11•. 72.J .. 33.2 If 34.7 If 12.0 20,2. 0.0 • 0.0. 
815 N 830 II HMM N 84.1 II 40,8 Ill 28.9 II 12.6 17,7 Ill 0.0 II 0.0 If 
&30 • 845 If M•U • 80,2 .. J.'i.8 Ill 36.1 • 9.6 19,5 • 0.0 If 0.0 If 
845 M 900 M MJlllfll. 69,0 If 33.4 36.8 JI 9.t 20,7 Ill 0.0 If- 0.0. 
900 • 915 • •uM • 76.2 • 37.1 31.4 • 13.5 1a.o * o.o • o.o 111 
915 If 930 If Nlllf• • 75.1 M 32.t 37.5 Ill 8.7 21.7 • 0.0 • 0.0 II 
930 II ,45 If 111111• If 7't.6 Ill 28. 1 38,4 If 10.5 23.0 • 0.0 M 0.0 Ill 
945 • 1000 If ••n • 7't.6 M 3't.2 35.3 Ill 9.4 21.0 M 0.11 II- 0.0 II 

1000 • 1015 If IIUlf If 73.3 • 31.5 37.4 If 8.3 22.8 • 0.0 • 0.0 • 
1015 • 1030 • •wu • 75.8 • 30.7 36.5 111 12.s 20.3 11 o.o w o.o • 
1030 • 1045 Ill •110 .. 72.9 • 30.4 36.1 II 13.ft 20, 1 .. 0.11 If 0.0 It 
1045 .. 1100 If •u• • H.6 II 31.6 37.1 • 3.3 23.0 • 0.0 • 0,0 • 

M 1400 If t415 • ..... • 76.J • 36.3 34.0 If 7.1 22.6 • 0.0 If o.o • 
'11 1415 Ill 1430 • Mlflf• Ill H.4 • 32.6 37,1 If 12.2 IIJ.1 M 0,0 Ill 0.0 Ill 
• 1430 • 1445 If ilflfllll Ill 71.4. 34.8 33,9 If 10.7 20.5 Ill 0.0 Ill 0.0 If 
• 1445 M 1500 If lllfJllf. 69.3. 30.0 38,1 If 1f.6 20,3. 0.0. 0.0 Ill 
If 1500 If 1515 M IIIJllf .. • 75.4 M 3'i.7 36.7 If 6.1 22,6 • 0.0 If 0.0 If 
• 1515 If 1530 II ••u If 68.5 • 33.1 36.2 • 10.4 .. 20.4 If 0.0 If 0.0 .. 
)f 1530 II 1545 II 111111111 II 68.9 If 29.7 36.5 • 12.& If 21.0 • 0.0 • 0.0 If 

1545. 1600 If Jlllllllf If 79,1 II 31.2 35.4. 11.6. 19.8 Ill 0.0 II 0.0. 
1600 If 1615 JI 111111111 If 71.5 Ill 34.8 35,3 M 9.1 • 20.9 M 0.0 II 0.0 M 
1615. 1630 II llflfJflf. 69.3 M J0.4 38,2 If 11.4 .. 20.0 II 0.0 II 0.0. 
1630 If 1645 • Mlflf• • 69., • JJ., 36, 1 If I. I • 22,0 If 0,0 II 0,0 JI 
1645 If 1700 • Mllllllf JI 73.9 Ill 31.9 35.9 If 10.8 If 19.4 II 0.0 Ill 0.0 JI 
1700. 1715 If Mlflflll If 71.8 • 34.4 35,1 If 11.3- If 19.2 II 0.0 Ill 0.0 II 
1715 • 1730 .. lflflfll • 74.8 N 35,5 33,5 If 10,6 If 20.4 • 0.0 If 0.0 • 
1730 II 171t5 II 11111111111 II 71.4 • 33.1 • 36,2 M 7.2 If 23.5 • 0.0 II 0.0 • 
17't5. 1800 If Nlflf•. 71,1 If 36.8 • 34,0 If 7.3 If 21., • 0.0 • 0.0 If 

M1111•11• .. 111111fM•lflflf .. Mll•••111111•••lflflflf•lflllf••••J1Jllf•NllMll•N••11w111111•M•lf .. lfll•lf••J1•1flflf• 

SIGNAL OPERATION FOR1 ASHLEY DR. E KENNEDY BLVD 

ACTUATED CONTROLLER 1 

ANALYSIS PERIODI 700. TO 1800. PHASIHGI 1 PHASE HS, 3 PHASE EW. 

LEFT TURNS - HORTH: HONE, SOUTHI NOHE, EASTI REST, WEST: REST. 

NORTH SOUTH EAST WEST 
lflll.MlfM••lflfMIIIMN••-•w•••w1111•Mlfllllllf··-lf•111•11••w••···••w•lft11flflflfllllllllll •• lf •• lf.Jf.lflf •• lf •• lf. 
If II M If • • 
• DELAY TO TttRU (VEH-HRS) • 6, .. 22, 11 0. • 25. • 

DELAY TO LEFT {VEN-HRS): 2, 0. If 20. 1. 

X SATURATION THRU 111 
X SATURATION LEFT : 

NAX queue TO THRU <VEH) .. 
NAX queue TO LEFT <YEH) : 

X STOPS TO THRU • 
X STOPS TO LEFT : 

EXCESS FUEL TttRU (GAL> • 
EXCESS FUEL LEFT (GAL> 

"· ... 
,. 
'· 

35. 

"· 
"· 2. 

50. ,. 
23. ,. 
53. ,. 
51. • 

o. : 
LEFT TURN CONFLICTS 0. 111 0. • 

If • If • 

,. 
48. 

,. ,. 
,. 

82. 

,. ., . 
,. 

... 
12. 

, .. 
'· 

71. ... 
53. 

2 • 

,. 
·•lfN.llllllll ... lfll.lfMMlf .. lll.lflfM .... IIIMJllflllflfMMlflflflllf ... lf .. Jllf•M ... lf.NMlllflllNlflf.llllf.Nlfll·•••111fMNllllllllf 

: SUMNARY : PH ,: GREEN 
III 

GREEN : : : 
If •PH21f •LEFTTHRU• M 
IIISECONDS PER VEH 14. If PH 311 • THRU • THRU If 
NTOUL YEH-HRS 77. If PH 41f If II LEFT THRU Ill 
.. CRITICAL Y/C 87, If PH 5• II If If 
•EXCESS FUEUGAL> 162 • PH 6• 11 11 • If 
MTURN CONFLICTS O. If • If • • If 
lfll.MlflllflllllllllNllllllfNNlf .. ltlll••11••••11llllllfll···• .. 111 ..... lf.NN•••111••1t••lfMlfM•lflf·ll·lf••Nlf•II ........ . 

Figure 32. Example SOAP Output for Alternate Actuated Operation. 
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SYSTEM S U M M A R Y S H E E T 

SYSTEM A L T E R N A T I V E S S U M M A R Y 

************************************************************************* • • • 
• TOTAL DELAY • EXCESS FUEL • 
• • • 

****************************************************************************************************************** 
MM M M M * M M M M M M 

•PROB• RUN• INTERSECTION • I • I 2 • I 3 M I 4 • I • # 2 ll I 3 • I 4 • 
MM M M M M M M M M M M 

*********************************************************************~******************************************** 
* * * * * * * * * * * * 
ll • • ASHLEY DR. E KENNEDY BLVD• 8<t.9 • 87.2 • • • 170.0 • 170.4 • • • 
MM M M M M M M M M M M 

ll • 2 • ASHLEY OR. E KENNEDY BLVD• 76.4 • 76.6 • • • 161.7 • 161.8" • • 
* * * * * * * * * * * * 
ll • 3 • ASHLEY DR. E KENNEDY BLVD• 84.0 • • • M 167.0 • • • • 
MM M M M M M M M M M M 

****************************************************************************************************************** 

C O M P A R I S O N 0 F C A S E S Y S T E M S 

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMKMMM 

* * * * * 
• CASE I • CASE NAME • TOTAL DELAY • EXCESS FUEL • 
* * * * * 
******************************************************************************* 
M M M M M 

• • OPTIMAL DIAL & TIMING • 84.94 • 169.99 • 
M M M M M 
• 2 • FULL ACTUATION • 76.45 • 161.71 " 
tE M M M M 

• 3 • EXIST. OPERS.CACT.HDWYJ • 84.00 • 167.00 • 

* * * * * *********************•*************************************************~******* 

Figure 33. Example SOAP Output for Comparative Analysis. 
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However, if three dial operation would int
prove traffic flow at adjacent intersections 
then the results obtained for this SOAP 
output cou Id be used to ret i me the s i gn a I 
with little change in level of service. 

Sumnmry of Work Effort Required 

The fol lowing provide a brief summary of the 
work effort required for the above example 
prob I em. 

Data Col lectlon - Since the city maintained a 
f I le with plans showing intersection geo
metrics and signal operation, as wel I as 
records of existing signal timing and recent 
traffic counts, the data collection time for 
these elements was minimal. In order to 
obtain field data to cal lbrate the model for 
existing operations, approximately eight 
hours of technician time was utilized to 
obtain headway data for left turn and thru 
movements for each approach dur Ing two per
I od s of the day. 1-bwever, typ I ca I ar ea-w I de 
headway data obtained over a period of time 
could eliminate the need for this Information 
except in unusua I circumstances. Approx I
mate I y six manhours of technician time was 
also utilized to obtain an estimate of the 
PCF for three approaches. Th Is type of data 
wou Id not nor ma I I y be coded except where 
f lxed time operation occurs and traffl c flow 
is at fected by adjacent si gna Is w I th In an 
Interconnected system. The PCF may a I so be 
estimated by making a run with the TRANSYT-7F 
or SIGOP I II models. 

Data Coding - Using the coding form the data 
for existing cond I tlons were coded within a 
two hour period. Since the existing condi
tions had been run, the cod Ing required tor 
def In Ing and eva I uating alternatives took 
less than one hour. 

Computational - Most SOAP problems require 
considerably less than one minute of execu
t Ion ti me. The ca I I brat Ion run took 1 : 59 
seconds of CPU time while the optimization 
run took 6.52 seconds of CPU time. Core 
storage of 18OK was required for each run. 

SOAP 
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CHAPTER 5 - TEXAS (INTERSECTION SIMULATION) 

Single intersection rrodels such as SOAP (de
scribed In the previous chapter) are usually 
deterministic models which deal with traffic 
macroscopically and are primarily concerned 
with signal timing. However, several other 
aspects of highway Intersections are of equal 
Importance to the designer. Cl ear I y the 
geometrics of the Intersection are of great 
Interest to designers. This aspect Is 
generally treated by most models only as to 
its effect on capacity. Thus consideration 
of geometrics Is largely based on analytical 
studies. 

Another aspect even less open to mathematical 
treatment is driver behavior and Its (recip
rocal) effects on signal timing and geomet
rics. Driver behavior has been the target of 
numerous empirical studies, but results of 
these studies are difficult to transfer Into 
a measurable effect that can be considered In 
intersection design by analytical or optimi
zation methods. Only in the field of safety 
ana I ys Is has dr Iver behavior been success
f u I ly accounted for In ear I ier appl I cations. 

Moreover, all Intersections are not con
trolled by traffic signals. Many, Indeed a 
far greater number than are si gnall zed, 
either have stop or yield sign control or no 
control at al I. There has been no effective 
tool for practitioners to analyze such Inter
sections, other than by field studies. 

With the growing complexity of Intersection 
design and concern for improved plann Ing and 
design of the highway and street system, the 
need for a relatively inexpensive method for 
deta I led study of the variety of Intersec
tions and control techn lques has become evi
dent. To meet this need, the University of 
Texas' Center for Highway Research has devel
oped the TEXAS simulation model for the Texas 
State Department of HI ghways and Pub 11 c 
Transportation (SDHPT) to perform microscopic 
simulations of Isolated intersections. The 
SDHPT maintains this model. 
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Figure 34. Intersection Geometr le 
Prob I ems 

The TEXAS (Traffic _gperlmental and ~naly
tlcal ~lmulatlon) model is strictly an analy
sis tool. It does not recommend design deci
sions; It rigorously analyzes the particular 
set of conditions Input. The user can evalu
ate alternative designs by performing several 
simulations with varied Input parameters or 
data. 

The model will simulate any intersection from 
two uncontrol I ed one-way streets to comp I ex 
intersections with multiphase control, and/or 
multiple lane movements. Traffic control may 
be none, priority movement (e.g., stop or 
yield) or signal lzed. Signal lzatlon can be 
two-phase or up to six-phase pretlmed; to 
eight-phase, dual ring, semiactuated or full 
actuated; and have protected, perm I ssl ve or 
unprotected turns. There are virtua I ly no 
restrictions on the configurations of the 
Intersection that may be analyzed, thus, any 
Intersection that Is feasible from an engi
neer Ing perspective can be simulated. 
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An extensive array of statistics are ma in
ta lned and output by the TEXAS model, 
Including delays, stops, queues, vehicle
ml les, travel time, movement counts, and 
conflicts to name but a few of the most 
Important. 

Thus, the TEXAS simulation model Is a valu
able tool, which enables traffic engineers to 
evaluate proposed designs In the office with
out expensive and potentially dangerous field 
imp I ementatlon. 

MODEL DESCRIPTION 

The TEXAS model was written at the Center tor 
Highway Research at the University of Texas 
at Aust In. The or I gl na I FORTRAN IV program 
consists of over 14,700 I Ines of executable 
statements and an additional 4940 I Ines of 
Internal documentat~on and comments. Whl I e 
TEXAS was wr ltten tor a me 6600 computer, 
modifications are available tor conversion to 
IBM ai/360. Two lnstal latlon-speclflc sub
routines are Included, but FORTRAN versions 
of these are available. The model, which 
runs In three separate steps, requires a 
maximum of 110K octal words on the me com
puter and 210k bytes on the IBM computer. 

Execution time Is highly variable, dependent 
upon the nature of the case being simulated. 
But, In general, execution time eight to 
forty-eight times taster than real time on 
the me computer. On the IBM, execution 
times are somewhat longer. 

The model conta Ins three major subprograms 
which, as stated earl ler, run Independently. 
The Geometry Processor reads geometr le data 
and "constructs" the physical Intersection. 
Plots of the Intersection and printed details 
are output, as wel I as outputs to a tape to 
be used later. The Driver-Vehicle Processor 
reads Input data and 11creates 11 the dr lver
vehl cl e traffic stream to be used In the 
traffic simulation. A number of classes of 
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veh I c I es a I I ow tor the natura I stocha st I c 
variation in traffic flow. Printed details 
and tape outputs tor further use are also 
produced at this stage. 

The main subprogram Is the Simulation Proces
sor, wh I ch reads the prev I ous data tapes as 
wel I as additional card Inputs (e.g., traffic 
control and other parameters), and performs 
the simulation. The Simulation Processor Is 
a microscopic, stochastic simulation model 
with time scan updating. outputs are punch 
card, pr In tad resu Its and graph I c displays. 

INPUT REQUIREMENTS 

The necessary Inputs tor the TEXAS model were 
desl gned to be user or lented and min Ima I. 
There are two bas I c formats tor the ttv"ee 
processors In the model. Since the pre-slmu-
1 at Ion processors, the Geometry Processor 
(GECf>RO) and the Driver-Vehicle Processor 
<DVPRO), utilize the same Input data, only 
one input format Is requl·red tor the two pro
cessors. The simulation processor (SIWRO) 
has Its om separate Input format. Both 
formats Include alphanumeric coding. 

Four basl c types of Information must be pro
v I ded for the pre-simulation processors: 

1. geometr le Information about the Intersec
tion Including number of approaches, 
number of lanes, etc., 

2. traffic data such as volumes, speeds, 
etc., 

3. types of veh I c I es to be Inc I uded In the 
simulation, and 

4. types of dr Ivers. 

These va I ues are pr I mar II y user-spec It I ed 
within certain I lmlts. In addition, the GEO
PRO plot output may be specified. Table 8 
prov I des a summary descr I pt Ion of the lnp ut 
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Table 8 - Input Requirements tor Pre-Simulation Processors - TEXAS 

CARD NAME PURPOSE DATA REQUIREMENTS 

TITLE Provide title of simulation User information 
( 1 per run) 

NIBA ( 1 oer run) Define no. of Inbound approaches Total inbound approaches ( max. 6) 
LIBA Identify nos. assigned for each Assign numbers 1-6 

( 1 oer run) inbound approach 
NOBA ( 1 per run) Define no. of outbound approaches Total outbound approaches 

LOBA Identify no. assigned for each Assign numbers 1-12 
( 1 oer run) outbound approach 

PARAMETER Define simu. time, min. headways, Use detau It va I ues or data from field 
(1 per run) no. vehicle & driver classes and, studies 

vehicles enterlnq correct lane 
APPROACH LOCATION Define approach location and Traf Direction (azmuith), I ength (coord In-
AND TRAFFIC FLOW fie Operation Character.istlcs of ates), no. I anes, speed Ii mi t, vol., 

( 1 per run) each approach types headway di st. and parameters, 
speed, etc. 

TRAFFIC MIX Define percent of vehicle classes Percent of vehicles In each class 
(Optional) In traffic stream by class 

LANE GEOMETRY Define lane geometrics, I ega I Lane widths, I ength, I ega I movements 
(1 tor each two movements and% traffic in ( I ett, thru, right and/or U-turn) and 

I anes) each lane at bealn of approach percent tratt I c 
ARC #1 I dentlfy number of arcs to com- Total number of arcs to be d et i n ed 

( 1 per run) plate aeometrv (max. 20) 
ARC #2 Define arc location and radius Beg In azimuth, X & Y coord In ates, de-

(1 per I lne) (curb returns, islands, etc.) gree of arc (sweep and radius) 
Line #1 Identify number of straight I Ines Total number of I Ines to be defined 

( 1 per run) required to complete aeometrv (max. 100) 
LI ne #2 Def I ne each I ine required for Begin and end X & Y coord lnates. 

(1 per I lne) ) islands, oarklna lanes. etc. 
SOR #1 Identify number of sight distance Total number of sight di stance 

( 1 oer run) restrictions restrictions (max. 20) 
SCR #2 ( 1 card Define each sight di s.tance X & Y Coord I nate of each corner (of 

per location) restriction bulldina or tree I ine) 
PLOT Define plot Into. for drawings Type of Ink pen, seal e desired, max. 

(none aDDroaches. Intersection) radius for oaths, oaoer width, etc.) 
OPTIONS Identifies whether user Is sup. Yes or no decision by user 

vehicle and/or driver class. and 
to reauest summaries by class 

DRIVER MIX Define driver mix Percent of drivers In each class 
(Optional) (max. 5) 

VEHICLE LENGTH Def lne vehicle length Length of vehicle In each class 
(Opt Iona I) 
VEHICLE Def lne vehicle operating Type of vehicle operations ( s I ug-

CHARACTERISTICS character I st i cs g I sh, average, responsive) tor each 
(Optional) class 

DECEL Define max. uniform deceleration dee el erat Ion rate (ft/sec/sec) for 
(Ootlonal) each class 
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Table 8 - Input Requirements tor Pre-Simulation Processors - TEXAS (Continued) 

CARD NAME PURPOSE DATA REQUIREMENTS 

ACCEL Def I ne max. uniform acceleration Acceleration rate (ft/sec/sec) tor 
(Optional) rate each class 

VELOCITY Def I ne maximum velocity Maximum velocity (ft/sec) tor each 
(Optional) class 

VEHICLE RADIUS Def I ne minimum turning radius Minimum turning radius (ft) tor each 
(Optional) class 
DRIVER O.F. Def I ne operating character- Type of driver (slow, average, 
(Optional) istics aaaressive) tor each class 

PIJR Define perception reaction time Driver perception reaction time tor 
(Optional) time each class 

SPECIAL VEHICLE To obtain data on a specific Time period, I ocat Ion and type of 
(Optional) vehicle and driver class vehicle. driver and speed 

Table 9 - Input Requirements tor Simulation Processor - TEXAS 

CARD NAME PURPOSE DATA REQUIREMENTS 

TITLE Prov Ide title of simulation Arbitrary name 
PARAMETER Def I ne simulation para- Time & length of simulation 

(1 per run) meters period, delay definition, car 
fol lat Ing equations, type 
trattl c control, type of sta-
tistics requested, etc. 

LANE CONTROL Define type of con tr o I tor each lane Type of control (none, yield, 
stoo. signal, etc.) 

CAM STACK #1 (one Define number of interva Is (cam Number of interva Is (cam 
per run. I f s i gna I ) stacks) for signal control stacks) in signal cycle 

CAM STACK #2 (one Define I ane control tor each inter- Phase number, interva I length 
for each interval) val or cam stack I n secs ( I t t I xed t I me) & s I g-

nal indication for each lane 
PHASE Ill (one per Define number of phases Tota I number of phases 
run, I f s I gna I ) (max. 8) 
PHASE 112 ( semi - Define timing tor street (non-actu- Min. Green, amber, al I-red 
actuated sf gna I ated) phase for semi-actuated signal in terva Is and the phase nos. 

only) which can be cleared to 
directly from this phase 

PHASE #3 (one per Define timing tor each minor phase In ltial interval, vehicle 
actuated s I gna I interval, amber & al I red 

phase) clearance, max. extension, 
skip, & recal I switches, clea-
to phase nos., type of detec-
tor connection. etc. 

PHASE 1/4 (one per Define detectors attached Detectors attached to this 
actuated phase) to each actuated phase phase and type of operation 
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format for the pre-simulation processors. A 
typical deck stack is shown in Figure 35. 

A. Tltle and a.,roaoll 
N_ ..... lnt 

Figure 35. Pre-simulation Input Deck Stack 

Input for the simulation processor consists 
of control parameters tor the simulation 
itself and specifications regarding the traf
f le control devices at the study Intersec
tion. Table 9 outl Ines the input require
ments for the simulation processor. 

A complete description of the input require
ments for the TEXAS model is given in Refer
ence 5.3. 

OPERATIONAL SIJl4ARY 

TEXAS is a microscopic, deterministic and 
stochastic time-scan simulation model. 
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Random effects are bui It Into the data stream 
by specifying various classifications of 
dr I ver-veh i c I e un I ts. As noted prev I ous I y, 
there are three major subprograms in the 
over al I model, which are discussed ind ivi du
a I ly below. 

Geotnatry Processor 

The purpose of the Geometry Processor CGEO
PRO) is to describe the physical system to be 
simulated. The attributes of the system re
ma in constant for any simulation of the phy
sical configuration input. The geometric 
configuration of the Intersection is usually 
based on the engineering data available from 
a scaled engineer Ing draw Ing of the inter
section. The only significant restrictions 
on the geometr le layout is that al I ap
proaches must be I I near, but may approach at 

US UJ ANO Cfll"IE."lffl l'IOf'D - LEf'T ANO l'IIO!'H TUIIN 8RYS - 6Ul!ILllll!lflN Ofr-PE.SIC 

,rFIL[ fRCTOII JS 11D.O ru:t PER Ut(H 

Figure 36. Typical Output of GEOPRO 
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any reasonable angle and may have no vertical 
curves. Curb radii, vehicle paths and lanes 
are al I realistically flexible and bays (or 
parking In portions of lanes) can be de
scribed as lanes which are available only for 
specified sections. 

After "constructing" the geometric layout, 
GEOPRO determines al I allowable vehicle paths 
through the intersection and ldentl fl es al I 
points of cont I let. Lane changing within the 
Intersect ion may be perm I tted as an opt Ion. 
Max I mum speeds, s I gh t di stance restrict ions 
and confl lets (including non-crossing 
conflicts, such as merges or close passing of 
opposing left-turns) are generated by GEOPRO. 
Plots of the intersection and vehicle paths 
are output by GEOPRO as are printed details 
and coded data output to tape to be used by 
the Simulation Processor. 

Drlv.--Vehlcle Processor 

As noted ear I i er, the Dr i ver-Veh I c I e Proces
sor CDVPRO) reads the same data as GEOPRO, 

this subprogram is concerned with the prepro
cessing of driver-vehicle units. The data 
are generally available from routine traffic 
studies, and were described earlier. It is 
primarily in DVPRO where the random, or sto
chastic var lat ion in the traffic stream is 
appl led. The user may specify the number of 
driver and vehicle classes (defaults are 
three and ten, respectively). Driver classes 
are, for examp I e, nonaggressi ve, norma I or 
aggressive. Veh i c I e characteristics are 
length, vehicle operational factor (e.g., 
sluggish, normal or responsive), maximum 
accel er at ion and decei er at ion rates, maximum 
speed, and turning radius. Based on the per
centage of drivers and vehicles assigned to 
each of the several classes a driver-vehicle 
class matrix is generated. The traffic 
streams (per approach) are generated by ran
dom! y assign Ing the above cl asses to each 
individual vehicle to be simulated. Thus, an 
input "queue" is built into arrays and each 
driver-vehicle unit is fully described in 
terms of the (mostly) randomly assigned 
attributes which are: 

Table 10 - TEXAS Default Driver and Vehicle Characteristics 

1 2 3 4 5 6 7 8 9 10 ------ -----
Smal I Large Sing le Fu II Bus 
Car Car unit trailer Sport 

Medium Vans, Semi- Recrea- Car 
Car Mini-bus trailer tlona I ---

Length 15 17 19 25 30 50 55 25 35 14 
Operating Characteristics Factor 100 110 110 100 85 80 75 90 85 115 
Maximum Deceleration 8 11 11 8 11 11 11 8 11 12 
Maximum Acceleration 8 9 11 8 8 7 6 6 5 14 
Maximum Velocity 150 192 200 150 160 160 150 150 125 205 
Minimum Turning Radius 20 22 24 28 42 40 45 28 28 20 

Percentage Aggressive Drivers 30 35 20 25 40 50 50 20 25 50 
Percentage Average Dr Ivers 40 35 40 50 30 40 40 30 50 40 
Percentage S I ow Dr i ver s 30 30 40 25 30 10 10 50 25 10 

Percentage in Traffic Stream 20 32 30 15 .5 .2 • 1 .2 .5 1. 5 

2 3 
Driver Cl ass and Type Aggresive Average SI ow 

Driver Character I st I cs Factor 110 100 85 
Perce tlon-Reactlon Time 0.5 1.0 1.5 
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o queue-in time (sum ot previous headways, 
or arr iva I time) 

o driver class number 

o vehicle class number 

o desired speed 

o desired outbound approach number 

o inbound lane number (inbound approach 
numbers are not randomly assigned) 

Table 10 shows the default values used tor 
the various characteristics. A variety ot 
probability distributions are used to assign 
the above attributes, as discussed in a later 
section. At present, the only major I imlta
t ions in this section are that pedestrian 
Interference Is not consi dared and there are 
no provisions tor horizontal or vertical 
curves on the approaches. 

Outputs are printed summaries ot the input 
streams and coded data written to tape tor 
use in the simulation model. 

Traffic Simulation Processor 

This subprogram (SIMPRO) is the actual simu
lation model. Using previously generated 
data stored on magnetic tape and further card 
inputs to establish parameters to be used, 
SIMPRO performs the dynamic activity computa
tions required tor the simulation. 

SIMPRO handles the physical case of any sin
gle, multi-leg, multi-lane, mixed traffic 
intersection ( including split intersections) 
either w I thout control or with any conven
t iona I type of traffic sign or signal con
trol. The model attempts to minimize pre
paratory calculations and is thus highly user 
oriented. 

The model operates on a time scan basis, 
where at every time increment ( 1/2 to one 
second) the simulated position and opera
tional status ot every driver-vehicle unit 
and (any existing) control status are up
dated, as needed. The degree ot updating 
depends on the I I kel i hood of change. For 
example, the relative actions of driver-
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vehicle units are interdependent, thus must 
be updated at every time increment. 

Some events (e.g., interval changes of traf
fic signal displays) are predictable and 
times are flagged for updating at the appro
pr iate time increment. With regard to the 
simulation time increment, the shorter the 
time, the more accurate the results. 

There are two control times of importance to 
the simulation process. The first is startup 
time, where the system is started empty and 
the simulation model proceeds to load the 
system. No statistics are recorded during 
this step. The user must input this time 
since no algorithm has yet been offered to 
reliably determine when equi I ibrium has been 
achieved. The developers have suggested 
using at least two minutes (simulated real 
time) for this step. 

The second step is tbe actual simulation 
time, which is also user specified. Due to 
the high cost of simulation (despite signifi
cant compression from real time), simulation 
times will normally be short, compared to say 
field or macroscopic studies. The developers 
recommend at least ten minutes to obtain suf
ficient results for analysis. 

The simulation process operates within the 
above time constraints in a rranner very 
closely approximating the real world. Arriv
als are random (due to the stochastically 
derived headways), decisions are dynamic 
(e.g., gap acceptance and lane changes are 
responsive to the immediate traffic environ
ment) and the car fol lowing submode! is among 
the most complex, and real istlc, of any 
ex I sting model. At each instant, the model 
makes available to the sf mu lated dr Iver his 
desired speed, destination, present position, 
speed, acceleration, deceleration (as wel I as 
the rate of change of these, referred to as 
jerk) and the relative positions and veloci
ties of adjacent vehicles. The "driver" may 
decide to maintain speed, accelerate, decel
erate or maneuver to turn or change lanes. 
The decision is dependent on the driver
vehicle characteristics, roadway geometry, 
traffic control status and the actions of 
other driver-vehicle units on the system, 
within certain realistic constraints (e.g., 
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minimum headways, prohibitions on changing to 
certain lanes, etc.). 

Of several possible decisions aval lab le, that 
race i vi ng the h I ghest pr for I ty Is based on 
the premise that drivers wish to sustain 
their desired speeds, but wil I obey traffic 
laws and will maintain safety and comfort. 
Once the decision is "made", future values of 
the position/velocity status variables are 
processed tor use by driver-vehicle units 
which are dependent upon the present unit. 

The order of processing vehicles Is based on 
their position In the system. Outbound ve
hicles are processed first, then inbound, In 
the order of least tine renainlng in the sys
tem. A simplified flow chart of the simula
tion is given in Figure 37. 

Figure 37. Generalized Flow Process for 
SIMPRO 
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COMPUTATIONAL ALG<lt1Ttt4S 

The computational capabi I I ties of TEXAS are 
extrenely complex and highly sophlstlcan,d, 
part I cu lar I y in the Slt-f'RO subprogram. In 
the interest of brevity, only the more signi
ficant algorithms are included in the subsec
tions below. 

Geom1ry Processor (GEOPRO> 

Construction of the physical layout of the 
fnn,rsection Is based simply on the appr~ 
pr Ian, connection of required arcs and I Ines. 
Of more Interest ls the rachn lque by which 
vehicles are tracked through the system. 
Coord lnaras are not used. GECPRO estab 11 shes 
a I I poss I b I e paths through the system (e.g., 
see Figure 36) and the vehicle positions are 
stored (in the simulation) on the basis of 
position In the path. When the end of a path 
is reached, the vehicle is "transferred" to 
another path (or processed out of the 
system). These are all based on simple 
geometric or trigonometric computations 
(albeit complexly interrelarad). 

The nPst significant computational rachnique 
of interest in this subprogram Is that tor 
maxi mum speed on curves (I.e., turns). The 
relationship tor maximum speed (V) Is as fol
lows: 

V = 
/ 2 

-B + B - 4AC 
2A 

(5. 1) 

For radi I greater than 300m (1000 ft.) the 
values of A, Band Care as fol lows: 

A = one ( 1) 
B = -15 x radius x (-0.001) 
C = -15 x radius x 0.190 

For radi I less than 300m (1000 ft.) the 
va I ues of A, B and C are as to I lows: 

A= 1 - (15 x radius x 0.00013951) 
B = -15 x radius x (-0.01404) 
C = -15 x radius x 0.49671 

These are based on AASHTO standards. 



Driver-Vehicle Processor CDVPRO) 

The major computat Iona I f unct Ion of DVPRO is 
to randomly assign the various driver and 
vehicle characteristics discussed earl ler. 
Probability density functions available for 
assigning headways (or arrival times) are the 
Erlang, gamma, log normal, negative exponen
tial (shifted or unshifted) and uniform. The 
driver and vehicle classes, inbound lane and 
outbound approach are ass I gned based on an 
empirical discrete distribution (e.g., per
centages of occurrence tor each cl ass). 
Desired speeds are derived from a normal 
d I str I but Ion. 

In the Interest of brevl ty, on I y one example 
of each of the stochastic processes are given 
for headway and class assignments. 

For Poisson di str lbuted arr Iva Is, the Er I ang 
probability distribution can be used to 
represent the waiting time T untl I the Kth 
arrival. This distribution Is thus the sum 
of K negative exponential var I ates with an 
Identical expected value (mean of 1/ ). The 
probabl I tty density function Is expressed as 
fol lows: 

(K-1)1 e 

0 elsewhere 

(5. 2) 

for !~8'K>~O and K>O 

WI thout deve I op Ing the entire process, ex: Is 
equal to the mean divided by the variance of 
the headways and the Er I ang var I ate, T, Is 
found by 

1 K 
T =--;log (IT 

1
RN) 

where 1T = the product of K random 
numbers (RN). 

(5.3) 

The emp Ir I ca I d I screte probab I I I ty function 
Is, as the name implies, based on field 
studies. For example, Inbound lane assign
ments wou Id be based on actua I measures of 
lane distributions. For a simple example, 
assume a two-lane approach on which P% of the 
traffic Is In lane 1 and (I-P)% In lane 2. 
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The lane assignment, L, Is determined for 
each vehicle on th Is approach simply by 

1, if RN~ P/100 
L = (5.4) 

2, if RN > P/100 

and p is w I thin the range 0-100. 

Al I characteristic assignments are rrede 
slml larly, albeit by a somewhat more sophis
ticated algorithm to account for greater num
bers of characteristics. 

Traffic Simulation Processor CSIIIPRO) 

This Is the most Important subprogram In 
TEXAS, as noted earl ler. The multitude of 
algorithms is simply too vast to Include al I 
of them- In this Handbook, thus, only 
qua 11 tat Ive comments are of tered about most 
of the computations. Only the more sal lent 
submodels are defined mathematically. 

Acceleration and deceleration are based on 
empirically validated linear models. 

Car fol lowing Is based on a nonlnteger, ml
croscop I c, genera 11 zed car fol I Of/ Ing equation 
as fol lOfls: 

where A1 = accel er at Ion or decel er at Ion 
of the i th vehicle 

V = velocity (of the 1th and 
(1-l)th, or lead, vehicles 

X = location of the 1th and 
(1-1 ) th v eh I c I es 

(X, µ, >. = empirically derived constants 

The va I ues of the parameters ex: , µ and A may 
be set by the user, but suggested va I ues are 
available. A review of Reference (5.1) Is 
suggested before estab 11 sh Ing these va I ues. 

Initial speed is based either on desired 
speed or a speed dictated by the 1raffl c 



TEXAS 

already In the lane ahead, subject to a com
pl icated logical algorithm to determine 
whether a vehicle should accelerate, deceler
ate or remain at the initial speed. 

Lane control strategies are based on a logi
cal decision process which Is dependent on 
the type of control. Dr Iver responses are 
determl ned by tr aft I c control, r I ght-of-way 
and gap acceptance (depending on control 
type), right turn-on-red and other poss I b I e 
maneuvers. A comp I ex set of al gor I thms Is 
used tor this function. 

Lane changes may be optional (e.g., to 
achieve higher speed) or forced (e.g., a path 
does not exl st from the present lane to the 
desired outbound leg). Al I optional lane 
changes are based on expected sav lngs In 
delay, but penalties are based on empirical 
data. Lane changing geometry Is also based 
on empirically val !dated trajectories. 

Operational factors such as driver classifi
cation ( e.g., degree of aggressl veness) and 
vehicle classlflcatlon (e.g., responsiveness) 
affect the s I opes of the speed change sub
model and other similar parameters. Percep
tion-reaction times affect the times at 
which decisions are Implemented. 

OUTPUTS REPCRTS 

As In the previous sections, the outputs are 
described separately for the three 
processors, plus error messages. 

Geometry Processor (GE<PRO) 

GEOPRO produces pr lnted summar les and plots 
tor Inspection and a tape with data tor use 
In SIMPRO. Printed outputs contain an echo of 
the Input data w I th conven I en t col umn head-
1 ngs and listings of sight distance restric
tions, Intersection paths and Intersection 
cont I lcts (Figure 40). 
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Figure 38. Overal I Intersection Plot 
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Figure 39. Detail Intersection Plot 



1 HOHETRY FROCESSOR FOR THE TEXIS TRIFFIC SIHUUTION PlCKIGE PIGE 

••• •~HLE~ OR. S KF.NNF.DV BLVO.-EXIST. GEOMFTRICS Ii TRIFFIC oo• FRI PH 6/78 •• 1 

Tl9.F. l L J<;TING OF INBOUND IFFP.OICH NUMBf RS 

") 

3 
lj 

TOTIL NUMBFR OF INB'1UNO IFFFIOICHES = q 

THLE ?. LI<;TING OF UUT!!CHJNO IFCROICH NUHBFR<i 

5 
6 
7 

TOTIL NUMeFR OF OUTP.OUNO IFFRUICHf.<; = 

TOTH NUMBFR OF INll(lUNO INO OUTBOUND IPPRCllCHES = 7 

L I ST I NG OF I F F R O I C HF.: <; 

IFFROltH NUHBlR -------------------
lfFROlCH I 2'TMUTH ------------------ l SO 

AEGTNNING UNTERLINF X tnORDINITE - ">00 
BEGl,.,NING r.FNTFP.LINF Y C0'1ROIN1lf - 1200 
SFHO LIMIT l'°'FHI ----------------- 30 
NUHBER OF OFGJ.£F.:<; Ff1R ST"llGHl ---- 70 
NUM~ER OF DfGPFfS F(lR U-TUPN ------ 10 

NUMRER OF llNf<i -------------------

LINF IL HlN WirJTH ---L•NF GtO~FTRY--- LfGeL TURNS 
l 1 7 C F. $C O 6 3 0 I c; I 

") 

3 
1 7 
17 

C fdO 
C fl30 

L ISTIN( '1F IRCc; IFClP FLnTTINC LNL YI 

I RC NUMB FR ----- --- ----- --- --------
CENTER X C'10ROINITF --------------- ~<,~ 
CENTtR Y CO~RD!NITF --------------- ~6<, 
BtGTNNJl-;G IZT~UTH ----------------- 50 

<;~FF INGL~ ----------------------- 90 
RIOIUS l•F IRC --------------------- 10 
ROT I nor-. F ROH Bf GIIJNING 12'IMUTH ---

<; 

Cll!CKW J<;f 

RI 

Figure 40. Example GECPRO Output Report 
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fl9LE !'i LIS TING OF LINE<; IFOR FLOTT ING ONLYl 

LIN£ NUHBFR ----------------------- 1 
SllRl X COOROINITF ---------------- q3i; 
SllRl Y COOROINITE ---------------- 555 
FNO X COORDINllf ------------------ q5q 
FNO Y COOROINIH ------------------ c;r;,; 

Hetf 6 LI<;lJNC? c,i: SIGHT DI<;TINCf RESlRJCTlf1N COOROINllFS 

SIGHT OISTINC£ RFSTPIClION NUMBER - 1 
X COORD1NtTf ---------------------- qq1 

Y COO~DJNITE. ---------------------- 'i77 

lleLE 7 l.I<;TING OF OFTIONS IND IODilIONIL rJlll 

FRIHIRY FtTHS SFtfrlEO 

NO FLOl <;t.LECTFD 

I STRllfHT LINf Will Bt USE.O Fr~ I FITH WJTH I RIOIUS Cl 'i00.00 FT 

FROCRIH CHlCl<S TC' <:ff IF THF CfNTFR TO CENTER DISHNCF 
BllWHN VFHICLF<; 8HO!'!t<; Lf<;S THIN OR FGUn TO 10 FFFT 

LISTING [1F SIGr!T DISTINCE RfSTRICtJnN ENTRif.S 

<;IGHT OISTINCE RFSTPICTION fNTRY l I<; NlfHBFR 1 FOR IPPRC11CH l 
IND INVOLVE<; IFFROIC~ 2 

IFFROICH l F Rn1o1 0 TIJ 25 Cl N <;H I? PRO I CH , F ROlol 617 TO 
IFFROICl-i 1 FRnM :._,r;; TO 'iO C IN SE. F IPF'ROICH , FRl'I' fl 7 TO 
IF FR r, IC f' 1 FRO" 'iC 1 lJ 7 <, C IN <;U I FPR(ll CH 7 FRr1H 617 Tri 
IFFRf11CH 1 F ROH 75 10 1 C C1 Cl N <;H IP PRO I CH , F Rl'!H 617 Tl' 
IFFRUICH 1 FRC1 ~ lOC 1 I) 17'i C IN SH I PPR (11 CH , FRf11' 616 TO 
IFFROICH l FROM 12'5 TO J ,;c Cl N SH IP PRO I CH 2 F ROH 616 TO 
BF FR(, IC H 1 FRO" 1'>0 Tll l 7'i C IN sn I PPRO IC H , FR Ill' El6 Tn 
IFfROICH l F R0'1 175 lll 200 Cl N <;H IPPROICH , F RnM 615 TO 
IFFROICH 1 FRfJM 20 ~ 1Li 2,i:: C IN Sf f IPPROICH , FRf1"1 61 !> TO 
IF FRO I CH l FROM 225 TO 25r. Cl N <;EE IP PRO I CH , F RnM 6lq TO 
IFFR(1ICH l FPrtM 2,; C TU 71<, C IN SE f I PPRO I CH , FRlll' 614 Tc, 
IF FRO I CH l FROM 27<, 10 30C Cl N <;H IP !'ROICH ' FRnM 611 Tn 
IFFRr•cH l FRf1M :-10 0 1 lJ 3,n; C IN <:ff I FPROI CH , FRr'I' 61? TU 
lfFROICH 1 FROM .325 TO 35C Cl N <;H Ii' PRO I CH ' FROM 611 TO 
BFFf<UICI-< l FRf'l" 3~,, T 11 .nr; C lfll <;H lf'PRDICH , F Rf11' f;l 0 TO 
IFFROICH 1 F!;c'll' 37", .10 4CC Cit, SH l;,>l'RO-CH 'l FROM 609 TO 
IFPROICH 1 FF. f1" qao 1 D q 7 r; C IN <;f F I PPRCIICH , FRI'!!' 607 Tc, 
IFFROICH l F RnM q7..a; TO .. .,c Cl N c;~F IP PROIC:H , F ROH 60'i TO 
IFFRC'ICH l FRP'1 q., 0 TO q 7<, C IN SH IFPROICH , FF.l'I' i;o·-1 Tn 
a FFRC ICH 1 F Rl"M u 75 TU 5or Cl N <;tf IP PRQICH 2 F ROI' 59q TO 
•FFR(ICH 1 FROI' <,O C Tu r,;11; C IN SH IFPROICH 7 FPOI' '>'llf Tr 
I FF RO I CH J F ROI' 525 lfJ 5<,C Cl N <;Ef IP PROICH 2 FRIIM 'i86 TO 
IFFRl11Ch 1 FRO" i;i; C Tll r.; 7'i CON <;f F I PPRlll CH 7 F Rl'I' !>7~ TO 
IFFRO ICH l F Rf1'1 ,,7., TU 6CC Cl N <;FF IP PRO I CH 2 F RIJH !;lf5 TO 

Figure 40. Examp I e GECPRO Output Report (Continued) 
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Tl 3 ~ f q LISTING OF FITHS 

FATH 1 GO~<; FROM t INf 1 UF IFeROICH 1 TO LI NF 1 OF IPPROICH 6 

LENGTH [1F FI TH = 11i; FH:.T-INl'I <;Hf 0 OF Pl'r H = q11 F E:F T PER SF CONO 

NUMBf R IH CONFL TfTS = 6 INO TUPN cnor FOR PITH IS 
STR IIGHT 

CONFLICT f. NT RV NUMBERS UROERFO RY OISTINCE: DOWN THIS PaTH 8 Rf 

'.'I 7 q r; F l 

T n~ f •lC LIS TING (1<' C(Jt,,Fl ICTS 

CONFLICT FITHJ FI TH2 IFF Rt t F FR7 OIS Tl OIST2 INGL f I NOE)( 1 INO £)(:? 

1 q l 7 l O"l 111 6 6 'i 

2 'i 1 7 B R3 98 2 6 

3 ] F 7 73 811 911 1 6 
q l 0, ~ 3q 66 JOB 3 q 

r; 1 7 I• 113 611 :?70 a, ;:, 

6 1 n q 54 67 271 5 2 

7 7 'i :? 37 9r; 96 3 !! 

8 7 c; 7 2.i 96 94 1 7 

9 7 9 l 3 31 78 96 ? 6 

1 C 7 ]7 t " 4 -~ 'i2 271 - 1 
11 7 1 3 1 " 5q 51\ 271 5 1 

12 3 6 l 7 .i8 l :-s 5 q 1 8 

13 II 6 7 3 115 73 109 3 ] 

1 " II q 7 3 52 77 88 q 1 

15 q H 2 3 37 76 gr; 7 1 
1 6 II 11 7 3 20 28 89 1 1 

17 r; A 7 3 115 117 88 3 2 

l 8 r; q 2 .i 35 (;8 9 7 5 

19 'i q 7 3 107 91 356 9 7 

70 5 1,., 7 3 37 41 88 7 2 

71 !, 1 1 7 3 70 II l 69 2 

72 'i 17 7 q 63 86 1 113 5 q 

73 r; 1 ~ 7 q lj 7 109 137 q q 

711 6 R 7 3 4q 56 q11 q q 

75 6 11'.' 7 ·, 37 56 93 2 3 

76 6 ll 7 3 1 9 511 91 1 3 

77 6 1 7 7 q 51 103 1711 5 s 
78 6 n 7 q 37 1 ;;,q 117 3 6 

79 7 1 1 7 ~ 29 811 0 1 q 

,c 8 17 3 q 87 l 31 0 5 6 
;f.lJMFTRY F RCict S SOD FOR T Hf TE)( l <; Tl> an IC SIMIJLITIO"' PICKIGf P IGE 17 

••• l<;YL£V OR. ~ II f tH!~ DY BLVO.-fXIST, HO MFT R ICS ' TR IFF IC DITI FRI FM 6/H • • 1 

H 8 n 3 q qq 111 110 1 c; 

l2 q 1 7 3 II ~o 79 176 _3 ~ 

:D q I ~ q n <12 108 2 3 
,11 lC 1 3 'I ~ 62 1,;2 0 II 7 

TUT IL NUHBF R OF r.nNFLICTS = 311 

Figure 40. Example GECf>RO Output Report (Continued) 
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Plots include an overal I layout of the 
system (Figure 38), the Intersection detail 
and vehicle paths tor each approach (a single 
example of which Is shown In Figure 39). The 
composite vehicle paths, showing al I poten
tial conflicts can also be plotted, an exam
ple of which (tor a different case) was shown 
in Figure 36. The plots may be interactively 
displayed on a CRT screen as wel I, It appro
priate hardware exists. 

The tape tor SIMPRO contains extensive de
tal ls needed tor the simulation. These data 
may also be written to disk storage It 
desired. 

Driver-Vehicle Processor (DVPRO) 

Printed and tape outputs are Issued by DVPRO. 
Some of the same Input data discussed above 
are printed since both GEOPRO and DVPRO use 
the same input card deck. However, error 
checks are peculiar to the separate 
processors. 

The pr lnted output that are the dr lver
vehicl e tables are Illustrated In Figure 41. 

Traffic Simulation Processor (Sl~O~ 

A siml lar Input data echo Is Issued by 
SIMPRO, but tor the cards input exclusively 
tor this subprogram. Other Input data 
reports also provide more readable formats of 
the data tor the system (Figure 42) and the 
traffic control. 

The summary statistics tor each approach, as 
wel I as the whole Intersection, are reported. 
Traffic control statistics are also output, 
as appropriate. Finally, the printed output 
contains summary statistics of the simulation 
run i tsel t. 

Punched card outputs Inc I ude the data 11 sted 
In Figure 42. Specialized evaluation pro
grams or existing statistical packages (SPSS, 
SAS, etc.) cou Id be used to eva I uate the 
results of alternative simulations. 

Diagnostic Messages 

Each processor has Its own set of error mes
sages, which are too numerous to list here. 
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The three processors have 59, 62 and 81 Input 
data error messages, respectively. Unfortun
ately, once an error Is detected, it is re
ported and execut Ion stops. Th Is cou Id re
su It in several runs to "debug" the Input 
data. 

Some errors are only detectable during execu
tion In SIMPRO. These are likewise reported 
and the simulation Is terminated. 

ADDITIONAL FEATURES 

The TEXAS simulation model produces a real
istic simulation of Intersection operations. 
The var lety of Inputs and outputs have been 
discussed previously and those discussions 
covered most of the ava 11 ab I e opt ions. A 
summary review of these would appear to be 
warranted, however. 

1. Geometry - any feasible design of a 
single Intersection Including divided 
highways which operate under a single 
signal controller, parking lanes, turn 
bays and channels. 

2. Driver-vehicle units - extremely flexible 
classltlcatlons, al I randomly assigned. 

3. Turning - lane changes; right and left
on-red; U-turns, protected, perml ssl ve 
and unprotected. 

4. Traff I c Control - no control; stop or 
yield sign control; and/or fixed time, 
semi-actuated or tu I I-actuated sl gnal 
control. The latter nay be based on 
detector cal Is set In the pulse or 
presence modes. 

5. Outputs - printed Input data, Intermedi
ate results and sumnery statistics of 
traffic I-OE; I lne plots of geometrics, 
turning movements and sight- distance 
restrictions; and Interactive graphics 
displays. Additionally, punched card 
outputs can be obtained for use In evalu
ating alternative designs or control 
strategies using other computer pro
grams. 



lt·eLE ORIVER-VFHTCLF FPGCESSOR 1JF1In11c; 

TIMf FOR GFNF RI Til\,r VEHICLt<. I ~1Tt<I ---- l'i 
MIN!HUH Hll CWIY FOR VEHICLES ISFC I ---- 1.0 
NUMBER flF Vl HICLF CL IS<;fS ------------- 10 
~UMBER OF DRIVER Ct•SSE<; -------------- 1 

FERCENT £1F LfFT TL:Dl,S 1~ "tDIIN L•~l -- fO. 
HRCH,T Of RIGHI TUPNS IN CURH llNf --- ~O. 

L I'iTHIC f1F IFFROICHE S 

IFFRQICH l',UHBER ----------------------- 1 
IFFPOICH 17IHUTH ---------------------- l fO 

NUMBER OF LINf<; ----------------------- l 
NUMBER rF OlCRIFS FnR STRIIGHT -------- ;;o 
HllOWIY OISTRIBUTIOJI; Nl~F ------------- SNl'GEXP 

fQU'VILf hl HOURLY Vf'LU"E IVFHI --------
1 FFro•CH Ml IN SFH O IMF,il ------------
IFFROICH B'i FEPCfJl;TTlf <;FFfO (MFHI ----

UUTBOUf-,;0 IFFPf' fCH -IWM•l, ---------
HPCFt.T GUI~G rn nUTBIJUNO lfCR£l•CHt c; -
USt~ <;UFFLI>D FtRrF~T VF VtHICltS ----

Vfl,l CLF CL o<;c; t:U"IBtR -------------
FRU~RI~ ~UFFLifn FF~CENI rF VfHTCLtS -
FERCENT OF TRIFF IC FNH~ING ON l lNt l -

10<.;7 
~,. 0 
, c;.o 
~ 

o. 
11(1 

1 
2 o.o 

I 1 • 

FfPCfl\T OF TRIFFIC FNHR!NG ON Llt<F ? - 3q. 
FFRCENT IJF l~IFFir FNH<;INL f1N LH:i ·, - :~,. 

[ 

'i6o 

? 
.P.O 

7 
qq. 

.! q 

lO.O 1~.o 

ICUR6 llNf I 

nPIVER 1Nf1 VfHtrLt CLl<;S CHl"IClf~I<;llCS 

UStD SUFFLH 11 OPIVFr CL a,;<; ,FLIT -----
U<;fJ; SUFFLifO VtHHlf CrilRICHrTSTIC<; -
UStP Si,;FfLit.O ORIVFI' CH!RICHRJ,;trr< --

V~HICLf CLl<;c; ,iu~BFr -------------
VFHIClt Ll•GGUT su~nRY H9i.Jf<;TFr. -----

CRIVf~ CL I<;<; MJ~9H, --------------
n~IVER LntrUT c;u~MOPV Pf0Uf<Tf0 -------

nR:v£J; CL I<;<; SFL IT 

r-.r, 
NO 

Ml 
1 ? 

N[' h(I 

I ') 

M' Vf S 

I 
y F<; 

3 
N[J 

I FPOGRlt'! <; Uf'F L!F 0 v•LuF, 1 

0 RI Vt P CL I<;<; ~ LH&f P. --------------- :; 3 

VlH!CU CL•<;<; ~UMBt P. 1 ----------- ~ o.o 110. [I 30, U 

VE HI CL F CL ec; <; •:u~BtP 2 ----------- l'i. 0 J'i .o 1 o. 0 

VEH:cu CL• ~<; •uMBt R .I ----------- 70.0 110. rJ 40 .o 
VFHICU CLVi, NU~Bt R • ---------·- 2~, 0 ',0,0 2~.o 
VE HICLt CL I <;S M;Met J; ~ ----------- q o.o 30.0 10.0 

VE HI CU CL•~<; ,:c,~Bf R r, ----------- 'ill. 0 ctO.U 1 o. 0 
VEHTCLt CL! ss ~UMBt r ----------- c;o.o oo,o 10.0 

VF Hl CLF CL I<;<; NU~Bl 1 & ------- ---- 70 .o JO.O so.o 
VEH'CU CL!<<; t•UHBt R ~ ----------- ? '°1.0 ~o.o ?'i.O 

HHlClf CLl5S ~ UM Rt R lC ----------- '\O • 0 qo.o 10. 0 

VlH! CLF CL.fl,. C Tf RT, 1 re< 
Ir r11G I'll< q:pp L 1F 0 VILUt<; I 

Vl H;C Lt rL. << f.U~H P --------------
LE~GIH Of VfHTCLfS lfll ----------
VtH!Clf OFF~ITHJt,IL FACTOR-------
HIXIHUM OfCFLFPIJIP~ CFT/Stf/SfCl -
l'IXJHUI' ICCtlfPIJIIIN (Flt<;FC/SECI -
HIXJHUM VELOCITY lfT/<tCI --------
~I~I MUM lURt<INt' RIOIU<; IFTI -------

1 

,~ 
10 0 

A 
8 

l •.O 
). 0 

? 3 

1 7 ts 
110 110 

11 11 
'I 11 

1 q7 200 
2? zq 

ORIVER CHIPICTf rJ,TICS 
IFPOGPIH ~UPPLIFO VlllJt'.<;I 

ORlVF.ll CL l<;S NIJM8£R --------------- 1 ? 3 

ORlVPl OF£~•TIONIL FICJOJ; --------- 110 100 8'§ 
OPIVER REICTION llHf ISfCI -------- 0o'i lo0 lo'i 

q 

Yf S 

q 

~'i 

I 00 
8 
8 

l ~O 
?8 

0.<>0 

~ ,; 
o.c; 0.2 

'i F= 
YFS NP 

., F. 

~0 'iO 

8'i 80 
11 11 

8 7 
160 160 

q2 q0 

Figure 41. Example DVPRO Output Report 
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7 8 q 10 
0.1 O.? n.'i l • 'i 

7 8 q 10 
NL NP YES 11:( 

7 P. q 10 

5~ 2! -,~ l" 
75 '!O 8'i 115 
11 e ll l? 

6 F. 'i h 
l50 1 r;o 17~ 705 

~'i ?8 ?8 ?0 
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llBLE r. H fllf ROT ION nF 9FFROICH Hf I ow• Y'i 

•FF RC.! r. t< Ol'iTF IBUTTl'N NU~~t~ V!ILUIIF INf'Ul F'tRUNT 

NUM8fil NI MF GFN[RITFC GfNflHTEO vnL UHF OTFFF RENCF 

1 SrJf GFY r 11~ 1112 106 7 q.22 

2 SUGF H ?~1 L1 e::<\f qo~ '• II _i 
SNfGfYF 1 ?1 • aq 'ilO -8.J;R 

• S~f GF xr 1ac 770 101 -3.F1 

T11TIL f, l < .• 7">7 :•?OS o.o~ 

TH_ f t YF ~It: I Tl rt· IJ!'= <;F H j IL Cl9 S 

011 .. ~ VFH![lf CRTVti< V•LnCilY ou1enuNo IN 80Uls0 LI NE LIJGOUT NUTF 
CL a<;<; (l O<< f FF<t IFFF'~lff< lf'PRUICli ~n • F'RINT 

• & C. CO ~ 1 ~ 1 3 1 7 

'4 BO .l4 6 q l'i 7 3 I ]q 

l BO .06 "' 1', 1 3 1 4 

170 • 00 ~ l ', ., 7 • '1 

;,c. cc 9 l !'> ., 2 q l 1 .I 

NlllF tHLINllI!•N l'F !Hf l;L:HISI 

7 <;Ff.Clll VHHrlt I< !'HO 1'' 
1.1 SFFCIIL VftHrLf IS IN'ifl>lFO 
JO HtlOWIY LF"< THI!: 1,C 'IC<'NO< fRr.H PF:FVIUUS Vf.HICLF flN Sll'F IPPROICH IND LINf 

<;fFC!IL VFHICLE ~f IOWIY INC'lf •s~o T(J 1,0 SFCUND<; 

1 H Lf a FI NOL • ffOf•I CH VllL UMf < 

s< ► er•L V • HT Cl F < tf NFR ITFO VtHICLf< TO TIL Vl H ICL F S 

---------------------- ------ --------------- ----------------------
IFFP.OICH !;UM BER •r•R vnL U" t rnr. '-Ul<BFR Fl"R VULUIH FllF NUl'Bf R FOR VCLUHf FOR 

NUV BER SiflllU:,. ITir.N SI'4Ul 11!1'" SJ 14U LIT lnl• SIHULITinN SIHULI TTrN SIHULITION 

l C 0 ,10 1112 778 1111 
2 1 • ,3• q~f 7~5 ... 0 

C C \ 71 qe11 111 11aq 

• l~CI 720 181 1?11 

ll·lll 7 e ~l~ .i? 57 Al~ 3:>f-0 

7 SFlr:•L Vf>ilCUS ~FPF RHO I" 
C SHrIIL VfHlCLf<; llf~F F.LIMTN11Fll 

HU lhlfR<;fClIUN HI<. JI!< oH,<;ITY OF no; VFHICLfS PER HlLF 
JRIVfR-VlH!CU FRUCf<;<r,r. fl.1F; TKf. TtXIS lPIFFTC SIMULlllON PICl<IGl Plfcf F 

••• IS"LEY OP.~ l<fNNFnY 8LVC,-FXI51, Gt[11',fTPIC<; i TF.IFFIC 0111 FRI PH 6/78 •• 1 

11 HE 9 

IFfPOICH ~H nsnr< 

IFFRQICH hU~BfP. -----------------------
OUlPOUNO IFF~r.•CH NUM~lr ---------

Ff.RCU,11 GOING 10 flUTaOUNO H~ROICHt·s --

, 
~ 1 

o.o !,3.G II 6.11 

INPUT 
VCL UMF 

Vl HJCLf r.L I<!'- l,;LIMet fl -------------
GfNF RITl Oh HRCtll,l OF VtHICUS -------
FF.RClNl UF IRIFFIC fNTtqINC. UN llhE l -

1 ? 3 " .. F 1 8 q 10 

FF.RCENT OF TPIFFIC fNTtrlNG nN LINt ~ -
FERCEhl OF IRIFFJC fNH:HNG Ot. LINf .S -

18.0 
7 c.9 

~ f, 3 
:n .a 

1-. 06 32.7 11.s o." o. 0 o.o 

IHfOIIN LH•f I 

I CL•Re LINEI 

Figure 41. Example DVPRO Output Report (Continued) 
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START-LF T~Mt. (H!NUH'i I --------------------------
Sl~ULITI~~ TIHF IHJNUlfS) ------------------------
'ST£F H-Cf.£HN1 FM c;;1HULITinN THlt tStCUNoc:;1 ------

SFEEC !!'(J: CFLIY eFLOlii xx HFH IHFHI ---------------

MAXIHI" CLEIR OlSTINCF FUR BF!NG IN I QUf.UF IFTJ -

CU FCLLOING FQUITIO~ Lif,1801 --------------------
CII~ FllL □ ,HNG fQUITI(IN HU ------------------------
CAil FCLLOJNG EGUITIUN HF:-U ----------------------

51.'filp,iAPY 5lfTISTICS FRINTEO 8"Y TURNING l'10\ffl'lfN1S --
c;;lJ~MIRY STITISTICS Ff:.INTEO BY INB(JUNO tfFR("llrh ----

FlJIIH'.H:, O:JTFUT OF ~TITJC.Tico::: ---------------------

WRIT: TIP~ FOR FULLUJION OJC.FH'Sif1"' t-!lJ~FL --------

t:.AO TI·it:: :IF FOR CONFLirT CHHtc.I~C lSfCl1Nl"ISI ----
LA( TH£ (If FOR CONFLICT CHHf<ING fSFCnNOO:::I ------

lN1ER5'E'CllCN lRHFlC CONlROL ----------------------

1 o. 00 

10. OU 

7 • 80000 
(I .80000 

ft OOIJ .. 00000 

lqp,iJ-ICTUITFn ~H'NILI 
LINE :OlfJQOL FOR TH£ 21 l lNfC:: = 'i "i ir, ir, i; '"· i; 'i r., "' 'i ir, ~ 1 1 l 1 1 J 1 1 

C U·EH 1 = OUlBOUt-iO IOR J!LOCI-IEO INBOtJNOI LH~f 
2 = UNCflNTROllfO 
J = YIF LO c;IG'I 
ft = STOF SIGN 

SIG Nfl 
6 s1rcN•t WITH l~FT TURN ni,.- !.:F0 
7 : O:.IGNIL WIT-I RIGHI TURt.l ON R£1) 

• TOTIL O' • COH '.t;T J CM ENTRTFC:: 

ENTRY I F'-USf " •• I? " or, JG or, " •• 
ENTRY , FJ-ISt: .. .. II II 

ENT RY ! HISE: 
EM TRY • HIS£ , IG ID .. •• ID 

':NTRY 5 PHSE. , 
ENTR't ' HIS£ , " ENTRY ' HISE: ,, •• •• IC •• 
ENTRY ' HISE .. 
SU"INIRY STITJSTJCS FDR ILL IFFPrltHfS 

TOTIL CELl'f IVEH1Cl£-'5ECONOSI --------------------
N:.HtBEr:i JF VEHICLES lfHUARING TOTAL DHIY ---------
PfRCEt-l Cf VEHIClf<i INCURR[NG TOTIL OELIY ----•-•-
Ai':: R•~E TOTH OHIY ISECONOSI -------·------------
AVEfUE[ Hlll OELIY/IVfl:UGE TQIVEl TIHE -----------

QUEUE DH I 'r IVfHICl f-SfCONC SI - ---- --- ------------
NU111j8£ R JF HHICLES INCURRI~G CUFUE OHl'f ---------
PE{'CHT Cf VEHICHS INCURRI~G OUEUE Ot.llY --------
A-.'EP13E &:.EU£ DEllY l'ifCONOSI ------••---------••-
AVERIH IHEUf DELIY/IVERIGE TRIVEl TtM.f -----------

~lC!fPEC HUY I VEHlCLE-'iECONOS I ------------------
N:JllljBE~ JF VEHICLES INCURRING c:;JOFFFO OFLtY -------
PERCEH Cf VEHI CLE<i JNCURRI NG 'iTOFFfO Of LIV ------
AVERlSE' Sf'JFFED OfllY 1 'iECONO<:I -------------------
AVERHE STCFPEO OfllY/IVEPIGf TRIVEL TUH: ... _ .. _____ _ 

DEL•Y enn tc. 0 HFH I YEHtCLF-S£CON0'51 -----------
N:JHBEr:i )F _,fHlCLES INCUPRH."G r'lfll'r !!FLOW JC'.O MFH -
PERCEn (F VEHICLE.'i INCURRING OELIY AELOW 10.0 MPH 
AVEAI.S! ):'.ll'f BELOW 10.0 lffH p::fCCNOC::J -----------
AVERHE CHIV BELOW tO.C !"l'FH/IVERICE T!HVF.l lIMf --

VEt-:JCLE-~llES OF TRIVH --------------------------
Alt':::PIGE 1,1:uctf-HILES Of TRIVF"L ------------------
TRAVEL THE IVEHICLF-SECONOSI --------------------

AVER ISE fQt VEL TI Hf I <:f CONO'i I -------------------- -
NUMBEf. CF \"EHICLfS FRO CE SSE O ---------------------
V:JLU-Mt" PRJCESSEO IVEHICL[<;/HOLRJ -----------------
Tlfil[ ~£ U 5PEE O 01FH I = 14£ IN OF ILL VUtICLf SF EEO S 

SPHE M!I~ SFEfO IHFHI: lOT "'lST I TCJJ fRIVfl Til'lt 
AVEAHE DE!IAED SHED IHFHJ ----------------------
AVERlSE llljllt'IHUl'I ICCH(RITION IFTISH/SFCI --------
AVEAl(;E' l'l)lHUH OECElfRITION lfl/SEC/SECJ --------

OVERILL •HRIGF TOTIL OHIY (<;fCONO'il ------------
OV[Rllt HERIGE QUf Uf OfllY C~FCONO~I ------------
OVERlll lV!R16£ STOFFfO OHIY ISECONOS) ----------
CVERlll •HRIGF OEllY ennw ic.o HFM ISECnNOSJ ----

Nl:f'll'[j; Cf COLLISION~ -----------------------------
NJMBER JF 'JFHICLES £LININIT£0 ILH"E FULLI --------
AVERUE (f tnGI~ SFHO/OFSIREO <:;FHO IFfRrFNTJ ----

Fl gure 42. 

•• •• •• " 
II 

•• IP IG .. 
IG 

'• •R •R IR 

1t>ft50.6 ... 
100, 0 

.. ,. 3 

liS. t PERCENT 

75Jq7. 0 
~19 

AO.Ei 
110. 9 
60. 2 PFRCt: t.T 

18716.D 
,1• 

A0.6 
1C.l 
..... 3 PERtfkT 

~0111 ,. 0 
~77 

eq.6 
ir,; .3 
614 • J PFRCFNI 

1n.;,ui 
0.~B 

Cj2.SB.l 
BJ .3 ... 

H?n.o 
1 o.CJ ... 
77. 8 , .. 

3.2 

Example S11\PRO Output Report 
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C:Ll"~IFY ':l!ll'SllC.<; Fu• <;t~I-•r1u~1tc <;!Gr:tl 

P'All\ <lF[(l fHISf ~.\JME!~R --------------------------
"lflIN ,;;pr::::T 1-1111:lMU"" t<:<:;t.'Rf[) (PHN l<;lLDNOo:;;I ------- 71-,.'i 
MAI~ <:ll<[El &""P,FR rt~!RH.CF ;~•TfPllil l'SfCflt~O<;J ---- 11."i 
'!&.IN ,:;1~:::1 ILL-~t[) Ct~ !F.@~:CF TNT~R\IIL C<;~f[)Nll51 -- o.O 
MP.H, ':H(fl NU"18fR !lf !:HI<;~<; ru I>?• r, 111 ----------- ? 
'!AlN t;TR"::::T LI<;T (7F FHl<;f <: flr!RUi T[• ------------- ;t 

H"BEF rF ~•IN Sl~ffl GREFN F<.jf<;t<;----------------- 7 
AJCFH::'. L:'ICTl-1 (lF MII~ ql'.lf-FT (:l'.lfH> l~f((,r,.;r,<:;J ----- 78,(J 

'51C~ll Ft-t"f NU~P.FF ------------------------------- 7. 
INITPL J';lfRVIL lq([NOSI ------------------------ <,,O 
v:.~n:;L~ J"lffQ\lll !qff'NDS) ------------------------ £.7 
A!"CER CL£!qNCF It.lFRVIL l<;;Frn~·o<;I ---------------- 11."i 
A~L-R:J C~~!RINCF HIHRVH l<"Ff[,t,;C".;I -------------- 0,0 
,.A)llPllt' £)11H'i .. 1"UN !fHR r,fM8N!; mi qrn 1St.C01'10"'1 --- H.~ 
Si<lf-PilS:. '>WITCH IN,/(IFF 1 ------------------------ UN 
AL;l[-f;.ICC•Ll S"'!lCH ION/OFFI ----------------------- OFtc 
fliPENT/-!l'lllR r-nVEMfNl FHISt LFllUt', tnsn,r 1 1 ------- r-.r1 
SL.AL L;FT fFTint-. tYfS/M11 ------------------------- NU 
::i:.n::roq :'1NN(Cll(11\ TYFE {&t,.n1rii:.1 ----------------- (Jfi 

~L,.BEF: rF rtH.rTf'lR<:; cnt..t,,Ffffn Tn f'-ll<:;1- ------------ 1 
NJ~9i:~ H CHlSfS CLFIP.Hl T[ -----------------------

1 

Llq re f1-8SfS CLt_!RFll TU-------------------------
LViT JF ):'.Ttcl!1RS CONNl-[TFn H FH&C:,f -------------
t..Ll"'BE!: lf l'•x-nUT<:; --------------------------------
Ai:P1::: Tl'-lt pnn fH&C::.f F(IP !"DX-fJUl CS(COt-.ClSI ----- ,.~.CJ 
1\1.P,,E[f (F rtf-nUl"> -------------------------------- ll 
Ai:'Ra;;~ ll'H INTrl fHfq Fr~ c:er-11u1 ISEC[l~,nc:,1 ----- ?b. i 

SIGN8L ;:-41q NUMBE f ------------------------------- :\ 
H.llJfl HltRVH 1<:;FCL1t-.rJSI ------------------------ ~.O 

v:.~ICLZ- l'{TfRVIL cqcriNDSI ------------------------ 2.1 
A!'i9ER ClfVi8NCf INlfrlVIL (<;,FCM'Q<-,1 -----------.----- ij."i 
ALL-R:J c~= IRlt\CE 1NHRV1l IC::.Hl1NOSI -------------- o.n 
!O)lf'L!" OH-N<;!ON •FH ~ Ot/'UNO ON 'HI) IS~.cnN0<:;1 --- ·n.'i 
<;KlF-=YtS: <;WITCH ([1N/f1FF I ------------------------ UN 
AL. lr-H Ct LL <;W1 TCl-1 tOt,/OfF I --------------------- -- UFF 

FAtlENT/H\llR t-rVtMtNl FHt<::f [,fTIUN tH<;/N[•I ------- NI• 
CLAL Lrfl rfTION tYf<;/MJI ------------------------- NO 
J.:HCl'.'JCI '.:'.lNNFCTIClN TYFE CtNrur·r:1 ----------------- OR 
P..LP'BEf rF fl'H ClllR'- CUNNFCTrn TO F,-Uc::.t ------------
NJ"'l3[~ F ~Hl<".f'; CLFIRfD l'll -----------------------
l l!=-T fC' FH<;f<;. CltlGFO TO-------------------------
tl<:;J JF' ):TFC.TrP<; C.ONMrTFO Tr• FHIC:,f --------------
P..L!"8(!1 CF ~•x-nul'-i -------------------------------- 1 

A>J':.J:;•:.: l!'lt INTlJ FtHSt F[lP i,-:o-uul l~tC(·NOSI ----- ~.!.fl 
P..Lt'B[i; [F OF-OUT<:; -------------------------------- 0 
Ai~!n::.: Tl"E INH1 fHl<;t f[ll:1 E:H-(11,;l l~fCM,O<:;I ----- 0.0 

1 <:IMuLnioN FIHl(f<;<:;nG FOR 11,fF Hx@<;; lRHFIC <;;I!'IULITION PICt<'6E 

lflC.CCC St C0":P.(-

77C.r!'IC <;f C(H-HJS t,,Ul'10tR r;F VtHI[Lf<;; FPl1ftSSl'O 

\IU'\~:1 ll" VtHICL~<; I~ lHF <;YSltto\ lT <;UMMll'<Y 7~ 
IHI-Ht t.UfH!Hl N Vl'"IJrtr:c::. IN 11-4f <:;y<;TfM -- = 7'\oij MIX= 'H 

l'HTI!l 1, l l I",~ :J.?.C.~ q-LH:lJ~ rt•<:: T C ' 0 • 0 ~ 

t; Tl Rl - UF Te rn:r r.~n <:;tC(ltd.lS lOC: l C ' 1.1ti 

Af.1L/11" 71 • ~ 81 

<lHL'llllN TM TI Mt ijr,q;q <;fC. ONC<; r.u~, ' 6. 82 

Pftl/H' 1 7. ',(311 

~ U"I "It:- Y '" TH~t r..1117 <::f Cfl"-10~, f(:<; T ' o. 01 

l( 11 l TH TI"'f ij7 0 Sll7 <:; ► C ('tNQ<:; cnc;T I 1. ':17 

\El-lfLf-,;;F"CUNt<:; OF SIMULtlIO~ FfR lM TI Ht 1 '17 q. 7qj 

\£1-ICLE u~O•Tf <; f>R TM Tl"'f C 117q.7•H 

Figure 42. Example Sl~RO Output Report (Continued) 
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GEOPRO and SIMPRO use a special storage-man
agement and logic-processing program called 
COLEASE (COordinated !_ogle _Intity Attribute 
..?._imulation _Invironment). This program accom
p Ii shes two objectives: (I) It prov I des a 
mechan Ism which maxi ml zes computer b It usage 
( storage) by d I sregard ing norma I word bound
aries and (2) it establishes an efficient 
means for processing logical binary networks. 
By maximizing computer bit usage, the amount 
of storage is reduced with an associated in
crease In computer time required tor the 
packing and unpacking of variables. The 
Fortran code that Is part of the TEXAS Model 
and generated by COLEASE w i I I run on any 
computer that has a Fortran compiler. To 
reduce computer time, these COLEASE generated 
Fortran rout Ines have a I so been coded in 
machine language tor CIJC and IBM computers. 
These routines are completely transparent to 
the users of the TEXAS Model. 

APPLICATIONS AND LIMITATIONS 

The TEXAS Model analyzes a variety of condi
tions. Alternative geometric strategies, 
vehicle mixes and traffic control strategies 
can al I be Investigated. While separate runs 
are required for the three ma in processors, 
many runs cou Id be made, say, w I th the Trat
t i c Simulation Processor, using the same 
outputs of the two preprocessors. 

Whl le the TEXAS Model is extremely versatile 
and powerf u I , sever a I I I ml tat ions warrant 
notice. First is the absence of any effect 
by pedestrians. Al I-red signal phases can be 
modeled for pedestrian intervals at signal
I zed intersections, but the interference to 
tratf I c by pedestr I ans mov Ing si mu I taneous I y 
cannot be simulated. 

Approaches must be straight and (essentially) 
at zero grade. In reality, many intersec
tions have approaches on grades, which affect 
acceleration and deceleration. This can be 
compensated for somewhat by us Ing d I tferent 
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headway distributions or parameters tor the 
effected approaches, but automatic 
adjustments would be more convenient • 

External preemption of traffic signals cannot 
be modeled (e.g., bridge, RR or fire preemp
tion). 

No estimates of fuel consllllption or vehicle 
exhaust emi sslons are present I y Inc I uded in 
the model; however, the Center for Highway 
Research is presently programming a fuel con
sumption and emissions submode! to add to the 
traffic simulator. 

Finally, there is no prov1s1on tor coordina
tion, or even the effect of adjacent signals. 
Nearby signals will clearly affect the arriv
al patterns, tending to establish platoons. 
Despite the impressive variety of available 
arrival distributions, this type of effect 
cannot be simulated except by direct user in
put (special vehicles) of driver-vehicle 
un i ts to OVPRO. 

Despite these several limitations, the TEXAS 
intersection simulation model is an extremely 
powerful tool for the practicing traffic 
engineer. 

EXJIM>LE APPLICATION 

The prev I ous inter sect ion ex amp I e prob I em of 
l\shley Drive and Kennedy Boulevard, used for 
the-SOAP model, was also selected to Illus
trate the use and capabilities of the TEXAS 
model. The following describes the problem 
and the use of TEXAS to eva I uate exist Ing and 
alternative intersection operation. 

Probl• Description 

The intersection location, geometr le and 
traffic control characteristics are the same 
as that described in Chapter 4, page 50. It 
Is desired to determine If new signal timing 
would improve traffic flow and to determine 
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what benefits wou Id occur if the curb return 
radius on the northwest corner were in
creased. 

Analysis of Existing Conditions 

As with al I rrodels, it Is desirable to code 
the input data required to simulate existing 
conditions. This not only provides a basis 
for determining the acceptability of the 
model but also as the basis for evaluating 
the alternatives. 

The first step in coding data for existing 
conditions Is to obtain a scaled drawing of 
the Intersection geometr lcs. To code data, 
It Is necessary to define approaches, I anes 
and detectors by numbers. To assist the user 
In coding data It is useful to indicate these 
directly on the plans or a sketch. Figure 43 
illustrates the coding .system used for this 
problem. ( In actual practice a 111 = 20 1 

scale plan was utilized.) 

The geometr lcs of the intersection are coded 
based upon a coord I nate system. For th Is 
problem, a system of coordinates was assigned 
to insure that al I coordinates would be posi
tive numbers. 

In addition to the geometric configuration, 
It was also necessary to define approach vol
umes, percent in each lane, turn Ing volumes, 
speeds, etc. Figure 44 I I lustrates the 
standard cod Ing forms and coded data required 
to represent the example Intersection 
prob I em. 

To code the data required by the geometry and 
driver-vehicle processor was a fairly 
straightforward procedure with few areas of 
difficulty. Since no special studies had 
been conducted of the mix of vehicle classes 
and driver· character lstics within the urban 
area, It was necessary to use the defau It 
values. However, convnunitles who use the 
TEXAS Model extensively would want to conduct 
some reseach to deter ml ne if any changes are 
needed to reflect local conditions. Some 
judgement was a I so necessary to code headway 
distributions. There is a supplemental pro
gram (DISFIT) which Is available to determine 
the best flt to an existing distrlbu-
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tlon. However, sl nee actua I data were not 
available, the user rranual recommendations 
for medium to high volumes were utilized. A 
slml lar problem occurred in coding the data 
for the simulation processor where it was 
also necessary to use the user rranual 
recommendations on car-fol lowing equation 
parameters. 

Some problems did occur during execution of 
the rrodel because of coding errors and sever
al runs were required. Most errors were re
lated to coordinates for some of the geomet
r le features as wel I as Improper cod Ing of 
some clearance Intervals for changes In 
signal indications. 

Figure 45 i I lustrates the graphical output 
obta lned from TEXAS Model show Ing Intersec
tion geometry and vehlcl e 110vements. Other· 
plots obtained were shown previously in 
Figures 38 and 39. 

Over 16 pages of printout are provided by the 
geometry processor and 8 pages by the driver 
vehicle processor. These data are basically 
a description of the input data and are use
ful for determining If data was properly 
coded and for Identifying possible errors as 
wel I as a source I I st Ing of Input data var l
ab les. Portions of thl s output are shown In 
FI gures 40 and 41 as examp I e output and have 
not been repeated here. 

Figure 46 presents summary statistics of the 
simulation processor for existing conditons. 
There were actually twenty-three pages of 
output, however on I y the portions concern Ing 
overal I intersection operation and operating 
character I st I cs on the north ap,proach C wh I ch 
wou Id be affected by geometric improvements) 
were Included. 

These statistics should be compared with 
observed field data to determine if the model 
does represent actua I traffl c operation. 
Data which could be useful for this compari
son would Include data obtained from a typi
cal intersection delay study (Reference 
4.10). Fie Id data shou Id be obtained on a 
per lane, as wel I as on per approach, bas Is. 
Since this study was not done for this loca
tion, a comparison is not possible. 
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Figure 43. TEXAS Intersection Data-Ashley Dr & Kennedy Blvd. 
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TEXRS STRTE DEPARTMENT OF HIGHWAYS RN □ PUBLIC TRRNSPORTRTION 

THE TEXRS MODEL FOR INTERSECTION lRRFFIC 

SHEET / Of //{ 

)RTE~~ 
PREPARED BY ~ 

GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT - FORM I 

TITLE CARO l MRNORTORY l 

NUMBER OF IN80UNO APPROACHES (MRNDRTORYl 

LIST OF INBOUND APPROACHES (MANDATORY l 

I NBOUNO FPPRORCH NUMBER 

NUMBER OF OUTBOUND APPROACHES l MRNORTORY l 

LIST OF OUTBOUND PPPRORCHE~ (MRNORTORYJ 

OUTBOUND RPPRORCH NUMBER 

PROGRAM 1522l7A ANO 1522178 

2<cl01AL 
12 •= Sl"IJL 
Sl"ULAllON 

i~\~~gt~L 

ORDER OF INPUT CARDS 

NUM MIO CARO Tl TLE 

M TITLE CARO 
M NUMBER OF INBOUND ApPROACHES 
M LIST OF INBOUND APPROACHES 

NUMBEP. OF OUTBOUND APPROACHES 
L!ST OF OUTBOUND APPROACHES 

M PARAMETERS OPT JON CARO 
APPROACH CARO ---- GR')UPEO 
TRAFFIC r1!X CARO - GROUPED 

11 LANE CARO -------- GROUPED 
ARC CARO 1 
ARC CARO 2 
LINE CARC I 
LI NE CARD 2 
SOR CARO I 
SOR rnRo 2 

M PLOT CRRD 
M OPT IONS CARD 
C DRIVER MIX CARO 
0 VEH l CLE LENGTH CARD 
0 VEHICLE OPERAT !ONAL CHARACTERISTIC CARO 

VEHICLE MAXlM~;-1 UNIFORM DECELERATION CARO 
VEHICLE MAXIMUM UNIFORM ACCELERATION CFiRD 
VEHICLE MAXIMUM VELOCIT'I' CARO 

0 VEHICLE M!tI::'1UM TURNING RADIUS CARO 
Cl Oil:! VER OPERPT I ONH~ fCCTOR CPRO 
0 CRJVER PERCEPT!ONIREACTION i!M[ CARO 
D SPEC !AL VEHC!LE CARO 

MU" !S HUME~ Of C!IROS !V IS Yo!RIASLEl 
"IOIS"IINCAIORTUROPl!CtlAL 

SHEET __'.b_oF /C 
ORTE t//~ 
PREPARE s\ 

GEOMETRY RND DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 

APPROACH CARO 1 MAN OAT ORY l 

COMPLETE FOR INBOUND APPRDACHS ONLY 

N3N( 

~~1~~;~,~tm.H 0~~2~g"~;E~~ c~0~~61r0~ "m.-imRIANCE !PARA"[m •• 1, 

IS ~~~~DA•O ~(VIATION 

:~ ;[~.~~~~o~i~S1~il~~ S(C (PARA"!'° e> "EAN HEAOWAT, ]600/VOLil"[I 

,)C/s':a'(,,;,,,C,C):')!l,::i,•:.smo.;; ~e~a(QUALS l00 

TRAFFIC MIX CARO l ONLY ! F APPROACH CARD COL 78-80 :: YES J 

MEAN 
SPEED 

IN 
Ml/HR 

851/. 
SPEED 

IN 
Ml/HR 

TRAFF l C BY VEHICLE CLASS 

LANE CARD \ MANDATORY l 

% OF VEHICL[5 TO 
0UT60UNO APPROACH ~Iii 

1--R ~1--'-'s~T=c '-.'l"--'o;.c;i::::E::.:...,...l _,--1i~§~ 

JNF[lfH1AT)ON FCR U'INE 1, THEN LANE 3, ANO THEN UINE 5 INFCRMAl][lN FOR LANE 2, THEN LANE 4, ANO THEN LANE 6 

LANE % RPf'R 

r!JDTH BEG l ENO 1 BEG 2 ENO 2 ULSR 1rn~~~~o 
IN FT Ot<LYl 

N02 ,, 1aoo ,ecca , o ro~ 
CifY S(Glc,~L (NOl,VAL 
c1r-rsc:;1,o EkJ1,o 
Cir. 6[Vic,Al. (~Cb,AL 

;~~ ~ (s~~c 'i~5 f~~O i ~mNO 
PROGRRM 152717A ANO 1522178 

, 

f'ORI'\ 1'35-1 

Figure 44. Coded Input Data for TEXAS Model of Ashley Or. & Kennedy Blvd. 
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TEXRS STRTE OEPRRTMENT OF HIGHWRYS RN □ PUBLIC TRRNSPORTRTION 

THE TEXRS MODEL FOR INTERSECTION TRRFFIC 

SHEET ~Of ..d_ 
ORTE ~~ 
PREPARED sY 

GEOMETRY RN □ DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED 

APPROACH CARD r MANDATORY l 

COMPLETE FOR INBOUND APPRORCHS ONLY 

rt.Ul¥ALE~T MEAN 
DISTRIBUTION HOURLY DISIRJBUTION SPEED 

NAME VOLUM( IN PARAH[IEII / N 
VEH/HR MI /HR 

LANE CARO I MA~OA!ORY I 
JNfClAMATJON FOR UHIE l, IH[N LRNE 3. ANO THEN LANE 5 INFORMATION FDR LANE 2, THEN LANE 4, RNO THEN LANE 6 

LANE 
WIDTH BEG I ENO I BEG 2 ENO 2 UL SR 
IN FT 

r.2 

1.APPR 
VOLUMf 

(JNBOUNO 
Of<LYI 

LANE 
WJOTH BEG 1 ENO I BEG 2 ENO 2 UL SR 
IN FT 

II 

SHEET GEOMETRY RN □ DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED 

APPROACH CARO ( MANDATORY I 
ORTE --<,<..L-'.?-r= 

COMPLETE FOR INBOUND APPROACHS ONLY 

EOUIVIILfNI MEAN 85% Z OF VEHICLES TO 
DISTRIBUTION MOUIIL T OISTRIBUTIOH SPEED SPEED OUTBOUND APPROACH 

NAME VOLUME IN PARAl'l[HII IN IN 
A I B I C I o I E I F YEH/HR 

MI/HR Ml /HR 
"' .. 

. q 0 ~2. . 2.CO ,21· OI ',oi1" I I 'JO .. 
LANE CARO I MANDATORY J 

INFORl1AT JON FOR LAN( l, THEN LIINE 3, ANO THEN LANE S INFORMATION FOR LAN[ 2, THEN LANE 4, ANO THEN LAN[ S 
LANE % APPR 

h'IOTH BEG I ENO I BEG 2 ENO 2 UL SR 1r~~~8~o 
IN FT DNLTJ 

LANE 7. APPR 

h'JOTH BEG I ENO I BEG 2 ENO 2 UL SR c!~~g8~o 
IN FT ONLY I 

i ", a '1'i0 

GEOMETRY RN □ DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CON;JNUEO SHEET s-" /C 
DATE 'f,4/'~ 

APPROACH CARO ( MANDATORY J 
PREPj:jREQ BY 

LANE CF=lRO ( MANDATORY l 

lNFORrlATJON FOR LAN[ I, THEN urn[ 3, ANO THEN LAN[ S JNFOR/1ATJON FOR LANE 'l, THEN LANE , , ANO THEN LANE 6 

LANE % APPR 

WJDTH BEG I ENO 1 BEG 2 ENO 2 UL SR lr~~g8~o 
JN FT ONLY I 

0 . . 4-2 -9-(! 
II 

'~ 

GEOMETRY RN □ DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED SHEET O Of /C 
ORTE -f,Z.,~ 

APPROACH CARO ( MANDATORY l 

LANE CARO I MANDATORY l 

COMPLETE FOR INBOUND APPROACHS ONLY 

[0UIYAL€NI 
OJSTRIBUTJON t<OUALT 0/STRIBUIION 

NAN[ YOLUME IN l'ARAnElfR 
V(N/NR 

MEAN 
SP~EO 

IN 
Ml/HR 

PREPARED BY 

JNFORnATJON FOR LANE I, THEN LANE 3, RNO THUi LANE S ltffORl1ATJON FOR LAN( 'l, THEN LANE 4, ANO THEN LAN[ 6 

LANE 
WJOTH BEG I ENO 1 BEG 2 ENO 2 UL SR 
IN FT 

(! .. 0 C. 0 
7. " r,. 

PROGRAM 152217A ANO 1522178 

LAH{~ I 

% APPA 
YOLUM( 

!Hl80l/NO 
ONLY) 

! [HC2,[H01 
(H02,V~l 
(N0Z,1000 
(h02,VAL 

N50HLY 

LANE 
WIOTH BEG I ENO I BEG 2 ENO 2 UL SR 
IN FT 

0 6/D 

%APPR 
YOLUrl( 

l!N80UNO 
ONLTJ 

FORM 1"35-2 

TEXAS 

Figure 44. Coded Input Data for TEXAS Model of Ashley Dr. & Kennedy Blvd. (Continued) 
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TEXAS STATE OEPART~ENT OF HIGH~AYS AND PUBLIC TRANSPORTATION 

THE TEXAS MODEL FOR INTERSECTION TRAFFIC 

SHEET LOF IC 
ORTE °';//~ 
PREPARED BY 

GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED 

APPROACH CARO l MANDATORY l 

1ry 4it5 •• , , ,,I • 
1
1

0 
1

0 
, , ,. , 

LANE CARO I MANDATORY l 
JN(ORPIATION roR LAN[ 1, TH[N LAN[ 3, ANO TH[N LAN( S 

i.~· C o o _,,~"' .,, .. ,~~ 

GEOMETRY ANO DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED SHEET~ OF IC 
ORTE~ 
PREPARED BY "7IlI._ APPROACH CARO I MANDATORY l 

COMPLETE FOR INBOUND APPROACHS ONLY 

EOUIVALEl'fl 
DISTRIBUTION 110\JRU OISIRIIIUT!D'9 

NAM( VOLUM[ IN f'ARRn(I[~ 
VEH/1111 

LANE CARO t MANDATORY I 
INrOlltnATJON FOR LAN[ 1, THEN LANE 3, ANO THEN LANE S JNFORMATIONfORLAN( 2, THEN LANf •• ANO IH(NLAN( 6 

LANE I j;: ~rr11 
\HOTH BEG I ENO l BEG 2 ENO 2 lu LS R t ~e~~J~c 
INFT "'.!."'"·~;~ 

__.____Q 
I 

I . ' ~ 

GEOMETRY ANO DRIVER-VEHICLE PROCESSOR INPUT - FORM 3 

ARC CARO l I MANDATORY l LINE CARO l (MANOATORYl SOR CA.'>!0 1 l MANDATORY l 

ARC CARO 2 LINE CARO 2 (MAX=\00 CRROSl SOR CRRO .2 
tONLY IF ARC CAPO COL 1-4 CT OJ (ONLY IF LINE CARO COL 1-4 GT 01 (ONLY IF SOR CARD 1 COL 1-4 GT OJ 

ARC - y BEGIN S~~EP RADIUS 
NUMBER c1r:rg cf,~Tl-f A1ZN1t1DuEr; i~u;;o\Eo 111 FI 

, .. •·· ... ... 
-llO , ... 

,:; 
VO 

' 0 

PROGRR" t522l'1R RNO 15221'18 

-

•• ,; 
() 

,& I l -· () 

3 /0 

LINE X BEG Y BEG X ENO Y ENO 
NUMBE R IN FT IN F T IN FT 

I .-fc l .... .. , ., 
~ ·r 

0 

' ,.., 

( 0 5:/ 

-, rJ 

0 
-c 

' '"' ., 
00 
•t> 

·•O 
) YB 

oo 

!•• LIN( 11uneo •, 100 
•• J 8(0 •• 2250 
••, i£O ,, nso 

o •• 1 t110 ,, n~o o ••,ENO,, nso 

" 
.U -.. , 
.,r.r 
8 
""~ 
47 

""" n-

" ~ 
?() 

' • 
<d 

' 
" 

o -· CHECK IF CONTINUED 

l N FT 

,,., 
"'O 
<f 
00 ~· 

-1 

.Y• 
I/ 

no 
Cl l 
0 -,. 
, . 
""'-' ,. 
•• 
" ~· 

SOR :,ll\"1; "11r1; NUMBER 

i " 4 .. / . ~· r?? 490 ,,.,., ~Y, 

'•l 
I <> SOR ~U~8fR •, 20 
0 ., I COOH~l~IIT{ <c ?~SC 
O••TC00ROl114H<c2250 

FORM 1435-1 

Figure 44. Coded Input Data for TEXAS Model of Ashley Dr. & Kennedy Blvd. (Continued) 
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TEXAS STATE DEPARTMENT OF HIGHWAYS RN □ PUBLIC TRANSPORTATION 

THE TEXAS MODEL FOR INTERSECTION TRAFFIC 

SHEET /O OF/,; 

OATE :::v~ 
PREPARED BY 

GEOMETRY ANO DRIVER-VEHICLE PROCESSOR INPUT - FORM 

PLOT CARO I MANDATORY I 

100.1) •• IIAJIIIIJII ~AOI U5 ~OR /'Al>•S <, 900.0 
,,,11111111u11ors1A11CE8f!WH/ll'Al"S•,20 

OPTJONS CARO IMANOATORYI !YES/NO ~ITH □ Ef=NO FOR Rlll 

"'~g LOGOUT SUMMARY FOR DRIVER/VEHICLE UNIT BY VEHICLE CLASS OLRC?vofu/1/EUHMttt/ ;Norr 

~,~

0 

!--=,--,-.,.,~.,..,--,-cc-~~~~~~~~~~~~~~-,-~~~~c-+----'Br-Y-c"--0R...;I_VccER:._,:_C""LA...:S:.;S~----I 
01 l 02 03 05 07 og 10 11 12 13 

VO 'O ,vn 

r 
DRIVER MIX CARO lONLY IF OPTIONS CARD COL 1-3 YESl 

PERCENT CLASS I DRIVER 
IN CLFISS J VfHC ILE 

DRIVER ORJVER DRIVER DRIVER DRIVER 
CLASS l CLASS :::' CLASS 3 cu::55 4 cu:.55 5 

VEHICLE CLASS O 1 f-"-~~f-"-~~f-"-~'"--lf-"-~"--1-~"--I 
YEH I CLE CU'.1S5 02 1--'--~~l--'--~"-'--<I--'--~~+~~-~~.__. 
VEHICLE CL ASS O 3 ,--~-..--~~..--~~r-~'-'--t-~"----1 
\' EH I Cl E CLASS O 4 f-"-~~f-"-~'"--lf-"-~'"--lf-"-~"--I-'--"'"--\ 
V£HICLE CLASS 05 1--'--~~l--'--~"-'--<l--'--~"-'--<I--'--~"--+~·~ 
YEH I Cl E CLASS 06 f-"-~~f-"-~~f-"-~'"--lf-"-~"--1-~"--I 
VEHICLE CLASS 07 1----~--11--'--~"-'--<l--'--~'"--<1--~"->-~'"--< 
VEHICLE CLASS 08 f-"-~~f-"-~~f-"-~'"--lf-"-~"--1-~"--I 
VEHICLE CL ASS 09 l--'--~~l--'--~--1.--~'"--ll--~"--+-~'"--< 
V[H I CLE CLASS ID ,--~~..--~~r-~'-"-7c-~'-'--t-~"-I 
VEHICLE CL ASS I I f-"-~~i-~--1f-"-~'"--lf-"-~"--1-'--"'"--1 
VEHICLE CLASS 12 ,-._~~r-~"-'--<1--'--~"-'--<,__~,.___.-~'"--' 
VEHICLE CLASS I 3 f-"-~--lf-"-~'"--lf-"-~'"--ic--~"--1-~"--1 
VEHICLE CLt~SS l 4 ,-._~~l--'--~--11--'--~"-'--<I--'--~"--+-~'"--< 
VEHICLE CL ASS I 5 b:::ixi:::db:::!=b;Jb=nn==orl=:ncicm 

PROGRAM 152217A FINO 1522178 

IV 

OMLf Jf TH( NUll8(R Of •£HJCL{ CLRS5CS ,• 01 

ONLT lf lH[ NUIIMR Of Y(ll!CL( (UIS$($•• 02 

(IMLf Jf IH( NUll8H Of V[HIC-LE CL~SS(S ,• 03 

(!NL' Jf !Hf NUNUR n, •r111c .. c CL~ssrs ~· Ot 

OIIL I lf TH[ NU118[R Of V(IIJCL[ CLRSS{S •• OS 

ON, Y Jf Ill[ IIUl!B[, Of V[HJCL{ CLRSSfS •• 06 

ONLf!f 1H{NUH8(ROfV[IIICLECLASS[S 

ONL' I' lH{ NU'IUR or V(t1ICL[ (LPSS£S 

ONLT lf TH[ NUH8fR Of •CHICLE CLPSS(S ,, 09 

0NLT If I~{ NU~B[R Of V(llltL[ (kPSS£S ,, 10 

ONl I If Tl!( NUN8£R Of ~£HICL[ CL~SS[S ,, 11 

ONLT !f IH[ NUnar, Of Y(lll(L{ CLPSS(S •• 12 

ONL' If TH( NUHB[R or V(HICL[ CLASS($,, I) 

ONL' If TH[ NUIIMR Of HHICL[ CLASS[$" 1t 

ONL'(' TH{NUH8[ROfHHICL[CLASS($, 1$ 

GEOMETRY RNO DRIVER-VEHICLE PROCESSOR INPUT - FORM 7 

SPECIAL VEHCILE CARO !OPTIONAL) {MAX::UNLIMJTEOl 

QUEUE- IN 
TIME IN SEC 

411(). (!) 

71.0. C 

VEHICLE DRIVER 
CLASS CLASS 

1----~-~= ......... 1--'--~ ......... ~~~,-~-~~-~~-.,___._____..._,_ ......______.._~-~ 
f-"-~-~~--if-"-~--1'-"--~--1~~--1~----1~~~11__.___.__.___ _._._ .. ~ 

PROGRAM :S2217A /WD 1522178 

s~;~[!~~u~i~r l~{!,,;fs6~~H~~~!'!?~r'!IIE IN ll!NIIICS ., 1100 \ :; m ~i::,~~;i~ -:: ~~:F~ . .!i' o~\~lil~L~;mrs 
l ,, ~{s:nJ 0. re,•, .. ~ A~POOACH., 17 
I <, -~~~l~J APP~,1'>(• •· :C 
I ,, :~~JlSO -~~[ ., ,,•of• ;:or ,AOl{S ·~· ]"BOUND ~1'1tO•CN 
IN8~Uh: ~A~( I :5 ~nro, ,A~[ A~~ ;,9~'.•J .AN[ N IS,~,. l•Nf O,~J AhO I ,,rs •O• •f•I_.( cOG-01,' S .•~A•• 

FORM 1'36-2 

TEXAS 

Figure 44. Coded Input Data for TEXAS ~del of Ashley Dr. & Kennedy Blvd. (Continued) 
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TEXAS 

TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION 

THE TEXAS MODEL FOR INTERSECTION TRAFFIC 

SIMULATION PROCESSOR INPUT - FORM I 

SHEET .12:::o, IC 
ORTE $~ 
PREPARED B~ 

I I !LE CARD I MANDATORY I 

PARAMETER CARD I MANDATORY I 

LANE CONTROL CARO I MANDATORY I 

PROGRA" 1 s221,c 

i!: f-~-~-~~~~----i 

• l> 

ORDER OF INPUT CARDS 

NUM M/0 CARD TITLE 

f"I TITLE CARD 
t1 PARAMETER CARO 

LANE CONTROL CARO 
CAM STACK CARO I 

0 CRH STACK CARO 2 

.. 

O SEMI-ACTUAHD SIGNAL CONTROLLER PHRSE 
CARO I 

0 SEMI-ACTUATED SIGNAL CONTROLLER MAJOR 
STREET PHASE CARO 2 

0 SEMI-RCTURTEO SIGNAL CONTROLLER MINOR 
STREET PHASE CARO 3 ---------- GROUPED 

0 SEMI-RCTUAlEO SIGNAL CONTROLLER MINOR 
STREET PHASE DETECTOR CARO 4 - GROUl"EO 

0 FULL-ACTUATED SIGNAL CONTROLLER PHASE 

CARO I 
V O FULL-ACTUATED SIGNAL CONTROLLER PHASE 

CARD 2 ---------- GROUPED 
0 FULL-ACTUATED SIGNAL CONTROLLER PHASE 

DETECTOR CARO 3 - GROUPED 
0 DETECTOR CARO I 
0 DETECTOR CARO 2 

NU" IS NIJ"9'~ Of C~~U I~ It VIIIIIHL[I 
"'0 IS "11"01110111 0~ onto"Rl 

FORl'I 1"39 

TEXAS STATE DEPARTMENT OF HIGHWAYS ANO PUBLIC TRANSPORTATION 

THE TEXAS MODEL FOR INTERSECTION TRAFFIC 

SIMULATION PROCESSOR INPUT - FORM 2 

SHEET fl~~ 
ORTE f/. 
PREPARED BY ~ 

CA" STACK CARD I <ONLY IF PARAMETER CARD COL 39-40 JS 5, 6, OR 71 

I 
CAM STACK CARD 2 lMAX=72 CARDSI !ONLY fF PARAMETER CARD COL 39-40 JS S, 6, OR 71 

:n~ i1:~: SIGNAL INDICATION THREE-CHARAC !ER COOE FOR EACH LANE BY GEOMETRY PROCESSOR I NBOUNO LANE NUMBER IBLN 
!~ .i=!• 
Lz =~I 01 o, 03 " OS 06 07 08 09 10 II 12 " " IS 16 " 18 19 20 21 22 " 

,. ,s . ' 
"" ftD A<I .... '" "' Al ll • . . •• ,c . . . . . 

Ar AD ft 
, . ., . 

A M . , . .A . L . .. , .... . . JJ 

. .. ' 

l"ROORA" 1S22l'7C FORM 1440-! 

Figure 44. Coded Input Data tor TEXAS Model of Ashley Or. & Kennedy Blvd. (Continued) 
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TEXAS STATE DEPARTMENT OF HIGHWAYS ANO PUBLIC TRANSPORTATION 

THE TEXAS MODEL FOR INTERSECTION TRAFFIC 

SIMULATION PROCESSOR INPUT - FORM 3 

SEMI-ACTUATED SIGNAL CONTROLLER PHASE CARO I !ONLY IF PARAMETER CARO COL 39-<0 IS 61 

!l1i1 ll·l· 

SEMI-ACTUATED SIGNAL CONTROLLER MAJOR STREET PHASE CARO 2 !ONLY IF PARAMETER CARO COL 3'9-•0 IS 61 
UST OF PHASE NUMBERS 

SHEET ~f~ 
DAT£ ~ 
PREPARED 8Y LSt/!I_ 

..,a:: MINJMUM R"BER ALL-RED .... , 
~:r: RSSUREO LERRRNCE CLEARANCE 1iiiii WHICH CAN BE CLEARED TO 
.z::~ GREEN INTERVAL 
a..z IN SEC IN SEC 

,£ "· 

INTERVAL DIRECTLY f'R011 THIS PHASE 
IN SEC 

1ST 2N0 3RD 4TH 5TH 6TH '7TH 

a.n .,_ .. 
U THIIN Z[IIO !HfK TH[ LAB'f $IGIIAL IIIOICIITIOII llt:rlNfD rp IHII PIIIIH IIUIT H TIIC IIU.•tt'.0 CL(IIUIICI INT(H .. 
TO 0IUCIU HM THIS PHltS[ •~? 
IRfCllT HOH 1111a '"IIS( ·= NUHl[lt or S£Hl•IICTUIH[O SIONIIL CONIIIOI.L[II PIIIUU •• I 
OJRECILI HOH 1"1$ "'115[ HUST IE IN PltJOlttfY OltOH 
ICIIIJON DEFINED fOlt [IIC1'1 PHASE NHICII CAM B( CURll[O IO Olllt:CTL, FIIOft THIS '""I( MIii 11'1 Ill[ OltOH D(FIIIH 11 lll[ LIii 0, lllflltl 

SEMI-ACTUATED SIGNAL CONTROLLER MINOR STREET PHASE CARO 3 !ONLY IF PARAMETER CARO COL 39-40 JS 61 

l)ll(IITU THAN 100 IH[N TH[ LIIIST S/Olllfll. IIIOICIITION D['IN(O ,Olt '"" ,..." IIUST M tit( M.!o.•1110 cu.....a: 111,uw-. 

~i~~1~~!Jt~~1ha~1~~,:~~!1~:~l;V~d•1:' ,na,i1~'=m s,OML cOll,.CN.LU ,11111(, •· , 
INOICAflvN DUJN(D ,,. [A~" '"ASE NMICN CAN H Cl[IINl(D 10 OIIIIClLl ,11111 INIS -S( lllllO Ill TIC OIIOU orruco It '"' un Of' , .... u 

SEMI-ACTUATED SIGNAL CONTROLLER MINOR STREET PHASE DETECTOR CARO 4 !ONLY IF NUMBER OF DETECTORS FOR PHASE :> I l 
LIST Of DETECTOR NUMBERS ATTACHED TO H+!S PHASE 

DI 02 03 o, 05 06 07 08 09 IO 

PROGRAM I 52217( 

SIMULATION PROCESSOR INPUT - FORM 3 CONTINUED 

SEMI-ACTUATED SIGNAL CONTROLLER MINOR STREET PHASE CARO 3 !ONLY IF PARAMETER CARO COL 39-•0 JS 61 

SHEET~/' 
DATE 'Id,, 
,REPARED 8Y ~ 

SEMI-ACTUATED SIGNAL CONTROLLER MINOR STREET PHASE DETECTOR CARO 4 !ONLY IF NUMBER OF DETECTORS FOR PHASE·=, l l 
LIST Of DETECTOR NU!'tBERS ATT!=ICHEO TO Tl-115 PHASE 

DI 

SIMULATION PROCESSOR INPUT - FORM 5 

DETECTOR CARO l !ONLY IF PARAMETER CARO COL 39-40 JS 6 OR 7 ANO DETECTORS WERE USEOl 

@J 
DETECTOR CARO 2 !ONLY IF DETECTOR CARO I COL 1-• GT 01 

O• 
DClt'.CIOlt ITP[ 

ua'.I lf'UlS[/PR[S[NC(l 
O[f,PR£S£NC£ 

or;fHtAr;;J~~'"' 111,,Ro11c" ;i~E! LI se\ o;H 1\ANtfE\EccotoE:Eo 
BEG END NUMB[II i;B:.~f-~~~~~-,--,--.-~~~,--1 

,,.. ,.6 
O, ,, <If:' 4d q.l)ii, 

e-_J,,_e,la ,6,,0t,; 

,_._...........__, 

~ •, ~o 
~:~~~~~~{~o,m(m~[Lgc1~ 

1Y:c ·oc~~m; J~o~mC'Sui;ul~YMIOUIIO .,.,.Ollc..CI Olll.ll 

•· ,!i;o:H•:~t!5~1!~~1r~i~,,~"BJ\i~rk11~u ~~1.';i,.;:~:o~~" •. , I 

PROGRAM l 522 l 7C roan 1u, 

TEXAS 

Figure 44. Coded Input Data for TEXAS Model of Ashley Dr. & Kennedy Blvd. (Continued) 
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TEXAS 

' \ 
\ 

\ 

Figure 45. Pen Plot of Intersection Geometrics and Vehicles Movements 
of Example Intersections. 

98 



SURT-lF TJHE f HINUHS t --------------------------
Sl~ULITIJ\I TIHF IHINUTE SI ------------------------
~HF U.Cf<HEfH FOR 'ilHULITION TIME ISECONO<::t ------

SFEEC fU: CHH BHOW XX HFH IMFHI ---------------

PIAXJMU' CL[IR 01S11 NC£ FOR BF ING IN I QUl:.UF IF 11 -

CAR FCllUlNG fQUITION tl"IBOI --------------------
CAQ FJLLiJolINC £filUITI('lN l"U ---~--------------------
CU FCLLCHNG fQUITlON •tFHI ----------------------

SI. .. IOFY 511TIST1CS FRitiTED BY TURNING HOVU4F.NTS --
S:.PO'IIRY ST• TISTICS FRINTfD BY INBOUNO IFFfH'ltCH ----

PUNCH~O JUlFUT OF STITISTJC<; ._ ____________________ _ 

i,RIH TIP~ FOR FOlLUTION OJ<;ffRSION PolOOtL --------

L!AD Tl"'IE 31F FOR CONFLICT CHHkitH; ISFCONOSI ----
LH lll"E t•F FOR CONFLICT CMFr.t<ING ISECONO<:;J ------

H,lER~ECTJCN TRJFFIC CON1F'OL ----------------------

3. 00 
1? .oo 

1 .oo 

1 o. 00 

10. oo 

2. 80000 
o.eoooo 

14000.DOOOO 

YfS 
YfS 

hO 

l. 30 
0.50 

L•NE :OIIH'.JL FOR 1Hf ?1 LH'f"-: !, ~ "- s; 5 "- ~ ~ "- "- S S 5 1 1 l 1 1 1 1 1 
0 .,t'EH 1 0UTB0Ut-0 10A IHDCMEO IfilBUUN0I LINt 

I 

2 UNCONTPOLLFO 
YIE LO SIGN 

II ST ClF SIGN 
5 SIG NI l 
6 SH.NIL WITH LHT TURN C1N ClfO 
7 <;IGNIL WITH PTGHT TUPN ON CfQ 

A TOlll O=' 8 CIM STHM ENTRJFC:: 

ENTRY I ti' i IS( l .. •• •• " 'G •• • • ,, •• •• •• •• .. 
£~TAY 2 Ft-lSE 1 II .. .. " ENTRY I 0 i ISE l " 
ENTRY • Fl-lSE 2 •• •• .. .. ID op op •• 

ENTRY ' Pi IS[ 2 " 
£t,;1RY ' Ft-IS[ 2 " 0G 

ENTRY 1 P: i I Sf: ' •• •• .. •E •• 'G •• •• • • 
' Fl-I Sf ' " " " " " " ENTRY 

SlMULITif'IN FROCE SS[U! FOR THI lfXIC. H!IH IC ~HtUL IT ICiN fl ICI< IGE 

••• ISHLEY DR. !ii kfNNtOY BLVO.-fXI"iTING TRIFflC CUNTRLL<; p,.. HOUR JUNt ll!H 

• lCTll CF 3 SIG~ll FHISE<; 

SEIIIJJ-ICJUIHO SlGNIL MIIN S1PHT INfClRMllinh 
PIAJM !HEET FHl'Sf NUMl!IER -------------------------- t 

"AlN STIHET MINIMUM ASSURED GPfEN ISECONOSI ------- Ho:? 
"•JH ~HEE1 AMBER CLEIRlt,;Cf lNTERVH ISECUNOO:::I ---- 11.') 

MAIN STIEEJ Hl-REO CLEIPINCF lNTfRVIL ISECONDSI -- u.o 
PIAltt ~UEE1 NUMBER OF FHIS£S ClflRED 10 ----------- 2 

!U]N STR:'.::l LISl OF FH•'srs CLflRfO Tfl ------------- l 

Sll:hll ft,IC[ NUl'(B[R -------------------------------
JNJlIIL I~fERVll tSECONDSI __ ., ____________________ _ 

V[t'1CL£ H TERVI L I Sf CD NOc; I ---------------- -------
Ul:IE R :L::1q1NC£ lNTERVll lg'CflNDS~ ---------------
•LL-REC CLEIRINCE INH RYil ISFCONDS I -------------
M.,(JNUM EIOENSION lflfR D£JONO ON RfO fSECONOSI --
SIC JF-Fti I '.H SWITCH I ON/OFF I -------- ---------------
AUlO-RE C ll l SWllCH ION/OFF I ----------------------
FIREll'ln1JHR MD°VEME NT PHIS£ OFTION fYt S/NOI ------
OUU LEFT rJPllON IY£5/NOI -------------------------
0[1[CtrF ctNNtCllON lYH II NOIPRI ----------------

NUIIIIER !If 'lEUClORS CONNECTED 10 FHlc;t ------------
Nt.r, ■ EF: Cf FHISES Cl£1A£0 TD ----------------------
LlSl Of Pi,tlSES CL£1R£D TD -------------------------

z 
9. D 
,. 7 

'.' 0,0 
l!t.8 

•• 
OFF 

LHT CF CE1EC10AS CDNtffClED TO FHlc;f -------------- J 
SJSNll PHISE NU"IER ------------------------------- l 
HillJIL H1£RVIL l~ECONDSI ----------------------- 9o0 

WEHJCL~ INTERVll ISECONOSI ------------------------ Z,7 
•"IEA CLEUINCE lNlEAVIL CS£Cl"NOSI --------------- ••') 
Ill-RED CL:: IRINCE JNlERVll ICifCONDSI -------------- o.o 
MIJIUIUI [)11£NSION IFTER OEMIND ON RED CSECONOSI •-- 2'2os; 

SIIIP-PHIS~ SlilllCH ION/OFF I ------------------------ ON 
IUlO-REClll SWITCH ION/OFFI ---------------------- Off 
PIREHJ/'IINDA MOVE"ENT PHIS( OF1ION tv[S/NOI ------- NO 

ClAl L[fl tPllH IYfS/NOI ------------------------ NO 
DETECJOR CDNNECllON lYFE I IND/OfU ----------------- OR 
NUl'IEP Cf DffEClOAS COt.NECTEO 10 FHISE ----------- l 

NIINIE~ DF IIIHISES CUIAEO TO -•--------------------- l 
LJST c, FtitUS CUIAEO 10 ----------------------- l 
LIST !IF nflClOAS CONNECTED 10 FHISl --------------: 1 II 

l ~INUlltlON PROCESSOR FOR THt. TEXIS TRIFFIC 1.ilMULITION PICICtGE 

TEXAS 

Figure 46. SIMPRO Summary Statistics for Existing Conditions at Ashley Dr. and Kennedy Blvd. 
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TEXAS 

A TOl•L J~ I+ OE.THTrP,;; 

CE1£ClCJ;. Hl"BFR -----------
:ETE::T:H T'fFE -------------
SHRlHC FrSIT!Ot. IFHTI --
STclfFTN'.i ;:1sITIUN IHFTI --
AffR[IC ► Hl'IBER -----------

NJ'48:'.~ )=' ~ lNt.<; -----------
L 1~1 rr Llf-f NUMBERS-------

J;Tt:TM "'JMBHl -----------
CETEClO 1"FE -------------
STHTIN'.i eiSITION tfffll --
~HFF1H H'iJllO~ CfffTI --

AFFRJIC-1 'IJMB~R ------------
t,iLl'BH (F L•Nt. <:;; ------------

LI Sl JF Lt'lt. NUHBH'S -------

CElEClCf: Hl"BEq -----------
J::TECHl!l T'f'FE -------------
~TAR11t..(: f[llillJOt,. (FffTI --

STTJFFINJ P1SlllUN IFFEll --
AFFR[IC ► Hti'8fD ------------:: 

N-J"1BE~ F ~ tNl <; -----------
L l<T rr· Lltf NUMBt.P<; -------

J:T(;;TQQ ~JMBfO -----------
CETECHJ; nH -------------

STARTIN'., ;:1c::J1ION Cftfll --
~HFFlf<.C Fr"1PO~ CFffll --
AFFPOt:-t 'UMBER ------------
1\Lf'BEF ff tlNt'i ------------ = 
LI<;l H LtH NUMBEJ.<; ..... v:: -t ' 

,, lBIF I TURf-! ..... "' ' 76 IB•F 3 1 UR"! ..... V;"-i ' 9S lBIF l TUR"-' ..... '" ' SC lBIF j Tupi• ..... v::-t ' GS llllF ' TURN ..... '" ' BS IBIF 3 1 U0 N ..... v: 1 ' !C1 I B H' ' TUR--.: ..... "' ' 111 IBIF ' T unN ..... v::1 ' 11 B li!IF I TURN ..... "' 11, IBiF l T UR~J ..... '" ' '" lJHe -...... u :- ' 

FUL SE 
lbO 
H,b 

I 
FUL <:;f 
.co 
OC6 

. 
PHSENCf 

6CC 
b'?E 

' f uL <:;£ 

= 
= 
= 
= 
= 
' 
' 
' 
' 

GOS 
611 

' ' ' ' ' ' ' ' , 
I 

6Ci. R":117"1 
'18.171B 
il0.1~:11 
"19.I.IC!ill 
70.f.?32 
-;q.J 891.1 
l6.17B 
27.f.'i78 

:7il. ?"'11161); 
;,~. "'.:S"i 
18,l~-B 

': 711 

SiB. uoo O Sil.0000 ro. 0000 
'16 • 0 000 'i6. 0000 'i8 .0000 
11 o. 0000 j', .000(1 "1&.0000 
q;,, .onoo '4:.?. 0000 1.17 .0000 
6t.000(1 bb.0000 E,9. 0000 
'i~.0000 5 u. 0000 o;r;..uooo 
2~.oonu ,~.0000 "'" .0000 
2b.OOOO 11.0000 ?'5.0000 
1q. 0000 11.0000 1 6. ooou 

n.o a. o B.0000 
H • 0 000 6.0000 n.0000 
1 ~. 000 lJ 9.0000 1~ .. 0000 
, , ,onon <• (!('Inn 

SJ"IMIH STtlISTic<; Foe INBflUt-.:f'l lfF"OICH 1 FOP TU'-~ crnr = Pl(rll 

TJTH J;'.Lt'f (VFHJCLF-SFC(JNO<:I --------------------
~lf'1HF (F \El-lICLE'S INCURRING l[llll DfLIY ---------

F:'.QCE~T F VEHICLES INCURRtNr- lOllL Ot.LIY --------
AVERI([ Hlll O[LIY f<;ECONOSI --------------------

,a,v;:R1:;r TJT IL DEL IY/IVfCHGf lPIVfl lI~( -----------

Q~EUE J::L•Y lVf.HIClf-SECONOSI --------------------· 
~lf'BH CF \EHICL£<; INCUj;:RING QUEUf DFL IY ---------

'P::QC[n F VEHICLES INCURRING GUE.Uf OH IV --------- = 
AVH'ICE GU.I.IE DHIY (<::ECONDSI --------------------

.Ai1ER1$E QJ:UE DELIY/IVEPIGf T'-•VFL TIME -----------

SlJFF:'.'.l E- •v 1VEHICLt-SfCnNOC:I ------------------
t-.:L,,.BH Cf \EHICLES INCURRING <;TOFFEO OFUY -------
P;"QCOll o:- VtHICLES INCURRING SlOFHO OfllY ------
AVERICE !:HFFl:0 OfllY ISE:C0N0S I ------------------
AV~RIH SfJFFfO OHIY/IVERIGf TRIVH THU ---------

JELIY e:LJ,I 10.c MFH IVEHlCLf-SECLNO<;I -----------
Hf'BEJ; Cf \t.HlCLES INCURRING OFLIY snow 10.0 ~PH -

f:QCEMT F VEHICLFS I._,CURRING OH IY Bfl(Ht lCo 0 l'!PH 
AHRHE CE~IY BELOW ]O.C l"FH f<;t.CONOSI ----------
All;RI:;! ELlY Bt.l(IW ]C,.(I HFH/IVfRIGF 11\IVFL lIMf --

VEt'JCLE-f'HE:'i OF lfUVfl --------------------------
AV:'.Rl:£ 11:::1ICLf-HilfS Of TRIVH ------------------
TRAVEL 1 It'[ I VfHICL F.-S £ CO NOS I --------------------

AV:: Pl$ E' ntVE:l TIHf 10::EC0N0SJ --------------------
tHf'BH CF 'tEHIClt.S FRO CE SSE O ---------------------
v,LuH: PRJCE<;SfO (VfHlCLE<;/H(ll,;RI -----------------· 
llf'E t'EU. <fHO 01J:HI = MUN OF ILL VlHICLf SfHOS 

SP.Ct Hi •N SFHD t 1'1FI-O = TPT 01ST / TOl HUVfL lIMF 
AVEfU(E tE~IREO SFfEO I HFHI __ -.;.. ___________________ _ 

Al/ERi$[ "ll(U.UH HCHERITION IFT/SfC/SfCI --------
A\IERIH f't)lMUM OECflEIUTION CFT/SfC/SECI ---------

0',EfUtl I\EAIGf TOtH DfllY ISFCONO<il ------------
□ V:::RlLL 111:RIGf GUI-Ut OfLIY 10::fC0N0SI ------------
(i~[P I LL I \'EAIGE STOFFE O DFL I Y t SECONDS I ------ -----

011::: Rll.l U:'.RHf DELIY enow 1c.o MPH (<t;ECONOS I ----

FERC[.'41 o=' aPFROICH VEHIClf~ MIMING HOVEHfNl 

Bl ~l • 0 
7S 

J 00 .o 
l O~. "-
n.9 

8200.0 

" Of, o2 
1 07. 9 

1&i.1 

38 q~ .o 

" qb,2 
'il.3 
l!>o lj 

99-:71 .o ,. 
1 oo. 0 
l l"-06 

PFRCH.1 

PEP CF ~T 

PEP Ct NT 

87o0 PEPrF~T 

16.~o• 
0 .2013 

11 .. o,. 2 
1 •11 .3 

7S 
C,Cl!',,0 

s ., ,.2 

109.'i 
103. 8 

119.11 
I ;,~.r. 

SlHULlTION FROtfSSOP FOR THE lEXIS l"RIH IC SIMULITION PICk•Gf 

o. 200:e 97 .77 07 7. 776fl 2n .... s ilS 
o.70CI 5 9il. 877'l 1.n:;17 20.1665 
O. l0°6 7 3. ~- 1 q 10.,00&1 2~.1818 
0.70-;., Sh 7300 a. a111 21.Ci.882 
o. 70147 103.'51 7E, 7.HOO 22.40£11 
o.70" c; 90. 1 :760 i:1.1 7011 2'l.8023 
o, ,o~.i 70,7111? 10,'>?76 21.6623 
0.70il 5 60. q 817 12 .11s1 22.•306 
o. 20,qa '53o3!=1Cl:7 1-lt.J&IB'i 2Ii. 130~1 
0.2089 59. 7875 11. ,'i786 21.1q-;1 
o.?0 6 8 c;1. 7091 , ... ,r.'.11""' ..,.,_o;ooo 
o. ?OQ') 

Figure 46. SIMPRO Summary Statistics for Existing Conditions at 
Ashley Dr. and Kennedy Blvd. (Continued) 
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3.1 7E5 1. eoo0 
s. 00 00 ii.a 750 
3. 1 76~ ... ~500 

"· 352'9 2.1 750 
3. 8235 ct. 7625 
3. 4118 2.212s .... 
&t, 7CS'3 5, 8875 
2.sa21t If. 7250 
3, 3529 2.11750 
.... 5882 2.1375 
3.0588 3,1125 .... 

'\C-88 1. 875(1 
11.sooo 



S:J"l"l'H Sll T!~TICS fl!q ILL HFf-'IJIC:Hf<; 

lJTIL J!LIY 1\/fHICLF-c::tCONO<it --------------------
t.t,.!'!l(F rF \fHlClES INCUQFUNG TnTIL DEL•Y ----------

11!i:it:::'fT J: VlHICUS lt..CUll'll'Jt-G TOTIL OfLIY --------
AV[Rl(f 1111L OHi'/' 1<;FCO!'.OSI --------------------
At~RVi':: llT ll OEL I Y/IVf 1UGt HI Vf L ltf'\F -----------

QJ!UE J~llV IVfHlClf-<;fC(';NOSt --------------------- = 
t.lt'BEF" ff ~tHIClf.S It.CURRING 0\Jt.U~ Ofl IY ---------- = 
F!~C!:1'T J: VfH'l'CLfS Jt-:CUf:'PIN(' CUlU~ l'ltLIY --------- = 
A\r£PIC£ H!Uf OELIY tSECON0'-1 --------------------- = 
l~!Rl3! !JJ:Ul OELIY/1\lfll't(.f •r•v£L Tlt'f ----------- = 

SllFF!:l )!~ 1y 1VlHICLf-<;fCf1NO<;J ------------------- = 
tH,l"eEF Cf \fHICLfS 111,CURRit-.G <;HJfFf.0 GtL•Y -------- :: 

f!QC!~T J: VlHTCLfS Jt..CUC'rJJ!'.C- STOFFFO Ofll'f' ------- = 
AVERICE !UFHO OHtY l'itCONf'J<:;1 ------------------- = 

A\l;"At'.!E: 'iT1FFf0 OHtY/lVfAtGF TRlVH Til-:1:. --------- = 

J!tH a:t),1 10.0 1-:FH IVfHICLf-SfCIJtJO<;I ------------ = 
H"BEF Cf \EHICLf<:; 1/,CURRil,G !'lfLIY !!fL('W TC.C MPH - = 

F;;i:i::~'IIT ): Vi:.HlCLtS IMU"PU..•r- OHIY 11~.L[,\i 10.0 !"F-H :: 
AVERHE CELIY BELOW 1c.c .. FH (<;t,C[1NC<:;1 ------------ = 
•~:111z; J:.•v IIEL(lW lC.C MFH/tVfRl(;f TPIVH Til"f -- = 

V! ➔ t:~!'.-'tllf'i rF lfilVH --------------------------- = 
AVEIUC[ \El,lCLf-MILFS llF 1'1H\/Ft ------------------- :: 
T'U.V~L n1; IVfHlCLF-StC(;Nnc;1 ---------------------:: 
A\/[CIH£ TPVf.L TIHF 1<:;ECU~O'il --------------------- = 
NJl!i!'.~ )r \fl:HICLt<:; FIHICF~SfO ---------------------- = 
VClll'~ fF.rff'i<iFO IVFHJCLf<:;/Hl1URI ------------------ :: 
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Figure 46. SIMPRO Sumnery Statistics tor Existing Conditions at 
Ashley Dr. and Kennedy Blvd. (Continued) 
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Define & Analyze Alternative 

In order to evaluate alternative intersection 
improvements, the user must modify previously 
coded data to reflect the proposed changes. 
For the purpose of this problem two alterna
tives were defined. 

One alternative which can be evaluated ls a 
change in signal timing. As previously indi
cated the present signal is operating as a 
semi-actuated controller with a ninety second 
background eye I e. The TEXAS ~de I does not 
have any provision tor controlling a signal 
under system control • 1-bwever, it is possi
b I e to evaluate the intersection under pres
ent signal timing without the background 
cycle. The minimum green time on main street 
(westbound phase) was reduced from 34.2 sec 
to 26.5 sec., and the maximum green time tor 
the other phases was increased to 33 sec. 
each from the present maximum of 19.8 sec. 
tor eastbound movement and 22.5 seconds tor 
north-south movement. 

Only three (3) cards to SIMPRO required modi
t I cat Ion to ref I ect these changes. 

A second a I tern at Ive that can be eva I uated Is 
an increase in the curb return rad I us on the 
northwest corner. The present radius is ten 
(10) feet. Due to this tight radius most 
vehicles, particular trucks and buses, have 
to slow down In order to negotiate the turn. 
To eva I uate the benet It of an l mproved turn 
rad I us a change was made In the cod Ing to 
reflect a t I tty (50) toot radl us. Qi I y two 
cards to GEOPRO required roodlflcations to 
reflect these changes. 

Evaluation of Results 

The output reports obtained as a resu It of 
the simulation runs provide detailed Informa
tion of the operating character I sties on the 
Intersection under each of the conditions 
modeled. Tables 11, 12 and 13 provide a com
parison of the results obtained tor each con
dition relative to signal operation and lane 
and Intersection operating character I sties. 
The fol lowing summarizes the results. 

Revised Signal Time Alternate - Table 11 com
pares the statistics on the operation of the 
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semi-actuated signal controller. As a result 
of lowering the min I mum assured green time on 
ma In street from 34. 2 seconds to 26. 5 sec
onds, the average I ength of ma In street green 
was reduced from 36 seconds to 28 seconds. 
This reduction of main street green time and 
the resulting reduction In overal I delay at 
the intersection Ind lcates that the present 
min I mum green setting on the rra In street 
phase Is too high. Increasing phase 2 (east
bound dual left turn) maxi mum extension from 
19.8 seconds to 31.5 seconds reduced the num
ber · of cycles that the phase maxed-out (3 of 
7 cycles or 40%). Qi the other hand when 
phase 3 maxi mum green time was Increased from 
22.5 seconds to 31.5 seconds the cycle still 
maxed out each cycle. 

The effect these signal timing changes had on 
Intersection operation can be seen on Table 
12. For the Intersection as a whole, the 
total delay per vehicle was reduced by 7.'2'1, 
(from 57.9 seconds to 47.3 seconds), whl le 
overall stopped delay decreased from 35.9 
seconds to 29. 1 seconds. This reduced 
stopped delay would be noticeable to the 
motor Ing pub I le. Tentative data (reference 
4.10) compar Ing perceived levels of service 
with mean stopped delay Indicate an Increase 
In the level of service of this Intersection 
from 11E11 to 110 11 • 

Further benefits of the revised signal timing 
can be seen as an effect on traffic flow In 
the southbound r lght turn lane. Th Is move
ment partially occurs during phase 2 which 
received an increase in green time. A signi
ficant Improvement occurs tor traffic in this 
lane as a resu It of the Increased time for 
this movement (phase 2 & 3). Average queue 
length has decreased from 12.9 vehicles to 
8.0 vehicles with an accompanying reduction 
in average stopped delay from 49.4 seconds to 
21.8 seconds. 

For this location an increase in cycle length 
may be advantageous. Further changes in min
imum and maximum greens cou Id be Input In-to 
the model to determine optimum signal timing. 
However, since the signal is part of a sys
tem, additional studies ere required 1o 
determine the Impact of Increased cycle 
I ength on other inter sect Ions w I th In the 
system. 
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Table 11 - Comparison of Alternative Statistics for Semi-Actuated Signal 

Statistics 

Main Street Phase Number 
Main Street Minimum Assured Green (Sec) 
Main Street Amber Clearance Interval (Sec) 
Main Street Al I-Red Clearance Interval (Sec) 
Main Street Number of Phases Cleared to 
Main Street List of Phases Cleared to 
Number of Main Street Green Phases 
Average Length of Main Street Green (Sec) 
Signal Phase Number 
Initial Interval (Sec) 
Vehicle Interval (Sec) 
Amber Clearance Interval (Sec) 
Al I-Red Clearance Interval (Sec) 
Maximum Extension After Demand on Red (Sec) 
Skip-Phase Switch (On/Off) 
Auto-Reca I I Sw Itch (On/Off) 
Parent/Minor Movement Phase Option (Yes/No) 
Dial Left Option (Yes/No) 
Detector Connection Type (And/Or) 
Number of Detectors Connected to Phase 
Number of Phases Cl eared to 
List of Phases Cleared to 
List of Detectors Connected to Phase 
Number of Max-outs 
Average Time Into Phase for Max-out (Sec) 
Number of Gap-Outs 
Average Time Into Phase For Gap-Out (Sec) 
Signal Phase Number 
Initial Interval (Sec) 
Vehicle Interval (Sec) 
Amber Clearance Interval (Sec) 
Al I-Red Clearance Interval (Sec) 
Maximum Extension After Demand on Red (Sec) 
Skip-Phase Switch (On/Off) 
Auto-Recal I Switch (On/Off) 
Parent/Minor Movement Phase Option (Yes/No) 
Dual Left Option (Yes/No) 
Detector Connection Type (And/Or) 
Number of Detectors Connected to Phase 
Number of Phases Cleared to 
List of Phases Cleared to 
List of Detectors Connected to Phases 
Number of Max-Outs 
Average Time Into Phase For Max-Out (Sec) 
Number of Gap-Outs 
Avera e Time Into Phase For Ga -Out (Sec) 
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Exl st Ing 
Conditions 

1 
34.2 
4.5 
o.o 
2 
2 3 
8 

36.0 
2 
9.0 
2.1 
4.5 
o.o 

19.8 
ON 
OFF 
NO 
NO 
CR 

1 
2 
3 
3 
7 

21.0 
0 
o.o 
3 
9.0 
2.1 
4.5 
o.o 

22.5 
ON 
OFF 
NO 
NO 
CR 
3 
1 
1 
1 4 5 
7 

24.0 
0 
o.o 

ALTERNATIVES 
Rev I sed 
Signal Timing 

1 
26.5 
4.5 

o.o 
2 
2 3 
7 

28.0 
2 
9.0 
2.1 
4.5 
o.o 

31.5 
ON 
OFF 
NO 
NO 
CR 

1 
2 
3 
3 
3 

33.0 
4 

26.3 
3 
9.0 
2.7 
4.5 
o.o 

31.5 
ON 
OFF 
NO 
NO 
CR 

3 
1 
1 
1 4 5 
7 

33.0 
0 
o.o 

Increased 
Turn Radius 

1 
34.2 
4.5 
o.o 
2 
2 3 
8 

36.0 
2 
9.0 
2.7 
4.5 
o.o 

19.8 
ON 
OFF 
NO 
NO 
CR 

1 
2 
3 
3 
7 

21.0 
0 
o.o 
3 
9.0 
2.1 
4.5 
o.o 

22. 5 
ON 
OFF 
NO 
NO 
CR 

3 
1 
1 
1 4 5 
7 

24.0 
0 
o.o 
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Table 12 - Comparison of Alternative Statistics for Entire Intersection CAI I Approaches) 

Measures of 
Effectiveness 

Total Delay (Vehicle-Seconds) 
Number of Vehicles Incurring Total Delay 
Percent of Vehicles Incurring Total Delay 
Average Total Delay (Seconds) 
Average Total Delay/Average Travel Time 

Queue Delay (Vehicle-Seconds) 
Number of Vehicles Incurring Queue Delay 
Percent of Vehicles Incurring Queue Delay 
Average Queue Delay (Seconds) 
Average Queue Delay/Average Travel Time 

Stopped Delay (Vehicle-Seconds) 
Number of Vehicles Incurring Stopped Delay 
Percent of Vehicles Incurring Stopped Delay 
Average Stopped Delay (Seconds) 
Average Stopped Delay/Average Travel Time 

Delay Below 10.0 MPH (Vehicle-Seconds) 
Number of Vehicles Incurring Delay 

Below 10.0 MPH 
Percent of Vehicles Incurring Delay 

Below 10.0 MPH 
Average Delay Below 10.0 MPH (Seconds) 
Average Delay Below 10.0 MPH/Average 

Travel Time 

Vehicle-Miles of Travel 
Average Vehicle-Miles of Travel 
Travel Time (Vehicle-Seconds) 
Average Travel Time (Seconds) 
Number of Vehicles Processed 
Volume Processed (Vehicles/Hour) 
Time Mean Speed (MPH)= Mean of Al I 

Vehicle Speeds 
Space Mean Speed (MPH)= TOT Dist/TOT 

Travel Time 
Average Desired Speed (MPH) 
Average Maximum Acceleration (Ft/Sec/Sec) 
Average Maximum Deceleration (Ft/Sec/Sec) 
Overall Average Total Delay (Seconds) 
Overal I Average Queue Delay (Seconds)· 
Overall Average Stopped Delay (Seconds) 
Overal I Average Delay Below 10.0 MPH (Sec) 
Number of Col I I sf ons 
Number of Vehicles El imlnated (Lane Ful I) 

Existing 
Conditions 

37089.3 
640 

99.8 
58.0 
63.0 percent 

31707.0 

ALTERNATIVES 
Revised 
Signal Timing 

30450.6 
644 
100.0 
47.3 
58.1 percent 

25397.0 
519 
80.6 
48.9 

Increased 
Turn Radius 

31309.6 
645 
99.8 
48.5 
58. 7 percent 

263 74 .o 
518 
80.2 
50.9 

528 
82.4 
60.1 
65.3 percent 60. 2 percent 61.5 percent 

23040.0 20215.0 
516 
80.2 
35.0 

528 
82.4 
43.6 
47.5 

18716.0 
519 
80.6 
36.1 

percent 44. 3 percent 47.2 percent 

37297. 0 

579 

90.3 
64.4 

70. 1 percent 

136.554 
0.213 

58934. 5 
91.9 

641 
3205.0 

10.3 

8.3 
22.8 
3.5 
3.2 

57.9 
49.5 
35.9 
58.2 

2 
8 

30149.0 

577 

89.6 
52.3 

64.3 percent 

137.234 
0.213 

52373.2 
81.3 

644 
3220.0 

10.9 

9.4 
22.8 
3.4 
3.2 

47.3 
39.4 
29. 1 
46.8 

5 

30270.0 

583 

90.2 
51.9 

62.8 percent 

137.920 
0.213 

53446.6 
82.7 

646 
3230.0 

10.9 

9.3 
22.7 
3.4 
3.2 

48.5 
40.8 
31.3 
46.9 

1 

Average of Loa in Speed/Desired Speed (Percent) 94.4 
5 

96. 1 
3 

96.7 
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Table 13 - Comparison of Alternative Statistics for Southbound Right Turn Lane 

Measures of 
Effectiveness (MOE) 

Total Delay (Vehicle-Seconds) 
Number of Vehicles Incurring Total Delay 
Percent of Vehicles Incurring Total Delay 
Average Total Delay (Seconds) 
Average Total Delay/Average Travel Time 
Queue Delay (Vehicle-Seconds) 
Number of Vehicles Incurring Queue Delay 
Percent of Vehicles Incurring Queue Delay 
Average Queue Delay (Seconds) 
Average Queue Delay/Average Travel Time 
Stopped Delay (Vehicle-Seconds) 
Number of Vehicles Incurring Stopped Delay 
Percent of Vehicles Incurring Stopped Delay 
Average Stopped Delay (Seconds) 
Average Stopped Delay/Average Travel Time 
Delay Below 10.0 MPH (Vehicle-Seconds) 
Number of Vehicles Incurring Delay 

Below 10.0 MPH 
Percent of Vehicles Incurring Delay 

Below 10.0 MPH 
Average Delay Below 10.0 MPH (Seconds) 
Average Delay Below 10.0 MPH/Average 

Travel Time 
Vehicle-Miles of Travel 
Average Vehicle-MIies of Travel 
Travel Time (Vehicle-Seconds) 
Average Travel Time (Seconds) 
Number of Vehicles Processed 
Volume Processed (Vehicles/Hour) 
Time Mean Speed (MPH)= Mean of Al I 

Vehicle Speeds 
Space Mean Speed (MPH)= TOT Dist/TOT 

Travel Time 
Average Desired Speed (MPH) 
Average Maximum Acceleration (Ft/Sec/Sec) 
Average Maximum Deceleration (Ft/Sec/Sec) 
Overal I Average Total Delay (Seconds) 
Overal I Average Queue Delay (Seconds) 
Overal I Average Stopped Delay (Seconds) 
Overal I Average Delay Below 10.0 MPH (Sec) 
Percent of Approach Vehicles Making Movement 
Average Queue Length 
Maximum ueue Len th 

Exist Ing 
Conditions 

8651.0 
79 

100.0 
109.5 
75.9 percent 

8200.0 
76 
96.2 

107.9 
74. 7 percent 

3899.0 
76 
96.2 
51.3 
35.5 percent 

9921.0 

79 

100.0 
125.6 

87.0 percent 
16.504 
0.209 

11403.2 
144.3 
79 

395.0 

5.5 

5.2 
21.9 
3.8 
3.2 

109.5 
103.8 
49.4 

125.6 
37.4 
12.9 
20 
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ALTERNATIVES 
Revised 
Signal Timing 

6585.9 
95 

100.0 
69.3 
66.7 percent 

5498.0 
86 
90.5 
63.9 
61.5 percent 

2071.0 
86 
90.5 
24. 1 
23.2 percent 

7840.0 

95 

100.0 
82.5 

79.4 percent 
19.84 7 
0.209 

9872.4 
103.9 
95 

475.0 

7.2 
21.9 
3.7 
3.0 

69.3 
57.9 
21.8 
82.5 
43.2 
8.0 

16 

Increased 
Turn Radius 

5639. 2 
98 

100.0 
57.5 
62.3 percent 

4520.0 
85 
86.7 
53.2 
57.5 percent 

2038.0 
85 
86.7 
24.0 
25.9 percent 

5984 .o 

98 

100.0 
61. 1 

66.1 percent 
20. 361 
0.208 

9058. 1 
92.4 
98 

490.0 

8.7 

6. 1 
21.6 
3.5 
3.0 

67.5 
46. 1 
20.8 
61. 1 
44.3 
6.5 

16 
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Increased Turn Radius 

The increase in the radius tor the southbound 
right turn lane from ten (10) feet to fifty 
(50) feet resulted in significant improve
ments tor traffic. Table 13 provides the 
most meaningful statistics. As would be 
expected, an advantageous change occurred in 
al I measures of effectiveness. 

The most noticeable change is the increase in 
the number of veh i c I es per hour the approach 
accoITT110dates { from 395 veh i c I e per hour to 
490 vehicles per hour), an increase of ap
proximately 24%. As a result of the in
creased volume, and higher travel speed in 
the turn the average stopped delay has de
creased from 49.4 seconds to 20.0 seconds {a 
58% decrease). This is further demonstrated 
by the reduction in average queue length from 
12.9 vehicle to 6.8 schedules. 

Sulllll8ry of Work Effort Required 

The fol lowing statements provide a brief sum
mary of the work effort required to solve the 
above example problem. 

Data Col lectlon - Since data on traffic vol
ume, signal timing and geometric designs were 
ava i I able from city fl les, I ittle time was 
required. However, no field study was con
ducted to validate the model. It would be 
desirable to conduct an intersection delay 
study to obtain information on the number of 
vehicles stopped and stopped delay per vehi
cle for each lane and movement. Also data on 
headway d I str I but ion wou Id be adv I sab I e. 
This would require two people tor 45-60 min
utes per approach, or approximately eight (8) 
manhours of data col lectlon. An additional 
tour-six manhours would be required tor data 
summary and evaluation. 

Data Coding - Approximately eight hours were 
required to code the existing condition. 
Another six to eight trial runs were required 
to review output and determine corrections 
required. This time would have been con
s i derab I y shorter had someone been ava I I ab I e 
who was fami I far with model output to assist 
in identifying coding errors. Once the 
existing conditions data was coded and the 
model execution completed, only a few 
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trials were required to make changes. In 
actual practice, one should plan on three 
or four mandays of effort to proper I y cooe 
and calibrate the model to existing 
conditions. 

Computer Time - Execution time tor the 12 
minute simulation period on the IEfv1 360/320 
for the various runs required slightly over 
110 seconds per run. Core storage of 258K 
was required. The same problem was run on 
the developers CYBER 170/75 and required an 
average of 59 seconds. 
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CHAPTER 6 - PASSER 11(80) (ARTERIAL OPTIMIZATION MODEL) 

The use of systems for coord fnatlng traff I c 
signals along arterial highways to provide 
continuous movement of traff I c has been a 
c0111110n I y used traff I c control strategy for 
many years. The design of such systems bas' 
become Increasingly more sophisticated, as 
here the hardware systems themse Ives. 

In recent years, computer programs have been 
used to determine the 11optfmal" signal system 
design. Programs such as SIGART, SIGPROG, 
and S I GOP have a I I been used, often exten
s f ve f y. However, these earl ler models suffer 
several ser fous I Imitations In today's tech
nological environment. Modern traffic con
trol fers are extremely sophf stlcated and can 
handle multi-phase, mufti-spilt requirements. 
The ear Iler programs are general fy unaole to 
deal with this level of sophistication. 

Today's operating environment Is frequently a 
I lnear arterial highway with multiphase con
trol at any Intersection with either a fixed 
or semi -actuated control system. The compu
ter model described In this chapter was de
veloped In response to the needs of practic
ing traffic engineers to design optimal sig
nal timing In this environment. The orlgfnal 
model, cal led PASSER I, was developed at 
Texas A&M University's Texas Transportation 
Institute for use In the Dallas Corridor Pro
ject sponsor~ by the Federal Highway Admln-
1 strati on C FHWA) and the Texas State Depart
ment of Highways and Publ le Transportation 
CSDHPT> In cooperation with the City of 
Dallas. It was later adapted and expanded as 
PASSER 11 for off-I lne processing and analy
s Is purposes In HPR Project 165, sponsored 
Jointly by the Texas SDHPT and FHWA. 

The Texas SDHDT maintains the model and It Is 
used extensively by Its staff as wel I as num
erous local traffic engineers. The current 
version Is cal led PASSER 11(80) hereafter re
ferred to as PASSER 80. The computer program 
Is written In FORTRAN IV. The model has been 
set up on nUMrous computers with reletlvely 
I lttle difficulty. It Is estl11111ted that 
machines with core storage of 92K bytes can 
handle most problems. 
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Figure 47. Typical Signal lzed Arterial 
System In Urbanized Area. 

N0DEL DESCRIPTION 

PASSER 80 Is an acronym tor Progression Anal
ysis and Signal System Evaluation Routine, 
version 1980. Thebasfc purpose of the model 
Is to ass I st the tr aff I c eng In eer In de18r
m f n Ing optl1111I 1rattlc signal timings tor 
progression along an arterial considering 
var fous mu It I phase sequences. 

The model was des I gned to cal cu fa18 al I of 
the signal timing Information needed tor plan 
development and tfeld Implementation. The 
program cal cu fates degree of saturation, 
delay and probablllty ot queue clearance tor 
a I I movements. 

The opt I ml zat Ion a Igor I thm of PASSER 8) 
Identifies (from those permitted) the best 
~ycfe length, phasing sequence and offsets-
best being defined as that combination which 
resu Its In the greatest bandw ldths In both 
d fractions of travel. Phase splits are 
calculated to minimize delay at each Inter
section. 
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INPUT REQUIREMENTS 

The authors of the model designed the program 
to use data norma I I y col I ected and used by 
practicing traffic engineers in developing 
signal timing plans. The current program can 
handle up to twenty (20) signalized intersec
tions along a single arterial highway. 

Three types of input cards are used for 
PASSER 80 - 1) arterial header data, 2) 
I ntersectlon header data, and 3) Intersection 
deta i I data. These data are recorded on 
standard computer in put cards and submitted 
for computer process! ng as shown in Figure 
48. 

Card Type 3 
Intersection Details 

( I Per intersection) 

Card Type 2 
Intersection Description 

Card Type I 

Arterial Header 

Figure 48. Passer I I Data Deck 

Arterial Header - This single card is used to 
descr lbe the arterial signal system under 
study and defines the general analysis para
meters and options. 

Intersection Header - One card is required 
for each signalized intersection to describe 
the location, connecting link description and 
signal phasing information. 
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Intersection Deta i Is - Three cards are re
quired for each signalized intersection. 
Card one is for traffic volumes for each of 
the movements, card two is for the saturation 
f I ow rates for the respective traffic move
ments and the third card is to estab I i sh the 
minimum phase length for each movement. 

A summary description of the in put data tor 
each of the card types Is inc I uded in Tab I e 
14. A more detailed description and hints on 
coding input data are inc I uded in the refer
ence 11Bterial. Standard coding forms are 
also available (Ref. 6.8). 

OPERATIONAL SUMMARY 

PASSER 80 is a macroscopic, deterministic op
timization model. The user inputs minimum 
and maximum cycle lengths and the number of 
seconds the program wi I I increment and use 
between the lower and upper cycle length 
I imi ts. With these data, the program seeks 
the optimal design by iteratively varying the 
splits and offsets for each design cycle 
length and determining the "bandwidth effi
ciency". The variation of splits is natur
ally constrained by the minimum green times 
Input. The variation of off sets is about the 
desired progression speeds Input. 

It is suggested that tor best engineer Ing, 
the range of cycle lengths be limited to ten 
( 1 0) seconds between mi n i mum and rra x I mum. 
This limitation only means that it is neces
sary to make multiple runs with varied mini
mum and maximum cycle lengths and minimum 
movement green times to study a broader range 
of possibll itles. 

The model can analyze up to four (4) arter lal 
phase sequences (with or without overlap) per 
Intersection and will select, from those 
available for consideration, the phase se
quence at each intersection that provides the 
best overal I arter lal progression. The per
missible phase sequences which can be selec
ted for evaluation are shown In Figure 49. 
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Table 14 - Input Requirements for PASSffi 80 

CARD TYPE DATA DESCRIPTION REQUIREMENTS 

Arter i a I Header Card Run Number Arbitrarv number to identify run 
(1 per arterial) Name of City & Arterial User Choice 

District Number User Choice 
Date of Run Month, Dav. Year 
No. of SI ana I I zed Intersections Maximum 20 
Isolated or ProQressive Tvoe of ooeration 
Smallest Cycle Lenath Greater than sum of minimum areen 
Laraest Cvcle Lenath Norma 11 v 10 sec. over min I mum eye I e 
Cycle Length Increments No. of seconds to increment between 

the lower and upper bounds on the 
cvcle lenath in even seconds 

Bandwidth Specification Option Percent of tota I bandwidth to be 
(Optional) provided in 118 11 direction 
Variable Speed Optlon(Optlonal) Analysis to inc I ude variation of 

link speedsc±2 mph) 
Printer Plot (Optional) Time-space diaaram (TSO) printed 
Line Plot (Optional) Use Line Plotter tor TSD 
Standard or NEMA Whether movement numbers are to be 

standard or NEMA number. 
Intersection Header Name of Cross-street Reau ired 

Card Intersection Number Seauentlal In "A" direction. 
( 1 per Intersect ion) Distance "A" Direction Distance In feet from previous slg-

nal to this one In "A" direction 
"A" Direction - Average Speed Desired average progression speed 

In "A" direction 
DI stance 118 11 DI rect Ion Distance In feet from this signal 

to the next in the 118 11 direction 
118 11 Direction - Average Speed Desired average progression speed 

i n "B" d I rect I on 
Queue Clearance "A" side Amount of time by which the pro-
(Optional) gresslon band wil I I ag the start 

of the "A" direction areen 
Queue CI ear ance 11B11 side Amount of time by which the pro-
(Optional) gresslon band wil I lag the start 

of tha 118 11 direction areen 
Phase sequence tor arter la I a) Lead Ing left-turns 

(code at I east one) bl Lead Ing thrus 
cl Leading green 

Phase sequence for cross- dl Laggl ng green 
street Conly one) 

Intersect ion Deta i I Traffic Volumes* Inter sect Ion number and tratfi c 
Cards volumes tor each movement 

(3 per Intersection) Saturation Capacity Flow* Intersection number and saturation 
flow tor each movement 

Minimum Green Times* Intersection number and minimum 
areen time for each movement 

*These data are placed on separate cards tor each Intersection. 
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OVEIILAP 
PHAIIES 
OPTIONAL 

--2 ♦ 4 

----
-r--

2+1 Or 

~ 
1+4 

../1 
1+5 

----
-r--
~Or 

I+ 4 

-,- ____,L_ 
2+5 1+4 
--- -----
- ~ - -
2+4 2t4 -------- ---- ----- __, 

.// - r--I ♦ I 1+4 I ♦ 4 1+5 

LEFT THROUGH LEADING LAGGING 
GREEN TURNS MOVEMENTS GREEN 

FIRST FIRST 

Figure 49. Permissible Phase Sequences 

The user must select one or more of the four 
basic phase sequences for the arterial per
mi ttlng the program to select the optimal 
solution for arterial progression and only 
one sequence for the cross-street approach. 
The user has the option to either delete a 
phase, to specify only one of the specific 
sequences and/or to perm It over I ap between 
phases. 

C<WUTATIONAL AL~ITil4S 

The deve I oper s of the rood e I 
Brooks Interference Al gor I thm 
Optimized Unequal Bandwidth 
extended them to multi-phase 
t Ions. 

have combined 
with Little's 
Equation, and 
signal opera-

The program first determines the optimal 
demand/capacity relationships and from these 
green splits are determined. Trial cycle 
I engths, phase, patterns and offsets are var
I ed to determine the "best" set of timings, 
I.e. that which maximizes the bandwidths. 

The salient computational expressions Include 
the fol lowing: 

(1) Determine Maximum Bandwidth (Bmax) 
by Direction. 

B = G 
max O. 

min 

+G 
I 
min 

- I 
I 
min 

(6. 1 > 
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where: r-,._ 
'-'Vmi n 

= minimum outbound progres
s Ive green. 

G1min 

I· 1min 

= minimum inbound progressive 
green. 

= min I mum poss! b I e Inbound 
band interference optimized 
subject to upper and I <Mer 

I imi ts. 

(2) Determine Maximum Band Efficiency (Ec) 

E 
C 

where B 
a 

Bb 
C 

B + B 
a b 

2C 

bandwidth in 11A11 direction 
= bandwidth in 11811 direction 

cycle length 

(3) Determine Green Time Cg) 

(6. 2) 

Green times ( including clearances) are deter
mined by a grad lent search technique which 
minimizes delay at the intersection (subject 
to specified ml n I mum greens). The a Igor i thm 
shl fts the phase change times in sma I I Incre
ments unt i I the I east cal cu I ated delay Is 
obtained. The calculation of delay Is dis
cussed I ater. 

The last relationship (the objective func
tion) Is the basis of the most significant 
algorithm used. Some earlier rrodels required 
that the bandwidths be equal. This ls not 
the case for PASSER 00, In fact neither 
direction is automatlcal ly favored. 

If It Is desired to favor one direction, this 
can be done by use of the min I mum percent of 
progress! ve bandw I dth (Option 1) on the 
Arterial Header Card or by appropriate ad
justments to the desired progressive speeds 
on the Intersection Header Card or by adjust
ments to minimum green times on the Intersec
tion Detail Card. This is subject to the 
avallablllty of sufficient green time to be 
absorbed by the 11B11 d lrectlon. 



(4) Degree of Saturation (X) 

X 
vc 
gs 

(6.3) 

where: V = tr aft i c vo I ume 
C = cycle length 
g = effective green time 
s = saturation flow rate 

(5) Estimate of Delay (D) 

The delay estimate is based on a modification 
to Webster I s method. The mod It i cat ion takes 
into account the differences in arrival rates 
between green and red. 

x2 
D = 

VR C(1-g/c) 2 

2Vll+(VR/(S-VG))I + 2(¥/3600)(1-X) 

-0.65(C/(V/3600))l/
3 X(2+5gk) 

(6.4) 

where: VR = traffic arrivals on red 
VG = traffic arrivals on green 

and all other terms have been defined pre
viously. 

(6) Probability of Queue Clearance (P) 

The probabl lity of the queues clearing in the 
available time is calculated by Mi ller 1 s 
method: 

(6.5) 

when: e = the natural base of logarithms 
g I(1-X)/Xl - (Sg/3600)1/2 

There are several I imitations on these esti
mates, as described In Reference 6.8. 

OUTPUT REP~TS 

Outputs from PASSER 80 cons I st of printed 
reports and optional time space plots by 
e I ther the pr inter or I In e p I otter. 
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Pr lnted Reports 

The printed reports are of two types. The 
first is simply a listing of the input data 
as submitted to the computer. This report, 
i I lustrated on Figure 50, shows al I input 
data in a clear, readable format. 

At the top of the report information is shown 
that was provided on the arterial header 
card. Fol lowing this heading is a descrip
tion of the information coded tor each inter
section. Notice that each of the permissible 
phase patterns that can be evaluated at this 
intersection is shown, as wel I as an indica
tion if overlap is permitted. Also shown are 
the volumes, saturation flows and minimum 
green time tor each movement. The movement 
numbers correspond to a standard coding 
format (or NEMA standard movement numbers it 
requested). 

The second report (Figure 51) includes guide
I ines tor minimum and maximum cycle length 
for each intersection of operating at an i so-
1 ated intersection. These are based on an 
assumed I eve I of serv Ice of "D" on a I I ap
proaches. It the ''opt i rre I II cy c I e I ength 
given in the "Best Solution" (figure 52) is 
not within this range, excess delay may over
come the benefits of progression. 

The third report presents the "Best Solution" 
for signal timing at the intersections in the 
system. As shown on Figure 52, the report 
presents cycle length, bandwidth efficiency, 
attainabi I ity and average progression speeds 
thru the system. Then, tor each intersection, 
the detailed results are reported. The off
set is given, along with the phasing strat
egy. Then tor each phase the included move
ments and green time ( including amber and 
al I-red) are given. Finally the degree of 
saturation, delay, probability of queue 
clearance and levels of service based on each 
of these are given tor all movements. Total 
delay is also given tor each intersection and 
the entire artery. 

Plots (Optional) 

Figure 53 shows a typical printer plot of the 
t I me-space diagram. Both bands are p I otted 
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MULTIPHASE ARTERIAL PROGRESSION PROGRAM - PASSER II-80 

TAMPA, FLA 

OPTIONS IH EFFECT ARE I 2 

ASHLEY DRIVE 

INPUT DATA 

HUMBER OF 
INTERSECTIONS 

LOWER CYCLE 
LENGTH 

UPPER CYCLE 
LENGTH 

DISTRICT 

CYCLE 
INCREMENT 

10/23/81 RUN NO. 5 

8 80 90 2 
MMMMNNNMNMMMMMMMMMMNMNMMMNNMMMMMNMMNMMMMMMNMMMMKMMMKMMMMMMMMMMMMKMMMMMMMMMMKMMMMKKKMNKMKMMKMMMMMMMMKMKMKM 

KMKKM INTERSECTION 1 JACKSON 

SPEED DISTANCE 1 TO 0 SPEED DISTANCE 0 TO 
o. FT 25. MPH 0. FT 25. MPH 

MAJOR ST. MIHOR ST. 
A SIDE QUEUE CLEARANCE B SIDE QUEUE CLEARANCE 

0 SEC 4 SEC· 
THROUGH MOVEMENTS FIRST WITH OVERLAP 
LAGGING GREEN WITH OVERLAP 

MOVEMENTS 

2 3 4 5 6 

VOLUMES 0 484 436 577 0 0 

SAT. CAPACITY 0 3590 1640 3590 0 0 

MINIMUM GRiEN 0 14 23 14 0 

Figure 50. Typical Listing of PASSER 80 Input Data 

CODING ERROR MESSAGES 

HO APPARENT CODING ERRORS 

IHTERSEC:rIOH 
INTERSECTION 
INTERSECTION 
I HT ERS ECTI OH 
INTERSECTION 
INTERSECTION 
INTERSECTION 
INTERSECTION 

JACKSON 
2 KENNEDY 
3 MADISON 
4 TWIGGS 
5 ZACK 
6 POLK 
7 CASS 
a TYLER 

MINIMUM ADVISABLE 
CYCLE LENGTH 

34. 
47. 
38. 
42. 
34. 
47. 
34. 
81. 

MAXIMUM ADVISABLE 
CYCLE LENGTH 

50. 
69. 
56. 
63. 
50. 
69. 
50. 

100. 

7 

0 

0 

0 

IF THE CYCLE LENGTH SELECTED IN THE BEST SOLUTION IS HOT WITHIN THE RANGE SHOWN ABOVE 
THE MAXIMUM BAND WIDTH MAY BE PRESENT BUT UNDULY LARGE DELAY MAY BE PRESENT 

Figure 51. PASSER 80 Optimal Cycle Length Ranges 

112 

8 
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0 
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MULTIPHASE ARTERIAL PROGRESSION PROGRAM - PASSER II-80 

TAMPA, FLA ASHLEY DRIVE DISTRICT 10/23/81 RUN NO. 5 

BEST SOLUTION 

CYCLE LENGTH= 90 SEC. BAND A= 28 SEC. BAND B = 17 SEC. 0.26 EFFICIENCY 0.80 ATTAINABILITY 
AVERAGE PROGRESSION SPEED - BAND A= 27 MPH. BAND B = 27 MPH. 

**** INTERSECTION 0. 0 SECONDS OFFSET ARTERIAL PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST 
JACKSON 0. 0 ¾ OFFSET CROSS STREET PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST 

ARTERIAL CROSS STREET 

MOVEMENTS 2+4 2+3 1+3 TOTAL MAJOR ST 6+8 6+7 5+7 TOTAL MIHOR ST 

GREEN TIME SECS 34.9 55. 1 0.0 90.0 0. 0 0. 0 0. 0 0.0 
GREEN TIME (¾) 38.8 6 1. 2 o.o JOOOE 0. 0 0. 0 0. 0 0. 0 

----------------------- MEASURE OF EFFECTIVENESS-----------------------

MOVEMENTS 2 3 4 5 6 7 8 

XRATIO 0. 0 0. 141 0.468 0.470 0. 0 o.o 0. 0 0.0 

LEVEL OF SERVICE A A A 

DELAYCSEC/VEHJ 0.0 1. 76 12.85 23.90 0.0 0. 0 0. 0 0. 0 

LEVEL OF SERVICE A A B 

PROBABILITY OF 
CLEARING QUEUE 1. 000 1.000 1. 000 1. 0 00 1. 0 00 1.000 1. 000 1. 000 

LEVEL OF SERVICE A A A 

TOTAL INTERSECTION DELAY CSEC/VEHJ 13.52 

Figure 52. Typical PASSER 80 "Best Solution" Report 

TAl'IPA, FLA 
HORIZONTAL SCALE 

VERTICAL SCALE 
INCH 30 SECONDS 

TYLER 
40.55 45.0¥ 

CASS 
30.1S 33.4X 

POLK 
33.65 37.3X 
14.15 20. IX 

TWIGGS 
4.95 5.4X 

MADISON 
a4.2S 93.n 
1.2s a.ox 

JACKSON 
o.os a.on 

CYCLE LENGTH 90 SECONDS INCH 1000 FEET . 
11011==== 

• 
+♦♦ +++++--- - - ----- -- - ++++++++-- ----- - ----- +++ + ++++-- .. - - - :z - -- - - - ++++++++:::z: . . 
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MM:: - - - : : : : - - :-- - -- - - - - - - . ----- - : : : :: : : : : :: :: :: ------ - - ---- - -- - -- - :: :: :: :: :: :: :: :: ::: :: ::- ------- ----------::::: :::: :::: - :: :::::--------------... 
27 1'1PH 

21 SECOND BAND 

F lgure 53. 

. .. 
27 1'1PH 

17 SECOND BAND 
••• DUAL LEFT (1+3) 

STRAIGHT THRU C2+4l 
+++ LEADING GREEN C 1+4 l 

LAGGING GREEN (Z+~) 

Typical PASSER 80 Time Space Diagram Plot 
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and their widths and speeds are written at 
the bottom of the plot. The horizontal 
(time) scale plots show the phasing tor dual 
left, straight thru, and leading and lagging 
green. Blank sections are red on the artery. 
The plot can be used to quickly identity 
critical intersections or to "fine tune" the 
offsets by shifting them to provide more lag 
green time ahead of the band to clear queues. 

ADDITIONAL FEATURES 

PASSER 80 was written to desl gn progress I on 
a I ong an ar ter i a I • It can a I so be used to 
analyze single intersections. To analyze 
s Ing I e Intersections the user wou Id Input a 
dummy I ink with zero speeds and distances. 
The remainder of the input data should be the 
same as the input tor the Intersection to be 
analyzed. 

To analyze existing signal timing the user 
should Input the known cycle length, with no 
variation al lowed and zero traffic volumes on 
the intersection deta 11 cards. The program 
wil I then use the minimum green as the actual 
green. This feature permits the user to exa
mine other traffic engineering improvements, 
such as installing median refuge zones to 
reduce pedestrian clearances or alterations 
in park Ing pol i cies. 

The model can also be run in the "isolated" 
mode, which wil I design phase splits based on 
minimum delays, but no offset optimization is 
performed and at I arrivals are assumed to be 
uniform. This feature, however, requires a 
constant cycle length on al I signals. 

APPLICATIONS AND LIMITATIONS 

PASSER 80 is a tool to assist the engineer in 
analyzing Individual signal lzed Intersection 
operations or to determine optimum time-space 
based progression along an arter lal. The 
program determines optima I values of al I 
traffic signal timing parameters: cycle 
I ength, sp 11 ts, phase sequences and off sets. 
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Several program runs may be needed before a 
final progression solution ls calculated. 

The major limitation is the narrCM range of 
cycle lengths that can be tried in a given 
run, but, as stated earlier, this is easily 
overcome by multiple runs. The reason tor 
this Is that Infeasible solutions may result 
tor certain cycle lengths. The restricted 
range of cycle lengths affords the user the 
opportunity of carefully examining "optlrrel" 
solutions at several cycle lengths, therEi>y 
el lminating the Infeasible solutions. 

Finally, while phase sequencing is automatl
cal ly 11optlmlzed 11 , selection of the best 
sequences depends on so many factors requir
ing engineering judgment. On the other hand 
the program can assist the engineer by giving 
the optlrrel solution under a variety of 
sequence strategies Input in several runs. 

EXAWLE APPLICATION 

To illustrate the capabilities and use of 
PASSER 80 an existing signalized arterial 
which is in operation in the dCMntown area of 
Tampa, Fl or Ida, was se I ected as an examp I e 
application. The tollCMing describes the 
arterial and the use of the PASSER 00 model 
to eva I uate the existing sf gnal system. 

Probl• Description 

A I Ink node sketch of the arterial used tor 
the purpose of 11 lustratlng the PASSER 00 
model capabilities and applications is shown 
In Figure 54. This arterial, Ashley Drive, 
Is located along the western boundary of the 
Tampa CBD. Ash I ey Drive prov I des one of the 
major entrances to the CBD from the adjacent 
urbanized area vi a Interstate 1-75 whose on 
and oft ramps lead directly on-to Ashley 
Drive. Access 1o the connecting one-way 
streets serving the downtown area to the east 
ls provided as wel I as rrejor parking 
faci I I ties to the west. 

Ashley Drive ls a multi-lane divided roadway 
varying from two lanes In each direction at 
the south end 1o six and eight lanes at the 
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Figure 54. PASSER 80 Link-Node Network - Ashley Drive 
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north end. Exclusive left turn storage is 
provided tor al I permitted left turns. In 
several instances curb lanes have been re
str icted tor right turn vehicles only. Curb 
parking is not permitted, although there are 
frequent driveways to major parking taci Ii
ties. Although buses use the facility, there 
are no bus stops. 

Traffic signals control the eight street in
tersect ions. One is a two phase ti xed ti me 
signal at the south end, Jackson Street. The 
remaining intersections are control led by ac
tuated signals. However, the signals are al I 
supervised by a Master Controller with three 
dial operation. In actuality the seven actu
ated signals act as semi-actuated signals 
with a background cycle during the P.M. peak 
hours of 90 seconds. Detectors are located 
on the sl de streets or in I eft turn bays, to 
cal I the minor phases except at Kennedy 
Boulevard. 

Kennedy Boulevard was the example problem 
used in the chapter for the SOAP mode I • The 
major (non-actuated) phase is on the east 
approach of Kennedy Boulevard. Although it 
operates as a five phase signal, it can be 
considered to basically serve as a three 
phase controller. The other two phases are 
basically a lag phase tor minor left or right 
turn mi nor movements to provide addition a I 
pedestrian clearance on two approaches. 

At the intersection of Madison Street, a 
three phase signal is provided with a leading 
I ett turn phase tor southbound tr aft i c. At 
Twiggs, Zack, and Cass Streets, two phase 
signals are provided (for side street traffic 
at Twiggs and Cass Steets, where southbound 
left turns are prohibited, and tor southbound 
left turns at Zack Street). The Tyler Street 
intersection provides a three phase signal 
with a lagging left turn phase tor northbound 
tr aft i c. 

The present signal system is under three dial 
operation, however, tor ii lustrative purposes 
the examp I e prob I em w i I I be Ii mi ted to an 
evaluation of the P.M. peak hour. 
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Analysts of Existing Condition 

The PASSER 80 model does not permit model Ing 
of existing conditions. It is possible to 
model existing cycle length (by setting mini
mum and maximum cycle length equal to exist
ing cycle length), phasing (by defining only 
existing sequence), and phase I ength ( by set
t in g minimum greens equal to present splits). 
However, there is no method to estab I i sh 
existing offsets in order to determine actual 
bandwidths, and progressive speeds. 

Figure 54 shows a I ink-mode network tor Ash-
1 ey Drive. This illustrates the existing 
traffic volume tor each movement and the dis
tance betweens stop bars in each direction. 
With the information on this sketch, along 
with street widths, sufficient information is 
available to code the arterial network. 

Define and Analyze Alternatives 

In order to define the alternatives standard 
coding forms deve I oped by the Texas SDHPT 
were used. Figure 55 shows the coded input 
data tor the example problem tor evaluating 
cycle lengths ranging between 60 and 70 sec
onds. It is important to note that it is 
possible to look at several permissible phase 
sequence on the areter ial but only one se
quence can be specified tor the cross street. 
Figure 56 shows the output tor this run. A 
total of seven runs were made to permit eval
uation of cycle ranges between 60 seconds and 
130 seconds. 0,e run was also made to repre
sent existing intersection signal timing but 
not actua I oft sets. 

The range of 60-130 second cycle lengths was 
used to illustrate the ~E's tor this range. 
However, from a practical standpoint, the 
range shou Id ta I I between .85 of the I ongest 
cycle length and 1.5 of the shortest cycle 
length tor optimum "isolated intersection" 
operation. Thus, a rrore practical range 
wou Id fa I I between 70 and 90 seconds. The 
eye I e I engths bet ow 70 seconds and above 90 
seconds would not be considered or even 
become of excessive delay. 
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Figure 55. Coded PASSER 80 Input Data for Ashley Drive (Cycle length ranges 60 to 70 seconds) 
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MULTIPHASE ARTERIAL PROGRESSION PROGRAM - PASSER II-80 

TAMPA, FLA 

OPTIONS IN EFFECT ARE I 2 

ASHLEY DRIVE 

INPUT DATA 

NUMBER OF 
INTERSECTIONS 

LOWER CYCLE 
LENGTH 

UPPER CYCLE 
LENGTH 

DISTRICT 

CYCLE 
INCREMENT 

8 60 70 2 

10/23/81 RUN NO. 3 

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

••••• INTERSECTION 1 

DISTANCE TO 
0. FT 

JACKSON 

SPEED 
25. MPH 

MAJOR ST. MIHOR ST. 
A SIDE QUEUE CLEARANCE 

0 SEC 
THROUGH MOVEMENTS FIRST 
LAGGING GREEN 

WITH 
WITH 

VOLUMES 

SAT. CAPACITY 

MINIMUM GREEN 

••••• INTERSECTION 2 

DISTANCE I TO 2 
286. FT 

KENNEDY 

SPEED 
25. MPH 

MAJOR ST. MIHOR ST. 

8 SIDE QUEUE CLEARANCE 
4 SEC 

OVERLAP 
OVERLAP 

MOVEMENTS 

2 3 4 

484 436 577 

3590 1640 3590 

14 23 14 

A SIDE QUEUE CLEARANCE 8 SIDE QUEUE CLEARANCE 
0 SEC 3 SEC 

DISTANCE I TO 
0. FT 

5 

DISTANCE 2 TO 
313. FT 

6 

SPEED 
25. MPH 

7 

SPEED 
25. MPH 

ARTERIAL PERMISSIBLE PHASE 
LEFT TURNS FIRST 
THROUGH MOVEMENTS FIRST 
LEADING GREEN 

SEQUENCE 
WITH 
WITH 
WITH 
WITH 

CROSS ST PHASE SEQUENCE IS LEADING GREEN 

MMMMM 

LAGGING GREEN 

VOLUMES 

SAT. CAPACITY 

MINIMUM GREEN 

INTERSECTION 3 MADISON 

DISTANCE 2 TO 3 SPEED 
291. FT 25. MPH 

MAJOR ST. MINOR ST. 

OVERLAP 
OVERLAP 
OVERLAP 
OVERLAP 

2 

644 

3590 

14 

MOVEMENTS 

3 4 

476 

5100 

14 

A SIDE QUEUE CLEARANCE B SIDE QUEUE CLEARANCE 
3 SEC 3 SEC 

5 6 7 

516 

2940 

23 23 

DISTANCE 3 TO 2 SPEED 
286. FT 25. MPH 

ARTERIAL PERMISSIBLE PHASE 
LEFT TURNS FIRST 
THROUGH MOVEMENTS FIRST 
L EADIHG GREEN 

SEQUENCE 
WITH 
WITH 
WITH 
WITH 

CROSS ST PHASE SEQUENCE IS LAGGING GREEN 

LAGGING GREEN 

VOLUMES 

SAT. CAPACITY 

OVERLAP 
OVERLAP 
OVERLAP 
OVERLAP 

2 

383 

3590 

MOVEMENTS 

3 

93 

2590 

4 

1254 

5100 

5 6 

102 

1440 

211 

1640 

8 

8 

584 

3420 

23 

8 

MINIMUM GREEN 14 10 14 23 23 0 

HO OVERLAP 

NO OVERLAP 

Figure 56. PASSER 80 Output Report tor Ashley Drive (Cycle length 60 to 70 seconds). 
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CODING ERROR MESSAGES 

NO APPARENT CODING ERRORS 

INTERSECTION 
INTERSECTION 
INTERSECTION 
INTERSECTION 
INTERSECTION 
INTERSECTION 
INTERSECTION 
INTERSECTION 

1 JACKSON 
2 KENNEDY 
3 MADISON 
4 TWIGGS 
5 ZACK 
6 POLK 
7 CASS 
8 TYLER 

MINIMUM ADVISABLE 
CYCLE LENGTH 

34. 
47. 
38. 
42. 
34. 
47. 
34. 
81. 

MAXIMUM ADVISABLE 
CYCLE LENGTH 

50. 
69. 
56. 
63. 
50. 
69. 
50. 

100. 

IF THE CYCLE LENGTH SELECTED IN THE BEST SOLUTION IS NOT WITHIN THE RANGE SHOWN ABOVE 
THE MAXIMUM BAND WIDTH MAY BE PRESENT BUT UNDULY LARGE DELAY MAY BE PRESENT 

MULTIPHASE ARTERIAL PROGRESSION PROGRAM - PASSER II-80 

TAMPA, FLA ASHLEY DRIVE DISTRICT 10/23.,81 

BEST SOLUTION 

RUN HO. 

CYCLE LENGTH= 70 SEC. BAND A= 18 SEC. BAND B = 11 SEC. 0.21 EFFICIENCY 0.66 ATTAINABILITY 
AVERAGE PROGRESSION SPEED - BAND A= 27 MPH. BAND B = 27 MPH. 

•••• INTERSECTION 0.0 SECONDS OFFSET ARTERIAL PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST 
JACKSON 0. 0 l: OFFSET CROSS STREET PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST 

ARTERIAL CROSS STREET 

MOVEMENTS 2+4 2+3 1+3 TOTAL MAJOR ST 6+8 6+7 5+7 TOTAL MIHOR 

GREEN TIME SECS 27.4 42.6 0. 0 70.0 0. 0 0. 0 0. 0 0.0 
GREEN TIME (l:) 39.1 60.9 0. 0 WMHM 0.0 0.0 0. 0 0. 0 

----------------------- MEASURE OF EFFECTIVENESS -----------------------
MOVEMENTS 2 3 4 5 6 7 8 

XRATIO 0. 0 0. 143 0.482 0.483 0.0 0.0 0. 0 0. 0 

LEVEL OF SERVICE A A A 

OELAYCSEC?VEH) 0. 0 1. 56 11. 11 19.34 0. 0 0.0 0. 0 0. 0 

LEVEL OF SERVICE A A B 

PROBABILITY OF 
CLEARING QUEUE 1. 000 1. 000 0.999 1. 000 1. 000 t. 000 1.000 1.000 

LEVEL OF SERVICE A A A 

TOTAL INTERSECTION DELAY CSEC.,VEHl 11. 19 

ST 

Figure 56. PASSER 80 Output Report tor Ashley Drive (Cycle length 60 to 70 seconds) (Cont1d). 
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BEST SOLUTION COHTIHUED 

•••• INTERSECTION 2 7.2 SECONDS OFFSET ARTERIAL PHASE SEQUENCE IS LAGGING GREEN 
KENNEDY 10.3 ¾ OFFSET CROSS STREET PHASE SEQUENCE IS LEADING GREEN 

ARTERIAL CROSS STREET 

MOVEMENTS 2+3 2+4 H4 TOTAL MAJOR ST 5+8 6+8 6+7 TOTAL MIHOR ST 

GREEN TIME SECS 0. 0 23.8 0. 0 23.8 23.0 0. 0 23.2 46.2 
GREEN TIME (¾) 0. 0 34.0 0.0 34.0 32.9 0. 0 33. 1 66.0 

----------------------- MEASURE OF EFFECTIVENESS-----------------------

MOVEMENTS 2 3 4 5 6 7 8 

XRATIO 0. 0 0.634 0. 0 0.330 0. 0 0. 0 0.640 0.629 

LEVEL OF SERVICE B A B B 

DELAY(SEC/VEH> 0. 0 24.94 0. 0 1.28 0.0 0.0 24. 15 23.79 

LEVEL OF SERVICE B A B B 

PROBABILITY OF 
CLEARING QUEUE 1. 000 0. 983 1. 000 1. 0 00 1. 00 0 1. 000 0. 970 0. 981 

LEVEL OF SERVICE A A A A 

TOTAL INTERSECTION DELAY (SEC/VEHl 19.38 

TAMPA, FLA 

CYCLE LENGTH 70 SECONDS 
HORIZONTAL SCALE 

VERTICAL SCALE 
INCH 
INCH 

30 SECONDS 
1000 FEET 

Tn~:s 65.4¾ 
CASS 

24.0S 34.3¾ 
POLK 

26.2S 37.4¾ 
13.0S 18.6¾ 

TWIGGS 
4.6S 6.6¾ 

MADISON 
61.3S87.6¾ 

7.2S 10.3¾ 
JACKSON 

o.os o.o,: 

Figure 56. 

---------++++++ ---------++++++ ---------++++++ ---------++++++ 

=====--=--==-=-• 
M ;_;::::::-::-:: --------------- ::::::-=--=---- --------------- ----------
M-----::::::::::::::::::::::-----:::::::::::::::::::-----:::::::::::::::::::::::-----:::::::::::::::::::::-----:::::-::::::::::: 

•• 
M :::::::::::: ==----=-==-= • 
M:::::::::::::: ----==----=-==- ---:::::-:::::: ---::::::-:::::- ------=--=----: 
M -------- ::::::::: -------- -------- --------. . . . . 

MM:::::::::---------------:-----------------------------------------------------------------------------------··-
"A" 

27 MPH 
18 SECOND BAND 

"8" 
27 MPH 

11 SECOND BAND 
DUAL LEFT (1+3) 
STRAIGHT THRU (2+4) 

+++ LEADING GREEN (1+4) 
LAGGING GREEN (2+3) 

PASSER 80 Output Report tor Ashley Drive (Cycle length 60 to 70 seconds) (Cont'd). 
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Table 15 - Comparison of PASSER 80 Runs 

AVERAGE 
CYCLE SELECTED BAND A BAND B 'f, TOTAL DELAY PER 

RUN RANGE CYCLE SEC SPEED SEC SPEED EFF DELAY VEHICLE 
(Veh-Hrs) (Sec/Veh) 

1 120-130* 130 42 24 26 24 26 133.3 23. 71 

2 110-120* 112 36 23 22 23 26 101.76 18. 10 

3 100-110* 110 36 23 22 23 26 100. 19 17. 32 

4 90-100* 100 32 25 19 25 26 92.34 16.42 

5 80-90** 90 28 27 17 27 26 84.30 14.99 

6 70-80** 70 18 27 11 27 21 71.45 12. 71 

7 60-70* 70 18 27 11 27 21 71.45 12. 71 

EXIST 90 90 26 27 23 27 27 88.99 15.80 

*Outside range of advisable cycle length. 
**Range which would be used for analysis based upon lntital cycle length calculation for each 

intersection using Poisson method. 

Evaluation of Results 

Table 
runs. 
delay 
width 

15 provides a summary of each of the 
As cycle length increased the arterial 

to veh I cl es Increased, however, band-
a I so tended to become I arger, as 

expected. 

A comparison of the existing signal timing 
with optimum signal timing for the same cycle 
length (90 sec) showed only a slight differ
ence In total delay. This Is largely due to 
a sma 11 change in I ength of each phase at 
some intersect ions, a I though no phasl ng p Ian 
was changed. (Remember that the nodel did 
not represent the existing offset but used 
the model's result so this is not a true com
par i son. l 

In reviewing the results, a 90 second cycle 
would give the largest percent bandwidth (or 
efficiency of 26'/,) with minimum delay for 
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that level of efficiency (84.30 vehicle 
hours). The optimum cycle length to minimize 
delay would be a 70 second cycle with a 
71.45 seconds of delay or a reduction of 15'/,. 
Although not exp I lcitly defined by the model, 
It would appear that the 90 second cycle 
min lmlzed stops, but the length of the stops 
are Increased. 

s....,-y of Work Effort Reqqulr-nts 

The anount of work effort required to code, 
run and analyze the PASSER 80 model was mini
mal. The fol lowing summarizes this effort. 

Data Col lectlon - The data required for the 
PASSER 80 model Is minimal. Turning volumes, 
Inter sect Ion geometr i c and di stance between 
stop bars on each direction are al I that 
Is required. In the case of an existing 
system the existing signal timing would be 
useful. 



PASSER 11(80) 

Data Coding - Less than one hour was required 
to code this arterial problem and should be 
typical for most problems. 

Computer Time - Execution time on the IBM 
360/370 varied from .26 seconds for the 
existing condition to .38 seconds tor the 
highest cycle lengths investigated. Al I the 
problems were executed using 96K of storage. 
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CHAPTER 7 - PASSER III <DIAMOND OPTIMIZATION MODEL) 

The d I amond interchange Is the most common 
type of Interchange used today In both rura I 
and urban areas. In rural areas, this type 
of Interchange Is adaptable almost exclu
sively to rrejor-mlnor crossings and the 
traffic volumes are smal I so that traffic 
s I gns are used to control tr aft I c. 
areas, d I amond interchanges can 
I arge traff I c volumes by use of 
lanes, channel lzatlon, and traffic 
at the crossroad term Ina Is of the 
ramps. 

In urban 
hand I e 

storage 
signals 
freeway 

The signal lzation of diamond Interchanges 
presents an Interesting chai lenge to the 
traffic engineer. Quite often efficient 
movement of traffic through the Interchange 
is critical because of the potential tor 
tr aft I c to back up onto the freeway. The 
qual lty of service provided is related to the 
physical design and type of signalization at 
the interchange. 

There are rreny differences of opinion regard
Ing the best way to signal lze a diamond 
Interchange. The computer model described In 
this chapter was developed to assist the 
traffic engineer In determining the optimal 
traffic signal timings for signal lzed diamond 
Interchanges. The program Is app 11 cab I e to 
isolated Interchanges as wel I as a series of 
interchanges through which progression is 
desired a I ong one-way frontage roads. PASSER 
I I I, I Ike PASSER 11(80), was developed at the 
Texas Transportation Institute tor use in the 
Da I I as Corr I dor Project wh I ch was sponsored 
by the Federal Highway Administration (FHWA) 
and the Texas State Department of HI ghways 
and Public Transportation (SDHPT) In coopera
tion with thE. City of Dal las. PASSER II I was 
adapted and Improved upon In HPR Project 178 
which was also sponsored by the Texas SDHPT 
and FHWA. 

The Texas SOHPT maintains the model and Is 
used extensively by Its staff. 
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Figure 57 - Typical Signal lzed Diamond 
Interchange. 

MOOEL DESCRIPTION 

In urban areas, most diamond Interchanges are 
signal lzed at the ramp terminals, where the 
ramps intersect the cross street. DI amond 
Interchanges il"e normally characterized by 
their close spacing of the ramp terminals and 
the resulting smal I storage areas between the 
signals. In the early 19601 s the Texas 
Transportation lnsti tute of Texas A&M Un Iver
<> lty developed a novel signal lzatlon strategy 
for diamond Interchanges which took Into 
account the tact that the throughput (or 
capacity) of the system could be Increased by 
al lowing several potentially cont I lcting 
movements at the separate Intersections to 
occur simultaneously for a short time (Refer
ence 7. 1). This per iod was termed the "over
I ap phase" for obvious reasons, and the 
underlying concept has become a standard In 
the profession. 

PASSER I I I, which Is an Acronym for _!:rogress
I ve ~nalysls and 2_lgnal 2_ystem Evaluation 
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Routine, Model 111 {Diamond Interchange, see 
Reference 7.2), determines the optimal phase 
patterns, splits and internal offsets at sin
gle interchanges (tor given cycle lengths) 
and addi tlonal ly the optima I system cycle 
length and progression offsets tor the front
age road progress I on. The phys i ca I system 
considered is the signal lzed diamond inter
change, with or without thru frontage roads 
or a series of interconnected interchanges 
with progression on the parallel (frontage) 
road. 

The computer program Is written in FORTRAN IV 
and consists of about 3100 statements. It is 
estimated that machines with core storage of 
168K can accorrrnodate most problems. 

l~T REQUIREMENTS 

The input data required tor this program are 
similar to those needed by the PASSER 80 
model. The program uses data that are nor
mally collected and used tor signal analysis 
at diamond interchanges, with some special 
requirements. The current program can handle 
up to fifteen (15) interchanges in a single 
run. 

3 per 
Interchange 

Card 3 - Inter
change Deta i I Card 

I per 
Interchange 

Card Type 2 - Inter
change Header Card 

Cord Type I -
Freeway Header Card 

Figure 58. PASSER 111 Data Deck 
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Three types of input cards are used tor 
PASSER 111 - 1) treet1ay header card, 2) 
Interchange header card and 3) interchange 
detail card. These data are recorded using 
standard formats and submitted to the compu
ter as shown in Figure 58. 

Freeway Header - This card i dent I ti es the 
freeway and deti nes some general parameters 
and opt ions. 

Interchange Header - This card provides sig
nal ization and geometr le information tor each 
signalized interchange in the data set. Link 
data tor the frontage road must be prov I ded 
it a frontage road progression is desired. 
One card is required for each interchange. 

Interchange Deta 11 Cards - Three cards are 
required for each interchange. Card one con
tains traffic volumes, card two contains the 
effective number of lanes tor each movement 
and card three presents the minimum green 
time in seconds tor each signal phase. 

A summary descr I pt ion of the input data tor 
each of the card types are included in Table 
16. A more detailed description and Instruc
tions tor coding input data are included in 
the reference rreter ial. Standard cod Ing 
forms are ava i I ab I e tor the user. 

Most of the inputs are self-explanatory, but 
there are a few peculiarities which should be 
noted. PASSER Ill has two primary functions 
as noted earlier: a) isolated interchange 
optimization and b) coordinated progression 
on frontage roads. These modes can be run 
simultaneously tor a total system analysis, 
but this is quite expensive. The preferred 
approach is to run the isolated designs first 
and then using these results, run the pro
gressi ve analysis (it the lat1er is needed). 
Accord Ing ly, the user has to be aware of what 
inputs should be included in the respective 
runs. The two modes are discussed briefly 
below, then some general remarks. 

Isolated Interchange Mode 

When one or more interchanges are being opti
mized Independently the essential input re
quirement is to code a minus one (-1) in each 
of the five two column fields to cause PASSER 
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Table 16 - Input Requirements for PASSER I 11 

CARD TYPE CARD DESCRIPTION REQUIREMENTS 

Freeway Header Card Name of City User Choice 
( 1 per freeway) Name of Freeway User Choice 

District User Choice 
Run Number Arbitrary number to Identify run. 
No. of I nterchanqes Required 
Isolated Mode Isolated interchange( s) or frontage 

road oroqression. 
THE FOLLOWING IS ONLY FOR FRONTAGE ROAD PROGRESSION OPTION 

Progression Mode To indicate frontage road analysis 
Lower Cycle Lenqth Smallest Cycle length. 
Uooer Cycle Length Largest Cycle length. 
Cycle Length Increment In seconds. 
Min. 11B11 Direction Band Sp Ii t Percent of tota I bandwidth to be 

provided In 11B11 direction. 
Link Speed Search To permit 2 mph variation (optional) 
Pr i n ter P I ot Time Space Diagram (optional) 
Line Plot Use Line Plotter for TSO. 
X Scale Scale for time axis. 
Y Scale Scale for distance axis. 

Inter sect I on Header cross-:iTreer Name Keq u I red - user 1,;no Ice 
Card Interchange Number Must be sequential in "A" direction. 

( 1 per interchange) THE FOLLOWING IS ONLY FOR SINGLE INTERCHANGE ANALYSIS: 
Cycle Length In seconds. 
Delay-Offset Analysis User Choice 
Permissive Left Turns To define those permitted. 
Interior Travel Time Time required to travel from one 

intersection to the other. 
Interior Queue Storage No. of vehicles that can be stored 

(25 feet per vehicle) 
THE FOLLOWING IS ONLY FOR PROGRESSION ANALYSIS: 
"A" Direction Distance Distance to next Interchange. 
"A" Direction Speed Average Speed (MPH) 
"B" Direction Di stance Distance to next interchanqe. 
"B" Direction Speed Average Speed (MPH) 
Queue Clearance "A" & 11811 - amount of time the pro-

qressive band will lag. 
THE FOLLOWING IS REQUIRED FOR EITHER MODE 

Priority Phasing No. of seconds of d Ir ec ted internal 
offset for each phaslnq code. 

Interchange Derail lrattlc Volumes~ 1ratt1c volumes tor lti movemenTs 
Cards Number of Lanes* Effective lanes which serve each 

(3 per interchange) movement 
Minimum Green* M In I mum a I I ow ab I e green time for 

each approach. 

*These data are placed on separate cards for each interchange. 
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111 to determine the optimal Internal offset. 
If analysis only is desired, code actual 
splits and offsets as "minimum greens" and 
"priority phasing" as applicable. 

Progressive Frontage Road Mode 

In this mode the lower and upper cycle length 
I imits entered may be based on the results of 
the isolated Interchange runs, but should not 
be more than l O seconds d If ference for one 
run. Directional preference for the progres
s Ion band may be specified for either one-way 
or two-way, (with or without preference to 
d lrection). The speeds input shou Id be based 
on field studies under "nonstop" conditions 
to obtain "free speed" during the time period 
under study. However, if different link 
speeds occur and It is not desired to vary 
the band speed, the average speed shou Id be 
used (unless it Is anticipated that drivers 
will adjust to slightly different speeds). 

General 

Options input on the freeway and Interchange 
header cards are used by PASSER 11 I to per
form the requested analysis. The volumes can 
be obtained from field studies or projec
tions, but the user must be careful to obtain 
the appropriate counts. Just above the 
cod Ing columns for this card (see Figure 59) 
are diagrams showing the eighteen novements 
required. Note that in some cases a movement 
must be traced through both sl des of the 
Interchange. 

r 
Figure 59. PASSER I I I Traffic Movements 
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The second detail card gives the equivalent 
number of lanes. This is how capacities are 
input. PASSER 111 uses a constant lane sat
uration flow of 1800 vehicles per hour of 
green time. This may be adjusted (for a sin
gle lane and movement) by inputting a factor 
In the appropriate field. The factor is 
found by dividing the user's desired 
saturation flow by 1800. For example, it a 
left turn lane saturation fia,1 of 1200 vph 
tor movement 15 (see Figure 59) is desired, 
enter 67. Movements which share several 
I anes must be assigned their proportional 
capacity. For example, assume the frontage 
road In direction "A" has three lanes and 
denands of 200 vph per lane with the traffic 
in the left lane al I turning left (of which 
50 nake a U-turn) and 50 vehicles in the 
right lane turn right. The equivalent number 
of I anes for movements 4, 5, 6 and 7 are O. 25 
C 50/200), 1. 75 ( 150/ 200 + 200/200), o. 75 
(150/200) and 0.25 (50/200), respectively. 
These values should be carefully estiITT:lted 
since phase splits are based on the derrand/ 
saturation flow ratios. 

Finally, the conflicting m1n1mum greens input 
must not exceed the cycle length (or minimum 
cycle length) specified. Minimum greens in
clude green, amber and al I-red intervals. 
Suff i c lent ti me must be provided for any 
pedestrian movements. 

OPERATIONAL SU"14ARY 

PASSER I I I Is a nacroscop i c deter mini st le 
time-based optimization model. Since the 
Isolated Interchange analysis is distinctly 
different from the progressive analysis on 
the frontage roads, It Is simpler to discuss 
them separate I y. 

Isolated Interchange Mode 

The interchange optimization Is based on the 
fact that there can exist at each interchange 
only three basic phases, or allowable greens 
(excluding pedestrian phases). These are 
shown tor the left-side Intersection In Fig
ure 60. These rray occur in the order of 
either ABC (leading left-turns) or ACS (lag-



J L 
4 

PHASE A 

7 ' 
PHASE B 

J L .. .- PHASE C 

7 , 
Figure 60. Three Basic Phases at Left-Side 

Intersection of Interchange 

g Ing left turns), where the off-ramp traffic 
e I ther I eads or I ags the I eft-turns to the 
on-ramp. Three siml lar phases are available 
at the right-side intersection. 

Only certain movements can exist simultane
ously at both intersections for any period of 
time. Thus, the complete set of possible 
patterns is four, as shown in Figure 61. The 
fifth code (1A) is a special case of the 
lead-lead pattern, discussed later. Al I 
other movements are stopped. For Phasing 
Code 1, queues are forming on the ramps dur
ing Phase A, in the connecting street on 
Phase B, and on the ramps dur Ing Phase C. 
When overlap Is permitted, some conflicting 
movements can move si mu I taneous I y, as shown 
in Figure 62. Note that the offset is de
f lned as the time between the beginning of 
Phase A on the I eft sl de to the end of Phase 
Bon the right side. 
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7 
LEFT SIDE RIGHT SIDE LEFT TURNING 

ORDER 

- A - - t _J 
LEAD·LEAD I - I~ 
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Figure 61 • Phase Sequences and Phase Cod es 
Used by PASSER I I I 
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Development of Diamond Inter
change Phasing Patterns From 
ABC:ABC Phasing and Offset 
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PASSER I II examines al I possible combinations 
of phases (i.e., patterns) and varies the 
offset to find the pattern and offset which 
results in the minimum delay in the inter
change. An example of the comparison of al I 
possible Phase Codes is shown in Figure 63. 
The optimal design would appear to be Phase 
Code #4 with an offset equal to zero or the 
cycle length (70 sec). Phase Code 1 also 
gives good resu I ts at an oft set of about 20 
sec. To obtain this result 350 combinations 
were tried (five phase codes by 70 seconds). 
To do this by hand would be prohibitive. 

Ill 
llt z 
C 
:I: 20 
~ 
Ill ... 
! 

-----o---- I 

-------- 2 --0---3 
------6------ 4 
-D- IA 

10 20 

CYCLE= 70 S.C. 
TRAVEL TIME = 4 Sec. 
U·TURN VOLUME =!50VIH./HR. 

30 40 !50 10 
OFFSET, SECONDS 

Figure 63. Variation in Interchange Delay 
tor a I I F Ive Phase Codes 

The fifth phase code (1A) shown in Figure 61 
is the wet I-known "four phase with over-lap" 
pattern where the overlap is equal to the 
internal travel time (i.e., from the stop bar 
at one intersection to the stop bar of the 
other). In other words, perfect progression 
is provided tor the through traffic (this may 
not be the case it Phase Code 1 (only) Is 
s pee i t i ed) • 

Progressive Frontage Road Mode 

The frontage road progression is independent 
of the interchange optimization, although the 
I atter shou Id be run to obtain the appropr l
ate phasing and minimums tor the progressive 
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analysis. Both analyses may be run together, 
but the output Is extensive and run time 
high, so the two step method is preferred. 
The optiJTBI progression design Is that which 
prov i des the I ar gest 11bandw I dth et t I c I ency", 
defined as the sum of the bl-directional 
bandwidths divided by twice the cycle length. 
For further discussion on the progressive 
optimization, see Chapter 6, PASSER I 1(80). 

C<WUTATIONAL ALGCRITHMS 

The computational algorithms differ somewhat 
between the isolated interchange and pro
gressive frontage road modes. In the lso-
1 ated mode the green ti mes ere found us Ing 
Webster's method (Reference 7.3). 

G = _J_ (C-L) + Jl · r,y • , (7.1) 

where G = green time (sec), 
y = volume (vps)/saturatlon flor1 

(upsg), 
Ey = sum of al I y at intersection 
C = cycle length, 
i = I OS t t I me th I s pha se ( sec ) , 
L = sum of al I lost time at inter

sect I on. 

When the tour-phase with CNerlap pattern 
(Code 1A) ls Introduced, the green times are 
calculated using a slightly different formu
la. An additional term is inserted in the 
parenthetical expression, which ls then (C + 
0 - L) and '1 = sum of interchange CNerlap 
(offset) times. 

Exter ior de I ay Is the de I ay to a I I approaches 
Into the interchange (movements 1- 14). These 
are ca I cu lated by Webster I s method- (Reference 
7.3), namely, 

CC 1-A/ 
2 

d + 
X 

= 
2< 1-AXl 2v(1-Xl 

1/3 
C2+5Al 

- 0.65 
C 

(7 .2 l 
v2 X 



where d = average delay per approach 
(sec/veh), 

C = cycle length, 
v = approach volume (vps) 
11.= proportion of cycle green for this 

approach, and 
X = saturation ratio v/c Cc= capacity) 

The internal delay for rrovements 15-18 is 
calculated by the delay-offset technique. 
However, th Is techn i q ue is too I engthy to 
discuss here (interested readers are referred 
to Reference 7.4). 

In the progressive rrode the objective is to 
find the optimal bandwidth efficiency, or 

B + B 

Maximize E = 
A B 

2 C 
(7.3) 
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where E = bandwidth efficiency, 

BA = bandwidth in "A" direction, 
Bs = bandwidth in "B" direction, and 
C cycle length. 

For further discussion of the progressive 
optimization, see Chapter 6, PASSER 11 (80). 

OUTPUT REPffiTS 

There are a tota i of eight output reports 
available from PASSER Ill, but not all are 
produced in a sing I e run since they vary by 
mode of analysis (i.e. isolated or progres
sive). The distinctions are included in the 
discussion below. 

*****ft**************************************************************************** 
* * * RUN NUMBER 2 DATE 5/14/81 * 
* * * I-75 OPTIMAL TIMING PM TAMPA DISTRICT * 
* * 
********************************************************************************** 
* * 
* OPTIONS - * 
* * * CALCULATE GREEN SPLITS AND MEASURES OF EFFECTIVENESS-------- YES * 
* * * USE DELAY-OFFSET EVALUATION TECHNIQUE----------------------- YES * 
* * * DETERMINE OPTIMAL PROGRESSION SOLUTION---------------------- NO * 
* * * SEARCH FOR OPTIMAL SOLUTION BY VARYING LINK SPEEDS---------- NO * 
* * * PRINT OPTIMAL TIME-SPACE PROGRESSION DIAGRAM---------------- NO * 
* * * PLOT OPTIMAL TIME-SPACE PROGRESSION DIAGRAM----------------- NO * 
* * * PARAMETERS - (ISOLATED INTERCHANGE ANALYSIS> * 
* * * DESIRED CYCLE LENGTH---------------------------------------- 60 SECONDS * 
* * * PARAMETERS - (FRONTAGE ROAD PROGRESSION ANALYSIS) * 
* * * NUMBER OF INTERCHANGES-------------------------------------- * 
* * * LOWER CYCLE LENGTH LIMIT------------------------------------ 0 SECONDS * 
* * * UPPER CYCLE LENGTH LIMIT------------------------------------ 0 SECONDS * 
* * * CYCLE LENGTH INCREMENT-------------------------------------- 0 SECONDS * 
* * * MINIMUM '8' DIRECTION BAND SPLIT---------------------------- NONE * 
* * 
********************************************************************************** 

Figure 64. PASSER 111 Input Data Report: 
Options and Parameters 
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INTERCHANGE INPUT DATA 

****************************************************************************************************************** 
M M M M M 
• • DISTANCE • PROGRESSION SPEED • QUEUE CLEARANCE • 
* * * * * 
• INTERCHANGE •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* * * * * 
• BUFFALO • FROM TO 2 FT. • FROM 1 TO 2 MPH. • 'A' DIRECTION SEC. • 
* * * * * 
• • FROM 2 TO 1 --- FT. • FROM 2 TO 1 ---- MPH. • 'B' DIRECT! OH SEC. • 
M M M M M 
****************************************************************************************************************** • • • • RUH DELAY-OFFSET ANALYSIS? • PERMISSIVE LEFT TURNS ALLOWED? • 
• • • 
****************************************************************************************************************** • • • • • AT LEFT SIDE INTERSECTION--------------------------- NO • 
• CODE OR LEAD-LEAD--------------------- YES • • 
• • AT RIGHT SIDE INTERSECTION-------------------------- HO • 
• CODE 2 OR LAG-LEAD---------------------- YES • • 
* *************************************************************** 

CODE OR LEAD-LAG---------------------- YES • * 
• • INTERIOR TRAVEL TIME • 
• CODE 4 OR LAG-LAG----------------------- YES • • 
* *************************************************************** 
• CODE 1A OR TTI 4-PHASE ------------------- YES • • 
• • FROM LEFT TO RIGHT ACROSS THE INTERCHANGE 11 SEC. • 
• • • 
•••••••••••••••••••••••••••••••••••••••••••••••••••• FRCM RIGHT TO LEFT ACROSS THE INTERCHANGE 12 SEC. • • • • 
• PRIORITY PHASIHGS / INTERNAL OFFSET ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • • 
•••••••••••••••••••••••••••••••••••••••••••••••••••• INTERIOR QUEUE STORAGE • • • • • • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • CODE 4 OR LAG-LAG ------------ HONE • • 
M • THROUGH MOVEMENT AT RIGHT SIDE INTERSECTION----- 8 VEH. • 
• CODE 3 OR LEAD-LAG----------- NOHE • • 
• • CODE 2 OR LAG-LEAD-----------

• CODE OR LEAD-LEAD----------

NONE 

NONE 

• LEFT TURN MOVEMENT AT RIGHT SIDE INTERSECTION --- 6 VEH. • 
• • • THROUGH MOVEMENT AT LEFT SIDE INTERSECTION------ 8 VEH. • • • • LEFT TURN MOVEMENT AT LEFT SIDE INTERSECTION---- 6 VEH. • 

• • • MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMNMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

• • • • MOVEMENTS • 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 • 
• • • MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

• • • • VOLUMES • 628 336 220 10 161 125 526 245 45 376 245 902 336 789 • 
• • • • HUMBER OF LANES • 0.0 1.30 0.70 1.00 0.12 1.88 0.0 0.39 1.00 0.51 0.0 0.21 1.79 0.0 1.00 2.00 1.00 2.00 • 
• • • • MINIMUM GREEN • 10 18 10 18 10 10 10 10 • 
• • • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Figure 65. PASSER 111 Input Data Report: 
Interchange Data 

Input Data Report 

Al I Input data are printed In wel I formatted 
tab I es, shc,wn In Fl gures 64 and 65. These 
reports are output in both modes. One tab I e 
of the type In Figure 65 Is produced for each 
Interchange. The contents of these reports 
are self-explanatory. 

General Signalization lnfor1111tlon 

In both modes of operation the general 
section Information shown in Fl gure 
output tor each Interchange. Th Is 
reports the measures of effectiveness 

inter-
66 Is 
tab I e 
(MOE) 
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for each movement ( phase) of the two Inter
sections, along with a corresponding level of 
service. The first three phases (A, B, and 
C) are the norma I three phases In the pat
tern. The forth "phase" labeled "D" Is the 
time available tor the Interior thru traffic, 
or the sum of phases A and C. 

The green time Is the amount of the available 
cycle available tor each of the phases (In
cluding amber and al I-red). The volume/ 
capacity Is the ratio of demand to capacity 
flow In the critical lanes. Delay Is the 
estlnate of delay calculated by Webster's 
method or the delay-offset technique, as 
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GENERAL SIGNALIZATION INFORMATION 

*************************************************•***MIIIIMIIIIIIMIIIIMIIMMIIMMMMMMlO!MMMMMMMMMMMMMMMNNNNNNMMMMMMMM 
II II 
lE II 
11 I-75 OPTIMAL TIMING PM AT BUFFALO RUH HO. 2 5/14/81 II 
11 II 
11 II 
lllllllllllllllllElElElElElElllllllllllllllllllllllllllllllllllElElElllEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
lE II II II 
• * LEFT SIDE II RIGHT SIDE • 
II MEASURES II II II 
11 OF lElllllllllllllElEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIIIIIIINIIII 
II EFFECTIVENESS II II II 
11 II A 8 C D II A 8 C D II 
11 II II II 
lllllllllllllllllllllllllElllllllElllllllllllllllEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINNIINNIIIINNIIIINIINIIMIIIIIIII 
11 II II II 
11 11 II II 
II GREEN TIME II 26.7 18.0 15.3 42.0 II 24.9 18.0 17.1 42.0 II 
II (SEC.) II II N 
II II II II 
11 II II II 
II 0.35 II VOLUME/CAPACITY * 0. 71 0.52 0.72 0.40 II 0 .84 0.51 0.85 
II N RATIO, X II II 
11 II II II 
11 A II LEVEL OF SERVICE II C A C A II D A E 
II N II II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

DELAY 
CSEC./VEH. l 

LEVEL OF SERVICE 

PROBABILITY OF 
CLEARING QUEUE 

LEVEL OF SERVICE 

II 
II 17.44 
II 
II 
II 8 
II 
II 
II 0.89 
II 
II 
II C 
II 

II 
19.38 30.84 5.85 II 

II 
II 

B C A II 
II 
II 

0.98 II 
II 
II 

A II 
II 

II II II 

II 
19.63 20.93 41. 92 5.55 II 

II 
II 

8 B C A II 
II 
II 

0.62 0.98 II 
II 
II 

D A II 
II 
II 

II STORAGE RATIO II 0.42 0.19 II 0.56 0.14 II 
II II II II 
II II II N 
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

PHASE ORDER - ABC/ABC 
INTERNAL OFFSET - 12 SECONDS 
TOTAL INTERCHANGE DELAY - 16.02 VEHICLE-HOURS PER HOUR 

Figure 66. PASSER I I I - General Signal lzation Report 

Table 17 - Los Criteria 
tor MOE'S on Signalized Movanents 

OPERA Tl ONAL 
MEASURES A 

LEVEL OF SERVICE 
B C D E F 

appropriate. The probabll lty of clearing the 
queue values refer to the I ikel ihood that al I 
queues wi 11 be cleared on a given cycle tor 
the particular phase. These three MOE 1 s al I 
have a level of service associated with them. 
The levels of service are determined from 
Table 17. 

Saturation 
Ratio X <.6 <.7 <.8 <.85 <1.0 <1.0 

The fourth MOE is only ava i I ab I e in the I so-
1 ated mode. The Interior storage ratio is 
the ratio of the length of the maximum queue 
per cycle tor the C and D phases to the 
available Interior storage capacities tor 
these phases. Storage ratio should not 
exceed 0.8, with 0.6 being a preterrable 
maximum. 
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Probab 11 I ty 
of Cl ear Ing 
Queues, Pc 

Average 
Approach 
De lay, d, 
sec/veh. 

>.95 ~-90 ~- 75 ~-50 <.50 

<15 <30 <45 <60 >60 
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Below the table in Figure 66 are the phase 
orders ana I yzed, the inter a I off set i dent i
f i ed as having the minimal delay (i.e. the 
optima I offset) and the tota I interchange 
delay in veh-hrs/hr. 

I t shou I d be noted that the estimates of de
I ay for the separate phases in Figure 66 ~ 
not vary with offset under isolated rrode 
analysis for a single cycle length. While 
the total delay Is computed as per Equation 
7.2, the internal delays in this table do not 
reflect variation of offset. This is con
sidered a def I c I ency of Passer I I I. For the 
isolated rrode analysis, evaluations should 
always be based on total delay where a single 
cycle length is analyzed, days can be com
parted when different cycle lengths are anal
yzed, rather than individual rrovement 
delays. 

Phase Interval Report 

A Phase Interval Report is given for each 
Interchange which shows the complete phase 
pattern including overlaps and the length of 
the intervals. This report is shown in 
Figure 67. Note that the sum of the inter
vals is equal to the cycle length. 

PHASE INTERVALS 

Optimal Progression Solution Report 

When the frontage road progressive rrode is 
run the afore-mentioned reports are output. 
Additional iy an Optimal Progression Solution 
report such as Figure 68 is output. The 
report includes the optimal cycle length, the 
progression speed and bandwidth for each 
direct ion, the bandwidth efficiency and the 
atta inab i Ii ty. The last va I ue is the average 
percent of the minimum frontage road green 
time used in each direction for progression. 

...•..••............•........•........................ 
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12. 0 

14. 7 Frontage Road Progression Information 

2.4 
• Additional internal phasing information, 

15.6 

,. 3 

6.0 

which is shown in Figure 67, Is provided for 
the progression sol utlon. The results ere 
self explanatory. The phase orders and off

M : sets wi I\ have been input by the user unless 
1111:11u111ootM100000000001M11u,ooot111ooooooto1000000011oooooooooooooooooooooooooof the de I ay-of f set an a I ys is was ca I I ed for; but 

PHASE ORDER - ABC/ABC 
IHTERHAL OFFSET - 12 SECONDS 

Figure 67. PASSER I I I Phase Interval Report 
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as noted earlier, It Is strongly recommended 
that this analysis not be requested simultan
eous I y with the progression ana I ys Is due to 
extreme computer run times. 
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FQ1NTAGf QJAO PQOGRESSTON INFOR,.ATJON 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• 
• l"TlRSTATf M!GMwAV 35 

• 
6,/17177 • 

• 
• 
* 
* 
* * I"TfllCMA"f;f 
• 
• 

• 

• 
• 
• 
• 

LEFT S!Of q!GMT S!Df l~TfR"AL EXTFRNAL 1 A 1 O!RFCTl1~ •~• OIRECTIO~ • 
* P"ASf ~QOf~ PMASf 1R~fR QFFSfT(SFC,) OFFSET(SEC,l TR~VEL TJ~f(SEC,l TRAVEL Tl~f(SfC,) • 
• 
• • 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • 
• • • 

>iOUS T .1~ A VE ARC ARC I 0 o,o 14,4 208,8 • 
• • 
• DALLAS &Vf • ABC ARC I 0 30,8 112,b 157,8 • 
• • . u~ "'"cos * ACB ACB l 0 24,l '19, I 1341,0 • 
• • 
• EL l'ASIJ Sl ARC ARC I 0 34,4 180,11 1,J,1> • 
• • 
• ELl,IN t!LVO ABC AC!I I 0 10,n 227,2 11,s • 
• . • 
* • • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Figure 69, 

PASS£ II' II: 

PASSER 111 Frontage Road Progression Information Report 
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Figure 70, PASSER Ill Time Space Plot 
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Time-Space Plot 

It requested, a printer or I ine terminal plot 
of the timespace diagram can be obtained. NI 
example of a line plot is shown in Figure 
70. 

ADDITIONAL FEATURES 

The two major opt ions have a I ready been men
t loned: a) optimization of isolated inter
changes and b) optimization of progression on 
parallel frontage roads. 

In the Isolated rrode, PASSER 111 can ana I yze 
t Ive phasing patterns, which were identified 
In Figure 61. The two rrost popular (but not 
necessarily always the "best") are the tour
phase with two overlaps (Pattern 1A) and the 
three-phase 11 1 ag-lag" pattern (Pattern 4). 
This is because the interior of the Inter
change is always cleared in both directions 
after the ramp traffic has entered. 

In the pro~resslve rrode the optimal cycle 
length is determined to maximize progression. 
Progression may be one-way or two-way with or 
without preference to one direction. 

Output options include printer or line term
inal plots of the time-space diagram of the 
progressive mode. 

PASSER 111 can be used to evaluate alterna
tive Interchange Improvements by simply 
changing the inputs to reflect proposed con
d I tions, such as adding new lanes. 

APPLICATIONS AND LIMITATIONS 

When the Isolated interchange mode Is used, 
the results shown in Figures 64 thru 69 are 
output. For des I gn purposes the Interchange 
will operate optimally it the resulting off
set Is used for the particular cycle length 
and phase pattern specified. To examine 
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alternative sol utlons, several runs may be 
made specifying different parameters. The 
"best" solution is that which results In the 
best overal I value of the appropriate t,OE, 
usually total delay. other t.[)E 1 s may be used 
to override a decision based on delay. For 
example, it there is a high probabl I tty that 
queues may not be cleared and the internal 
storage may be exceeded. other improvements 
can be analyzed by alter Ing Inputs, such as 
adding lanes. 

Although PASSER Ill Is designed primarily to 
study fixed-time and fixed-sequence control, 
the delay-offset analysis can also be used to 
study various tu I I-actuated phasings and to 
determine the effects of different inter
change approach lane configurations, left 
turn cont i guratlons and U-turn lane prov i
s Ions. Of course one must real lze that such 
an analysis must be considered as an "aver
age" operation. 

Similarly, the progressive node Is used to 
design the optimal progression scheme on a 
system of interconnected interchanges with 
continuous frontage roads. In this case the 
optimal cycle length is computed by PASSER 
I I I, as are the off sets to obtain progress I on 
at a specified speeds (+2 mph). Progression 
may be one-way or two-way depend Ing on the 
Input parameters. See Chapter 6 - PASSER 
I 1(80) for further discussion on the 
progressive node. 

As stated earlier, these two nodes should not 
be run simultaneously, but this Is not really 
a limitation because It is more practical to 
design the individual interchanges first, and 
"fine tune" them before proceeding to the 
progression design. 

EXNPLE PR0Bl.EM 

To illustrate the use of PASSER Ill model In 
the Isolated node an example prob I em was se
I ected. The fol lowing paragraphs describe 
the problem and the results of using PASSER 
I I I • 



I-
t1:l 
a:: 
t; 

NB ON-RAMP 

I ; 

I 
I ~I 
I I I 
I I 
I I 
I I ·~ I 

I I 
I ~: 

I 
I 
I 

I 
I 
I 

I~ I I . I 
I ~I 
I I 
I 
I 
I 
I 

:~ 

' I 

, , , 
-- ' ., 

------ -- --------

' . ' 

N 

d 
I 
Scale: 

-~ 
91 T 

1" = 100' 

\ \ ....... __ -- - - t. - - - - --· 
·- \ \ :'{------~-------. \ I" I 

NB OFF-RAMP 

I 
I 

SB ON-RAMP 

t-- - --- - -------- - - --- ---
' I 

Figure 71. Diarrond Interchange Example Problem 
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Problem Description 

The diarrond interchange shown on Figure 71 
was used on an example problem. This inter
change is located approx !mate ly two miles 
north of the Tampa CBD wh I ch has been used 
previously as example study sites. 

This is a standard diarrond interchange with 
the arterial providing a four-lane divided 
roadway within the interchange and having 
single left turn bays feeding the on-ramps to 
the freeway. The left turn bays are 1501 

long, having a nominal storage capacity of 
six vehicles. Right turns for northbound 
oft-ramp and eastbound arterial are independ
ant of signalization. 

The existing signalization is presently a 
"lead-lead" operation simi I iar to Figure 62, 
with a six (6) second offset. Due to prob
lems experienced previously, no permissive 
I eft turns from the arterial to the on-ramps 
are perm I tted. 

Since the timing was orginally established 
several years ago, it is now desirable to 
determine it improved tratti c t low can be 
obtained thru revised signal timing. 

Analysis of Existing Conditions 

With the PASSER Ill rrodel it is possible to 
model existing conditions if signal timing is 
similar to one of the five phase sequences 
used by PASSER 111. Since the operation at 
the example interchange meets this criteria, 
existing conditions were modeled. 

To rrodel existing cond I tions only the exist
ing phase is coded with the offset used in 
the field. Minimum greens are coded to 
represent actual time for each phase. 

The operating character i st I cs under ex I sting 
conditions were obta lned from th Is in I ti a I 
run. The results showed that Phase A (thru 
movements at both the signals) was inadequate 
to handle traffic and that unacceptable 
levels of services occurred, particularly for 
the westbound thru movement. Since this was 
confirmed by observation in the field, the 
model was accepted as calibrated. Figures 64 
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thru 67 previously used as I I lustratlons 
showed the output from this condition. 

Define and Analyze Alternatives 

Each run of the rrode I w i I I eva I uate each of 
the five possible phasing patterns for a 
specified cycle length and select the rrost 
optimal phasing and internal offset. Figure 
70 shows the coding required to permit the 
model to select the optimal pattern for a 
sixty (60) second cycle. To define alterna
tives, it is on I y necessary to change the in
terchange header card to specify cycle length 
for each of the runs. For this problem, one 
run was made for each 10 second increment be
tween 60 and 100 seconds. Figure 71 shows 
the report obtained for the input data shown 
on Figure 72. Asimilar report was obtained 
for the existing condition and the five cycle 
lengths evaluated. 

Evaluation of Results 

Tab I e 18 provides a summary of the opt i rra I 
results obtained for each of the alternative 
cycle lengths evaluated. The existing lead
lead phasing was the optimal phasing pattern 
for al I alternatives except for the 50 second 
cycle. However, the 50 second cycle is not a 
valid alternative since the interchange be
came super-saturated. 

As previously discussed the rrost meaningful 
measure of effectiveness ls the total inter
change delay. Alternative B (60 second 
cycle) results in the lowest total delay of 
16.02 vehicle hours and represents a sub
stantial reduction (40.6%) from existing 
operations. Alternative C (70 second cycle) 
is siml lar to Alternative B with 16.76 vehi
cle hours of delay. The criter ial rrovement 
for both of these alernatives is the right 
side Phase C. Dur Ing this phase al I left 
turns cannot clear the interchange and fre
quently 3 or 4 vehicles wi 11 have to remain 
in the left turn storage lane between the 
signals. Although this queue does not affect 
through movements it does increase the aver
age delay to these left turning vehicles. 

It would at first appear that using Alterna1e 
C (70 seconds) the delay for these vehicles 
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M Jf MN N N N NM MN MN MN N N NM N N N N Jf N N N NM N If N N N JOf If N N N N N JOOUf NM NM MN MM N NM N N N NM MM MM N N N NM N NM MM N N N N NM 

• • 
• RUN NUMBER 2 
• • I-75 OPTIMAL TIMING PM TAMPA 

DATE 5/14/81 • 

DISTRICT 
• • 
M-N N N N N N N N N N N NM N N N MN N N NM N N N N NM N N N N NM NM N N N NM JOf MN N N NM N MN N N NM N N NM MN MN If MN N N N NM MM MM N N N N N 

• • 
• OPTIONS - • 

• • • • 

CALCULATE GREEN SPLITS AND MEASURES OF EFFECTIVENESS-------

USE DELAY-OFFSET EVALUATION TECHNIQUE----------------------

DETERMINE OPTIMAL PROGRESSION SOLUTION---------------------

SEARCH FOR OPTIMAL SOLUTION BY VARYING LINK SPEEDS---------

PRINT OPTIMAL TIME-SPACE PROGRESSION DIAGRAM---------------

PLOT OPTIMAL TIME-SPACE PROGRESSION DIAGRAM-----------------

• PARAMETERS - (ISOLATED INTERCHANGE ANALYSIS> 

YES 

YES 

HO 

HO 

HO 

HO 

• • • DESIRED CYCLE LENGTH---------------------------------------- 60 SECONDS • 
• • • PARAMETERS - <FRONTAGE ROAD PROGRESSION ANALYSIS> 

NUMBER OF INTERCHANGES-------------------------------------

LOWER CYCLE LENGTH LIMIT-----------------------------------

UPPER CYCLE LENGTH LIMIT-----------------------------------

CYCLE LENGTH INCREMENT-------------------------------------

MINIMUM 'B' DIRECTION BAND SPLIT----------------------------

• • • • SECONDS • 

SECONDS • 
• SECONDS • 

NONE 
• • 
N N N N N N NM MM N N N N NM N N N N N N N N N MM If MN N N NM N N N N N N NM MMM N N N N N N N NM N NM N N N NM MN MN N N N N N N N N N N N NM MM M 

INTERCHANGE INPUT DATA 

MN MN NMM Ntl N N NMNN JIN NNNNNNNM MN NNNNMNNNNNNN NWN N NNNNNMMN MMNNNMNNNNNM NNNNMNNNNNJfNNNNMNNMNMN NNNMMMNNNNNMNMMN N NNNNMNN N N NM M 
N N N N N 

• DISTANCE • PROGRESSION SPEED • QUEUE CLEARANCE 

• INTERCHANGE 
• 

• • • 
NNMNNNN-NMNNNNNMNNMNMNNMNNNNNNNMNNMNNNNNNNNNMMNNNMNNNMJOfMNNNNNNNtfNMNNNMNNMNNNMMNMNNMNNMNMNNNNNN 
N N N N 

BUFFALO • FROM 1 TO 2 FT. • FROM TO 2 MPH. • 'A' DIRECTION SEC. • 
• • • FROM 2 TO 1 --- FT. • FROM 2 TO 1 ---- MPH. • 'B' DIRECTION SEC. • 

M N N Jf N 
NMNNNMNNNNMNNNMNNMNNNMNNMNMNNNNNNNNNMNNNNNNNNNNNNNNNNMMMNNNNNNMMNNNNNNNNNMNNNNNNNMNNNNNMNNNMNMMMNMMMNMNMMMMMMMNMMN 

• • • • RUH DELAY-OFFSET ANALYSIS? • PERMISSIVE LEFT TURNS ALLOWED? • 
• • • NNNNNNNNNNNNMNMNMNNMNMMMMNMMNMNNNMNNNMMNMNNMMMNNNNNNNMMMNNNNNNMMMNMNNMMNNNNNNNNMMMNMMMM-MNMMMNMNNNMMNNMMMMMMNMMMMNM 

• • • AT LEFT SIDE INTERSECTION--------------------------- HO 
• CODE 1 OR LEAD-LEAD--------------------- YES • 
• • AT RIGHT SIDE INTERSECTION-------------------------- NO • 
• CODE 2 OR LAG-LEAD---------------------- YES • • 
• NMNNNNMNMMMNNNNNNNNMNNNNNNNNMNNNNNNNNNMNNMNMMMMMMMNNNNMMMNNNNNM 

• CODE 3 OR LEAD-LAG---------------------- YES • • 
• INTERIOR TRAVEL TIME 

• CODE 4 OR LAG-LAG----------------------- YES • 
• NMNMMNMNMMNMNNNNNNNNNNNNNNNMMNNNNNNMMNNNNMNMMMMM-MNNMMNMMMNMMMMM 

• CODE 1A OR TTI 4-PHASE ------------------- YES • • 
• • FROM LEFT TO RIGHT ACROSS THE INTERCHANGE 11 SEC. • 
• • • 
NNMNNNNNMMMNMNMNMNMMMNNMNNNNNNMNNNMNNNNMMNNNNNNNNMNN FROM RIGHT TO LEFT ACROSS THE INTERCHANGE 12 SEC. M 

• • • 
M PRIORITY PHASJNGS / INTERNAL OFFSET MNNNNNNNNNNMNNNNNNNNNNNMNMMNNNNNNNMNNNNNNMNMNNNNNNNMNMMMMMMN-MMM 

• • • 
NNNNNNMNNNNNNNNNNMNNNNNNNNNNNNNNNMNNNNMNNNNNNNNNNNNM INTERIOR QUEUE STORAGE 
• • • CODE 4 OR 
• • CODE 3 OR 

CODE 2 OR 
• • CODE 1 OR 

LAG-LAG ------------
LEAD-LAG -----------
LAG-LEAD -----------
LEAD-LEAD ----------

NOHE 

HONE 

NOHE 

HONE 

• NNNN NNNNNMNNNNNNNNNMNMNN NNNNNNN NNMNN N MM NNNNNMNNN NNMNNNNN N NNN NM N 

• • • THROUGH MOVEMENT AT RIGHT SIDE IHTERSECTIOH ----- a VEH. • • • • LEFT TURN MOVEMENT AT RIGHT SIDE INTERSECTION --- 6 VEH. • 
• • THROUGH MOVEMENT AT LEFT SIDE INTERSECTION------ a VEH. • 
• • • • LEFT TURH MOVEMENT AT LEFT SIDE IHTERSECTIOH ---- VEH. • 

• • • 
NM tf N NM MM MN MN N N N NM NM N N N N N N N N N N N N N N N N N N N N N N NM N N N If N N NM N N N N N N N N N N N N N N N N N N NM N N N N N N N NM N N N N N N N N N N N N N N N N N NM MN N N N N N N N N NM N N N 

• • • MOVEMENTS • 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 17 13 • 
• • • 
N N N N N N N N N N N N N N N N N N N N N MM NN N N N N N N N N NM N N N N N N MN N N N N N NM MN N N N N N N N N N MM N N N N N N N N NM NM N N N N N N NM MN N N' N N N N N MN N N N N N N N N N N N N N N N N NM MM 

• • • VOLUMES • 628 336 220 10 161 125 526 245 45 376 245 902 336 789 • • • • • HUMBER OF LANES • 0.0 1.30 0.70 1.00 0. 12 1.311 0.0 0.39 1.00 0.51 o.o 0.21 1. 79 0.0 1.00 2.00 1. 00 2.00 • • • • MINIMUM GREEN • 10 1a 10 1a 10 10 10 10 • • • • 
MNMNNNNNNNNNNNNNNMMNNMMNNNNNMNNNNMNNNNNMMNNNNNNNNNNNNNNNNNNMNNMNNNNNNNNMNNNNNNMNNMNNNNNNMMNNNNMMNNMNNNNNNNNNNNNNNN 

Figure 73. PASSER I II Output Report tor 60 Second Cycle length at 
1-275 Interchange with Buffalo Ave. 
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GENERAL SIGNALIZATION INFORMATION 

IIIIIIIIIIIIIIIIIIMIIMMMMIIIIIIIIIIIIMMMMMMMIIMMMMIIMMIIMIIIIMIIMMMMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIMIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIII 
II II 
11 II 
11 I-75 OPTIMAL TIMING PM 
II 

AT BUFFALO RUH HO. 2 5/111/81 II 
II 

II II 
IIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIMIIIIMIIIIIIMIIIIIIMIIIIMMIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIII 
II II II II 
II II LEFT SIDE II RIGHT SIDE II 
II MEASURES II II II 
II OF IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIMIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIMIIM 
II EFFECTIVENESS II II II 

N II A B C D II A B C D II 

II II II M 
IIIIIIIIIIIIIIIIIIMIIIIIIMIIIIIIIIIIIIMIIMMMIIIIIIIIIIMIIMIIMNIIIIMIIMIIIIMMIIMMMMIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIMIIIIIIIIIIMIIIIIIMIIIIIIIIIIIIIIIIIIMIIII 
II II II II 
II II II II 
II GREEN TIME II 26.7 111. 0 15.3 112.0 II 24.9 111. 0 17. 1 42.0 II 
II CSEC. l II II II 
II II M II 
II II II II 
II VOLUME/CAPACITY II 0.71 0.52 0.72 0.40 II 0.114 0.51 0.115 0.35 II 
II RATIO, X II II II 
II II M II 
II LEVEL OF SERVICE II C A C A II D A E A II 
II II II II 
II II II M 
II DELAY II 17 .114 19.311 30.114 5.115 II 19.63 20.93 41. 92 5.55 
II CSEC./VEH. l II II 
II II II 
II LEVEL OF SERVICE II B B C A M B B C A 
II M II 
II II M 
II PROBABILITY OF M 0.119 0.911 M 0.62 0.911 
M CLEARING QUEUE II M 
II II M 
M LEVEL OF SERVICE II C A M D A 
II II M 
II II M 
II STORAGE RATIO II 0.42 0 .19 M 0.56 0. 111 
M II II 
II II II 
IIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIMMIIIIIIIIIIIIMIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMMIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIMIIIIIIIIIIIIIIIIIIII 
PHASE ORDER - ABC/ABC 
INTERNAL OFFSET - 12 SECONDS 
TOTAL INTERCHANGE DELAY - 16.02 VEHICLE-HOURS PER HOUR 

PHASE INTERVALS 
IIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIII 
II II 
II 11 
II I-75 OPTIMAL TIMING PM AT BUFFALO RUN NO. 2 5/111/111 II 
II 11 
M 11 
MIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIII 
II II 
II II 
II PHASE INTERVAL LEFT SIDE RIGHT SIDE PHASE INTERVAL II 
II NUMBER STATUS STATUS LENGTHCSEC. l II 
II II 
II 11 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMMIIIIIIIIMIIIIIIMIIIIIIIIMMIIIIIIIIIIIIIIIIIIIIIIMIIIIMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIII 
II 11 
II II 
II A B 12. 0 II 
II 11 
II 11 
M 2 A C 14. 7 II 
II 11 
II 11 
II 3 B C 2.11 II 
II II 
II 11 
II 4 B A 15. 6 II 
II II 
II II 
II 5 C A 9.3 II 
II M 
II II 
II 6 C B 6.0 II 
II II 
II II 
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
PHASE ORDER - ABC/ABC 
INTERNAL OFFSET - 12 SECONDS 
Figure 73. PASSER Ill Output Report for 60 Second Cycle length at 

1-275 Interchange with Buffalo Ave. (Continued) 
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Table 18 - Comparison ot PASSER I I I Alternatives 

Cycle Phase Internal Total Delay Critical Movement 
Alternate Length Pattern Offsets (Veh. Hrs) Phase V/C Ratio Delay (sec per hr) 
Exlstlnq 90 lead lead 6 26.98 

A 50 lead lead 36 
B 60 lead lead 12 16.02 
C 70 lead lead 13 16.76 
D 80 lead lead 14 18.67 
E 90 lead lead 9 20.72 
F 100 lead lead 9 22.78 

wou Id be reduced wl th Ii ttl e increase in 
tota I delay. However, as previously pointed 
out, the estimate ot delay for the separate 
phases did not vary with offset, therefore, 
these figures should not be used except as a 
general order of magnitude. 

Based upon the results of these alternatives 
It could appear substantial improvement in 
traffic flow can be obtained by reducing the 
cycle length. Additional runs tor 60 to 80 
seconds using a 10 or 11 second Internal off
set with overlap values may result In further 
Improvements. 

SU111111ary of Work Effort Required 

The fol low Ing paragraphs summar lze the work 
effort required for the example problem. 

Data Col lectlon - Al I data required were 
read 11 y ava I I ab I e from the tratt i c engineer-
1 ng office. This included a 1" = 20 1 scale 
geometric plan of the Interchange, recent 
turning movement counts and exl sting signal 
timing. 

Data Cod Ing - With the information on hand 
I lttle time was required to code the data 
necessary to run the mode I. Cod Ing is 
stra ighttorward except tor internal travel 
time. However, guidelines are available in 
table form in the User's Manual. A I ittle 
over one hour was required to code the 
Initial runs (existing and optimal runs). 

Computer Requirements - The time required to 
run existing conditions was .33 second of CPU 
whl le the optimization runs required .68 sec
ond tor the 60 second cycle to 1.45 seconds 
for the 100 second cycle. Al I the runs re
quired 150 K of storage for the IBM 370. 
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A(Rt.) 1.05 (Super saturated) 
(INTERCHANGE SUPER SATURATED) 
CCRt.) .85 41.92 
C(Rt.) .77 32.76 
C(Rt.) .71 31.94 
B(Rt.) • 77 40.56 
B(Rt.) .78 45.57 
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CHAPTER 8 - SUB (ARTERIAL BUS SIMULATION MODEL) 

The evaluation of traffic operations on urban 
arterial highways is the subject of a number 
of computer rrodeis described in this Hand
book. Traffic flow is simulated (e.g., an
alyzed) according to a variety of techniques 
and acceptable results may be obtained from 
several models, depending upon the analyst's 
specific interests. 

One facet of urban traffic which Is not ex
press I y considered in most traffic operations 
models is bus traffic, either as to how buses 
operate under various transl t management 
strategies, or the effect of general traffic 
on bus operations. In some urban areas, 
buses constitute a major part of the traffic 
demand. Even rrore significantly, buses may 
carry over 70% of the urban vehicular pass
engers in I arger metropol i tan areas. 

Urban ar ter I a Is serve the dua I purpose of 
providing a relatively efficient route tor 
the movement of traffic, as wel I as servicing 
the abutting land. In the case of general 
(primarily automobile) traffic, this ls 
accomplished by appropriate geometrics and 
traffic controls which enable the smooth flow 
of through traffic and access/egress to adja
cent properties and cross streets. 

In the case of buses, the efficient flow ls 
an important concern, but of equal concern ls 
the efficient servicing of the abutting pro
perties to board and discharge passengers. 
The necessity of buses to make (largely sche
d u I ed) stops at designated bus stops may -
depend Ing on the type, I ocatlon and duration 
of stops-cause perturbations In the traffl c 
stream. Likewise, general traffic may inter
fere w I th the movement of the buses, caus Ing 
delays or extending scheduled travel times. 

The analysts of bus-related traffic manage
ment strategies is clearly a significant 
need, for both the traffic engineer and the 
transit operator. Few existing models ade-
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FI gure 74. Urban Bus Stop 

quately address this aspect. In Washington, 
D.C., the need to cons! der bus impacts was 
recognized and some facilities for analyzing 
bus flow were Incorporated into the Urban 
Traff I c Control System (UTCS-1, I ater NETS IM, 
see Chapter 11). These facilities were mini
ma I, however, and deta I I ed analysis of some 
of the bus-related character I st lcs noted 
above could not be adequately addressed. 

In order to provide transit opera1ors with a 
tool tor eva luatlng bus operations along an 
ar ter I a I, and the effect of var ious bus stop 
strategies on their performance, the SUB 
model developed by FHWA has been Included In 
this Handbook and is the subject of thl s 
chapter. 

MODEL DESCRIPTION 

SUB is an acronym for ~lmulation of J:!:ban 
Buses. The program Is wr I tten in FORTRAN IV 
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and contains nine modules with a total length 
of approximately 1300 FORlRAN statements, 
plus conmen ts. The program requires only 
about 90k of core, thus, should run on most 
IBM OS/360 or higher computers. Efficiency 
is high, although run time varies with the 
specific simulation requirements. Time 
compress I on of up to 50 ti me un its of s i mu-
1 ated time per unit of computer time may be 
real I zed. 

The simulation model treats buses and general 
traffic differently. Bus traffic is analyzed 
by a microscopic, deterministic and stochas
tic si mu I at ion submode I with event scan up
dating. That Is, al I events are calculated 
and projected ahead and updates are made only 
upon occurrence of the projected events 
(e.g., bus tr ave I from po Int to point, stop, 
depart, etc.). 

Automobile 
processed 
s i mu I at ion 
updating. 
element in 

traffic, on the other hand, is 
by a macroscopic, deterministic 
submode I w I th periodic ti me scan 
Input vol urnes are the only random 
this submode!. Traffic is treated 

as homogeneous groups or platoons on each 
block and these are propagated along the 
route according to conmen analytical expres
s Ions, subject to control status, and turning 
movements. 

Only one direction of travel is simulated; 
however, the effect of opposing tr aft I c on 
left-turns is considered. Traffic signal 
control is considered slmpl lstlcal ly by a 
two-phase (for the single approach to each 
intersection) operation, namely green or not 
green. 

The arterial model analyzed by SUB Involves 
two-lanes of arterial highway, broken into 
separate links (by block) with either signal 
or stop/ yield sign control at the nodes. 

A number of bus-related strategies are avail
able to minimize the mutual interference of 
buses and general traffic, such as location 
of stops (e.g., far-side vs. near-side), type 
of stop (e.g., pul I-outs vs. on-street bus 
stops) and restricted lanes for buses. 

142 

Inputs to SUB include the geometr le and traf
fic control characteristics of the study sec
tion, traffic volumes and turning mov~ments, 
bus routes and schedules, bus stops, passen
ger demands and other bus-related data. 

Outputs are measures of effectiveness of bus 
operations, such as bus travel times, passen
ger waiting times and bus dwel I times. t,.'OE 
on general traffic are not produced, however. 

INPUT REQUIREMENTS 

There are four basic types of input data re
quired by SUB. These are arterial descrip
tors, bus data, trafti c data and other 
exogeneous data, such as pararreters and 
standard va I ues. 

Additionally, there are certain embedded data 
which are automatical iy used by the program. 
These latter include the fol lowing, which may 
be changed by the user to reflect local char
acteristics by changing the appropriate 
"DATA" statements and recompiling the pro
gram: 

o Minimum acceptable gap for bus driver to 
change lanes 

o Bus driver reaction time 

o Factors representing the var lab II ity of 
passenger and bus arrivals, bus passen
ger service time and bus speed. 

The data 
14 types 
Table 19. 
In Figure 

input by the user are conta lned on 
of cards, which are described in 
Atypical data deck stack is shown 

75. 

The Inputs are rrostly self-explanatory, with 
several exceptions, which are discussed 
br I et I y be I ow. f-bwever, it shou Id be noted 
that extreme care must be utilized In coding 
and keypunching the data. There Is no edit 
routine to check the number of cards or 
va I id I ty of the cards. The program simply 
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Table 19 - Input Requirements for SUB 

CARD TYPE CARD DESCRIPTION REQUIREMENTS 

TITLE Provides Title for Simulation Arb I trary Information 
(1 per run) Run 

SIMULATION CONTROL Define parameters to control Seed for random number, number of 
( 1 per run) the simulation links, simulation time, number of 

time periods, time scan In terva I 
and clock time 

TRAFFIC PARAMETER Define traffic parameters which Headways, vehicle & bus I engths and 
( 1 per run) are constant for entire run bus operational character i sties 

(accel er at Ion & decel er at ion rates, 
cruise speed and average 11 1 ateness" 
of bus arrival) 

PASSENGER SERVICE Def Ines the time require to Service time, load time, unload time 
TIME service passenger and Interaction time be1ween loading 

( 1 per run) oassenqers 
TRAFFIC DEMAND Def lne the traffic volumes Vehicles per hour entering first 

( 1 per run) (excluding buses) link for each simulation period 
(max. 13 periods) 

BUS ROUTE Defines bus routes and number Number of bus routes and number of 
( 1 per run) of buses on each route buses on each route (max. 18 routes) 

LINK Define bus stop characteristics LI n k I ength, number and type of bus 
(1 per I Ink) of each I ink of arter lal stop, d I stance to stop I In e and 

capacltv of bus stop 
BUS ARRIVAL Def I ne bus arrival times Scheduled time of day at entry I Ink 

( 1 per route) of each bus 
COr+ION DEMAND Def lne convnon I oad Ing, and un- Routes with shared r ldershi p and 
(1 per route) loading demand be1ween bus proportion of demand 

routes 
SIGNAL Define arterial signal timing Cycle length, green Interval, lead 

( 1 per I Ink for each study period time ( If appropriate) and offset 
per per lod) 

SPEED & VOLUME Define traffic speeds and d!s- Average free speed and I ane d I str I-
(1 per I Ink trlbutlon of volumes for each but Ion of thru traffl c as wel I as 
per period) study period turnlnq volumes 

PASSENGER DEMAND Define passenger demand at each Number of passengers I oad Ing .and un-
( 1 per stop bus stop for each period I oad Ing by route 
per period) 

PASSENGER LOAD Def I ne expected passenger load Number of passengers aboard buses of 
( 1 per per 1-od) for buses of each route each route at entrv I Ink 

PASSENGER CAPACITY Define bus capacity for each Maxi mum number of passengers per bus 
( 1 per period) per lod by route 
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Figure 75. SUB Data Deck 

reads In the data and attempts to execute the 
data. It any error exists considerable 
computer time can be wasted. 

All Input volumes are Indicated tor the entry 
I Ink only. Thereafter, flows are adjusted by 
adding or subtracting traffic on each I ink by 
turns onto the I Ink and cars leaving parking 
and/or turns from the artery or parking, 
respectively. 

Different simulation periods should be Input 
to reflect changing conditions, such as trat
t I c control , veh I cu I ar or passenger demand, 
and bus schedule changes. 

One of the more contusing aspects of the ln
p uts is the common demand among routes. Of
ten more than one route may serve a passenger 
tor his trip. Thus, passengers may have some 
choice as to which route to use on the facil
ity being simulated. For example, route 1 
may expect to load 200 passengers in the sec
tion of Interest, while route 2 expects to 
load 100. If 20 of these may use either 
route, the COlllllOn loading Is 0.1 (20/200) 
between routes 1 and 2 and 0.2 (20/100) 
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between routes 2 and I. For the two ind I vi d
ua I routes, "common" loadings are 0.9 (180/ 
200) tor route I and 0.8 (80/100) tor route 
2. Un loadings are calculated similarly. 
This facility allows tor diversion to other 
routes when bus capacities are threatened. 
Exact measures of these factors are virtually 
Impossible to obtain; however, the model 
developers suggest that estimates are better 
than ignoring the common demand. 

F lnal ly, in puts tor tratti c signal conirol 
assume fixed-timed, single through phase, 
coord lnated control. If the study section 
has actuated control I ers, "average" va I ues 
tor eye I e I ength and green In terva Is shou Id 
be input. it the system is not coordinated 
tor progession, offsets should be entered 
which approximate the random variation in the 
start time of the cycle. Since uncoordinated 
fixed-time signals wil I operate with reason
ab I e stab I Ii ty tor short periods of ti me, 
th Is is not an unreasonab I e assumption. For 
most accurate results, however, these "off
sets" shou Id be determined by t I el d measure
ments. 

OPERATIONAL SU144ARY 

As noted previously, there are two separate 
simulation submodels In the SUB program, but 
there are certa In common operational charac
ter I sties and interactions between the si mu-
I at ion submode Is. 
descr I bed br let ly 
tlons. Figure 76 
model operation. 

The logical operation Is 
in the fol I 011 ing subsec
g Ives an CNerv I ew of the 

lnltlallzatlon and Inputs 

The Initial period of simulation is the 
"priming" period, during which the system Is 
loaded with traffic and buses. Data gathered 
during this period Is not meaningful. 

Inputs to the system occur on Link I, which 
Is the entry I ink to the system in the dlrec-
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Figure 76. General Logic Flow for SUB Model 

tlon of travel being simulated. These inputs 
{both buses and general traffic) are propo
grated downstream by their respective simula
tor with traffic demands varying according to 
turns onto and from the artery. M:>E 1 s calcu
I ated for the entry I ink are also mean Ing
I ess. 

Macroscopic Traffic Simulator 

Traffic operations are updated at fixed-time 
intervals (from 5 to 15 seconds) on each 
I Ink, beginning with the entry I ink. Random 
arrivals are generated using the Poisson dis
tribution to simulate the number of new 
arrivals In each period. Depending on the 
type of control, and control status, the new 
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arrivals are either added to a queue or dis
charged to the next I ink. Subsequent I inks 
are treated siml lariy, but with the upstream 
inputs adjusted by randomly generated 
arrivals from side streets or midblock loca
tions, or departures to side streets or park
ing. Each platoon is propogated to the ta i I 
of the next successive I ink. 

When a queue of stopped vehicles is set in 
motion, the discharge time of each vehicle is 
cons I dered, but in terms of the number of 
vehicles discharged during the time interval. 
Link travel times in motion are assumed to be 
constant for each I ink. 

Traffic is regulated at each node according 
to the type of control. If the signal Is 
green, or if the intersection is sign con
trol led {on the cross street), arterial 
traffic advances, with two constraints: 

1. If there exl sts a queue, traffic moving 
downstream joins the queue and is 
d I scharged later. 

2. If vehicles turn left, they must wait for 
suitable gaps In the opposing traffic 
stream. 

Th Is procedure Is done for the ent Ire I ength 
of a simulation period, by link, by time 
step. At each time step, the I ink occupancy 
{vehicles/I ink), queue length In each lane 
and number of vehicles discharged to the next 
link (by lane) are calculated for each link 
and stored for interfacing with the bus 
model. 

Microscopic Bus Simulator 

The bus simulator is entered for each I ink 
for each simulation period. The traffic sim
ulation wll I have been completed for the en
tire period at this point. Now an event scan 
simulation is used. For each bus, several 
event times are recorded, namely the arrivals 
at stop I Ines and bus stops, departures from 
these and completion of a passenger service 
operation. Each bus has an 11 1011 number to 
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key to its statistics and a sequence number 
which Indicates Its relative position in the 
bus stream at any given time. 

Bus arrivals are initially input at times 
dictated by the scheduled arrival time, 
modified by a stochastic process to reflect 
variations in arrivals. Buses are then 
propogated I ink by I ink as fol lows: 

1. A tentative arrival time is 
for each stop on the I ink, 
its departure time from the 
I Ink. 

estimated 
based on 

upstream 

2. Intra-I Ink travel is based on a determin
istic traffic flow rule (discussed In the 
next section). 

3. At the "tentative" arr iva I time at a bus 
stop, the conditions are checked to see 
if the bus can "reach" the stop (e.g., is 
the stop blocked by other buses or a 
traffic queuF.J?). Only other buses can 
b I ock a protected bus stop. Once the 
obstruction clears, the "final" arrival 
time is set. 

4. Passenger service tine is based on load
ing and off-loading demands and the "ten
tative" departure times Is calculated. 

5. If a bus is blocked from leaving the stop 
(e.g., another bus w I th a I onger passen
ger service time), a pass is attempted, 
which depends on the ava i I ab i I i ty of a 
gap in the adjacent tratt i c stream. If a 
pass occurs, the sequence numbers of the 
buses are switched. If a pass cannot 
occur, the "final" departure time Is set 
to the departure time of the preceeding 
bus, plus driver reaction time. 

6. At stop I ines, the conditions are check➔J 
at the "tentative" arr iva I time. Depend
Ing on the signal-sequence status, buses 
may "depart" at that time or be delayed. 
F lnal arr Iva I and departure times are 
calculated accordingly. 
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This process is repeated, as appropriate, tor 
each stop on each link for the current simu
lated period. 

COMPUTATIONAL AL~1Ttt4S 

There are three computational algorithms of 
Interest in the SUB model. These are the 
traffic t low, bus t low and passenger service 
models. 

The tratfl c f I ow model Is quite sl mp I e. 
Groups of passenger cars are propagated at 
constant speed If not queued. If enter Ing a 
queue, the traffic is assumed to join the 
queue Instantaneously (since delays are not 
calculated). The queue length varies accord
Ing to the number of arr i va Is and departures. 
Discharges are also calculated simply. At 
the start of green at a signal, the number of 
initial departures are based on the Input 
d I scharge headways. At each ti me step, so 
many vehicles are released, until the queue 
has di ssl pated. From th! s point stop I ine 
departures equal arrivals. 

The bus travel model is somewhat more sophis
ticated. All buses have their "tentative" 
travel times from stop to stop estlnated by 
an accel eratlon-cru I se-decel er at Ion node I. 
The var lab les that control thl s cycle are 
d I stance and cru I se speed. The latter Is 
determined to be the lesser of the desired 
bus cru I se speed or the speed of trattl c. If 
traffic density exceeds a threshold value, 
the bus speed w 11 I be reduced proportionate I y 
to the degree of excess dens I ty. Qice the 
cruise speed is determined (for Individual 
buses), the "delays" due to acceleration and 
deceleration are determined and the projected 
travel times Is summed. Bus travel times are 
g lven a random var lat Ion by the node I. 
"Tentative" arr Iva I times mentioned above are 
thus calculated. Finally, the bus passenger 
service time (BPST) Is based on the fol lcwing 
relatlonshl p: 



BPST = RT + (LIT X PU (8. 1) 
+ CUIT X PU) - ( I LU X PL X PU) 

where RT = residual CI ost) time for servicing 
passengers 

LIT = lncrementa I time for I oad Ing one 
passenger 

PL = passengers loaded 

UIT = I ncrementa I time for unloading one 
passenger 

PU = passengers un I oaded 

ILU = interaction between I oad Ing and 
unloading 

As In the case of most simulation models, 
the main complexity of SUB is the logical 
decision-making which occurs at each time in
terval (for the macroscopic simulation) or 
event (for the microscopic simulation). 

ORIGIN OF RANDOi'! NUMBERS •251671 - PROCESSING INTERVAL , 10 

QUEUE DISCHARGE HEADWAYS= 5.3 4.0 3.2 2.7 2.5 2.4 

CAR LENGTH = 22. FT BUS LENGTH = 45. FT. BUS TRAF. FACTOR = 2. 0 
BUS ACCELERATION = 2. 2 MPH/SEC - BUS DEC EL ERA TION = 3. 0 MPH/SEC 
BUS CRUISING SPEED = 20. MPH AVERAGE BUS DELAY = 90 SEC 

SERVICE Tll'IE IH SEC= 4.50 + 2.70 PL+ 1.00 PU - 0.05 PL.PU+ DEV. 

TRAFFIC DEMANDS, VPH , 
868 96 0 1188 984 

LINK LENGTH BUS STOP NO. 1 BUS STOP NO. 2 BUS STOP NO, 3 
NO. FEET DIST CAP TYPE DIST CAP TYPE DIST CAP TYPE 

FEET BUS FEET BUS FEET BUS 

1 291. 0. 0 0 
2 292. 292. 2 0 
3 292. 292. 2 0 
4 237. 237. 2 0 
5 348. 348. 2 0 
6 284. 284. 2 0 

EXPECTED BUS ARRIVALS TO FIRST STOP L !NE IN HOURS & MINUTES 

ROUTE ARRIVALS , 

1 1635 1645 1655 1705 1715 1725 

2 1635 1650 1705 1720 

3 1630 1642 1654 1706 17 18 

4 1630 1645 1700 1715 

PERCENT DI' BUS COMMON PASSENGER DEMAND 

BETWEEN ROUTE 1 BETWEEN ROUTE 3 

AHO ROUTES , 1 3 AND ROUTES 1 3 

COMMON LOADING 80 20 COMMON LOADING 70 30 
COMMON UNLOAD. 80 20 COMMON UNLOAD. 70 30 

BETWEEN ROUTE 2 BETWEEN ROUTE 4 

AND ROUTES , 2 4 AND ROUTES , 2 4 

COMMON LOADING 50 50 COMMON LOADING 50 50 
COMMON UNLOAD. 50 50 COMMON UNLOAD. 50 50 

SUB 

The recursive techn Iqua used In SUB perhaps 
loses some accuracy, but is highly efficient 
from the computational size and time 
per spect Ives. 

OUTPUT REP~TS 

The SUB model produces three basl c types of 
output reports. These ere d I scussed separ
ate I y below. 

Input Data Reports 

The program g Ives a 11 st Ing of the input data 
in two formatted reports. The first ls a 
summary of Input data for the entire simu
I at ion run: then, prior to the results of 
each simulation period, a second report shows 
the data pecullcr to that time period. 
Samp I es of these reports are shown In FI gure 
77. 

FOR SIMULATION PERIOD 1 - FROM 16,30 TO 16,o --------

TRAFFIC SIGNALS SETTING IN SECONDS 

LINK CYCLE GREEN ADVANCED OFFSET 
NUMBER LENGTH PHASE GREEN 

1 
2 
3 
4 
5 
6 

90 
90 
90 
90 
90 
90 

47 
52 
63 
48 
64 
48 

0 
0 
0 

10 
0 
0 

TRAFFIC SPEEDS AND VOLUMES 

40 
41 
39 
59 
63 
52 

LINK SPEED VOLUME FROM OPPOS. MDBLCK TURNING LANE 
NUMB MPH SIDE ST VPH VOLUME DEMAND PROBABILITY DISTRIBUTION 

LEFT RIGHT VPH VPH LEFT RIGHT ONE TWO 

25. 148 0 1058 0. 0 0. 37 0.53 o.o 
25. 0 200 926 0, 0 0, 0 0 .65 0. 35 
25. 0 0 1041 0 .o 0. 50 0 .63 D .37 
25. 0 108 992 0. D D. 0 0. 77 0 .23 
25. 0 0 931 0. 0 1. 00 0. 79 0 .21 
25. 0 165 1029 0. 0 0. 0 0. 99 0, 01 

IUS PASSENGER DEl1AND 

BUS ROUTE 1 ROUTE 2 ROUTE 3 ROUTE 4 ROUTE 
STP PL PU PL PU PL PU PL PU PL PU PL PU 

2 6 1 -1 -1 -1 
4 2 0 3 2 4 
6 8 2 6 4 8 
8 4 .1 3 2 5 

10 6 2 5 6 8 

BUS PASSENGER LOAD AHO CAPACITY 

ROUTE LOAD CAPACITY 

1 20 65 
2 26 65 
3 24 65 
4 18 65 

Figure 77. SUB Summary of Input Data Report 
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BUS STATISTICS 

BUS NUMBER 

ROUTE NO. 

-LINK NUMBER 1 

STOP LINE 

ARRIVAL TIME 16: 31 16: 33 16:36 16 " 16 :43 o, 
DEPARTURE TIME 16:31 16 :33 16: 36 16 " 16: 43 o, 

-LINK HUMBER 2 

BUS. STOP HO. 1 

ARRIVAL TIME 16: 32 16: 33 16:36 16: 37 16 :43 o, 
PAS.S. LOADED 0 0 ' 0 0 
PASS. UNLOADED 0 0 0 0 0 
SERVICE TIME, SEC 0 0 • 0 0 
DEPARTURE TIME 16 :32 16::n 16: 36 16: 37 16 :43 o, 

STOP LINE 

ARRIVAL TIME 16: 32 16:33 16:36 16:37 16:43 o, 
DEPARTURE TIME 16: 32 16 :33 16: 37 16: 37 16 :43 o, 

-LINK NUMBER ' 
BUS STOP NO. 1 

ARRIVAL TIME 16: 32 16::n 16: 37 16 :37 16 :44 o, 0 o, 0 
PASS. LOADED 0 0 1 2 2 0 0 
PASS. UNLOADED 0 0 0 0 0 0 0 
SERVICE TIME, SEC 0 0 ' ' 7 0 0 
DEPARTURE TIME 16: 32 16: 33 16:37 16:37 16=44 ,, 0 o, 0 

STOP LINE 

ARRIVAL TIME 16: 32 16: 33 16: 37 16! 37 16:44 o, ,, 
DEPARTURE TIME 16: 32 16: 33 16: 37 16 :37 16 :44 o, o, 

- LINK HUMBER • 
BUS STOP NO. 1 

ARRIVAL TIME 16: 32 16 :33 16: 37 16: 38 16 :44 ,, ,, 0 
PASS. LOADED 0 1 3 3 4 0 
PASS. UNLOADED 0 0 1 0 1 0 
SERVICE TIME, SEC 0 • 16 10 12 0 
DEPARTURE TIME 16: 32 16:n 16: 37 16: 38 16 ;44 o, o, 0 

STOP LIHE 

ARRIVAL TIME 16: 32 16:n 16: 37 16: 38 16 :44 o, ,, 
DEPARTURE TIME 16: 32 16: 33 16 :37 16 :38 16144 o, o, 

Figure 78. Bus Itinerary and Summary 
Statistics Report 

Bus Itinerary and Stum111ry Statistics 

The first of the reports on the results of 
the simulation run is the bus itinerary and 
summary statistics report, shown In Figure 
78. The arrival and departure times of each 
bus at each bus stop is shown, along with the 
passenger loading/unloading and the passenger 
service time. These are reported by I ink and 
for the entire section. Additionally, the 
average overal I speed is shown for the entire 
section. This report is issued for each 
simulation time period. 

ROUTE STATISTICS 

ROUTE HUMBER 4 

TOTAL p. LOADED 10 11 14 

TOTAL P. UNLOADED 

TOTAL 5. TIME, MIN 47 43 62 

MEAN SPEED, MPH 8. 4 13.0 15. 0 15 .-o 

P. WAIT. TIME, MIN 87 70 128 

MEAN P W TIME, MIN 8. 7 6. 4 0.0 0.0 

SUMMARY STATISTICS 

TOTAL PASSENGERS LOADED 

TOTAL SERVICE TIME, MIN 

35 TOTAL PASSENGERS UNLOADED = 

152 MEAN OHRALL BUS SPEED, MPH= 13.3 

PASS WAITING TIME, MIH = 285 MEAN PASS. WAIT. TIME, MIH = 8. 1 
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Figure 79. Route Statistics and Summary 
Report 

Route Statistics and Summary Statistics 

Finally, at the conclusion of the simulation 
run, the loading/unloading, service times, 
mean speed and tota I and average passenger 
waiting time are reported by route, and for 
the entire run. M example of this report is 
shown in Figure 79. The regularity of bus 
arrivals at stops, mean speed and passenger 
waiting time are the significant MOE for the 
system simulated. 

ADDITIONAL FEATURES 

The "standard" analysis options avallabie in 
the SUB model enable the analyst to consider 
the fol lowing design characteristics: 

o Changes in types of buses 

o Locations of bus stops 

o Type of bus stops 

o Route and sched u I e changes 

o Changes In passenger or veh i c I e derrand 

o Changes in fare collection techniques 



By proper man I pulation of Input data, these 
additional traffic management strategies may 
be studied. 

o Restricted lane tor buses 

o Coordination of traffic signals to favor 
passage of buses at signalized Inter
sections 

Finally, it is possible to represent buses 
that enter and/or exit the arterial at Inter
mediate points within the study section. 
This ls done by treating them as part of the 
general traffic on the links in which they do 
not actually travel. 

The SUB model on I y ana I yzes. No design is 
"recommended" by the model; however, by 
making successive runs with varied control 
conditions, the user can evaluate the 
alternative strategies and by comparison of 
the resu I ts s i mu I ated, se I ect the "best" 
solution. 

APPLICATIONS ANO LIMITATIONS 

The SUB model is designed to analyze bus 
operations on signal I zed arterial streets. 
Considered are the Impacts of bus stop strat
egies and the affect of general traffic on 
bus operations. The reverse, or the impact 
of buses on general traffic Is not consid
ered, mainly because other models can already 
perform this function. NETSIM (Chapter 11) 
ls the prime example of this capabll lty. 

The I Imitation of two lanes In SUB Is, In 
reality, not a serious I Imitation. Most 
buses norma I ly use the curb lane, in order to 
service stops, or the adjacent lane, to pass. 
Since total traffic impacts are not assessed, 
It Is, only necessary to deal with these two 
lanes. If a system actually has more lanes 
and/or left-turn bays, it can be modeled by 
simply omitting the traffic that wl 11 not 
Impact on bus operations. 
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The treatment of traffic signals is somewhat 
slmpl istic in SUB. The binary control func
tion, green or not green, I imlts the study of 
traffic signal strategies somewhat. Also, in 
this regard, bus preempt ion is becoming an 
increasingly considered method of improving 
bus operations. This type of con1rol cannot 
be simulated by SUB. 

The limitations notwithstanding, SUB is a 
unique model in the traffic engineer's arsen
al of traffic operations models. It Is also 
a va I uab I e tool tor the transl t operator and 
can be used by both the tratti c agency and 
the operator to eva I uate Improved tratti c/ 
transit management strategies. 

EXAMPLE APPL I CATI ON 

An examp I e prob I em was deve I oped to 11 I us
tr ate the use of SUB to evaluate alternative 
bus stop locations and design. The example 
Is based upon the same arterial street used 
prevl ous I y tor 111 ustrative purposes. The 
following paragraphs describe the use of SUB 
for this model. 

Problem Description 

Ashley Drive ls the major arterial route ser
v Ing the downtown area. At the present t I me 
tour bus routes are served by this facility 
with a maximum hourly volume of 19 buses per 
hour tor a I I routes. None of the buses now 
stop and pick up passengers on Ashley Drive. 
However, there Is some cons I deratlon of the 
need of adding bus stops to serve the adja
cent office buildings as well as a multl
p urpose center on the west s I de of the street 
which ls frequently used during the daytime 
tor convention and Industrial shows. 

The purpose of th Is examp I e prob I em Is to 
eva I uate the use of necrsi de unprotected bus 
stops at each street, which the dr Iver and 
transit company prefers, or to Install two 
protected mldblock bus stops as desired by 
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the city traffic engineer. Figure 80 I I lus
trates these two alternatives. 

Analysis of Existing Conditions 

Since this is a proposal to evaluate two 
alternative rrethods of serving potential 
passenger demand on this route no existing 
condition is modeled. 

Define and Analyze Alternatives 

In order to define each of the alternatives 
it is necessary to code information on vari
ous pararreters (vehicle characteristics and 

MMM THE SUB MODEL JOBI 

SIMULA T!OH OF UR BAH BUSES 

ASHLEY DR BUS OPERATIOHSCPMl- PROPOSED 5 UNPROTECTED HEAR S 

ORIGIN OF RANDOM NUMBERS •251671 - PROCESSING INTERVAL : 10 

QUEUE DISCHARGE HEADWAYS= 5.3 4.0 3.2 2.7 2.5 2.4 

CAR LENGTH = 22. FT BUS LENGTH = 45. FT. BUS TRAF. FACTOR = 2.0 
BUS ACCELERATION = 2.2 MPH/SEC - BUS DECELERATION = 3.0 MPH/SEC 
BUS CRUISING SPEED = 20. MPH AVERAGE BUS DELAY = 90 SEC 

SERVICE TIME IH SEC= 4.SO + 2.70 PL ♦ 1.00 PU - 0.05 PL.PU ♦ DEV. 

TRAFFIC DEMANDS, VPH : 
868 960 1188 984 

LINK L EHGTH 
NO. FEET 

1 29 1. 
2 292. 
3 292. 
4 237. 
5 348. 
6 284. 

BUS STOP HO. 1 
DIST CAP TYPE 
FEET BUS 

o. 
292. 
292. 
237. 
348. 
284. 

BUS STOP HO. 2 BUS STOP HO. 3 
DIST CAP TYPE DIST CAP TYPE 
FEET BUS FEET BUS 

EXPECTED BUS ARRIVALS TO FIRST STOP LINE IH HOURS I MINUTES 

ROUTE ARRIVALS : 

1 1635 1645 1655 1705 1715 1725 

2 1635 1650 1705 1720 

1630 1642 1654 1706 1718 

4 1630 1645 1700 1715 

PERCENT OF BUS COMMON PASSENGER DEMAND 

BETWEEN ROUTE 1 

AND ROUT ES I 3 

COMMON LOADING 80 20 
COMMON UNLOAD. 80 20 

BETWEEN ROUTE 2 

AND ROUTES : 2 4 

COMMON LOADING 50 50 
COMMON UNLOAD. 50 50 

BETWEEN ROUTE 3 

AND ROUTES : 1 3 

COMMON LOADING 70 30 
COMMON UNLOAD. 70 30 

BETWEEN ROUTE 4 

AND ROUTES : 2 4 

SUB 

passenger service characteristics) which are 
representative of local cond I tlons. Since 
these were not read I I y ava I I ab I e for the 
local l!rea, guidel Ines suggested in the 
User's Manual were utilized. 

Since there are no special coding forms the 
I ntormation was coded on standard forms and 
keypunched. FI gure 81 shows a compar I son of 
Input data for both alternatives from the 
output reports. 

The only change be-tween the -two alternatives 
is location of bus stops, capacity and type. 
For Alternative A five unprotected bus stops 

tOOf THE SUB MODEL JOO~ 

SIMULATION OF URBAN BUSES 

ASHLEY DR BUS OPERATIOHSCPM -ALTERNATE 2 PROT MID BLOCK BUS 

ORIGIN OF RANDOM NUMBERS =251671 - PROCESSING INTERVAL 10 

QUEUE DISCHARGE HEADWAYS= 5.3 4.0 3.2 2.7 2.5 2.4 

CAR LENGTH = 22. FT BUS LENGTH = 45. FT. BUS TRAF. FACTOR : 2.0 
BUS ACCELERATION = 2 .2 MPH/SEC - BUS OECELERATION = 3. 0 MPH/SEC 
BUS CRUISING SPEED = 20. MPH AVERAGE BUS DELAY = 90 SEC 

SERVICE TIME IN SEC= 4.50 + 2.70 PL ♦ 1.00 PU - 0.05 PL.PU+ DEV. 

TRAFFIC DEMANDS, VPH : 
868 960 1188 984 

LINK LENGTH 
NO. FEET 

1 291. 
2 292. 
3 292. 
4 237. 
5 348. 
6 284. 

BUS STOP NO 1 
DIST CAP TYPE 
FEET BUS 

0. 
0. 
0. 

150. 
0. 

150. 

BUS STOP HO. 2 BUS STOP HO. 3 
DIST CAP TYPE DIST CAP TYPE 
FEET BUS FEET BUS 

EXPECTED BUS ARRIVALS TO FIRST STOP LINE IN HOURS I MINUTES 

ROUTE ARRIVALS : 

1635 1645 1655 1705 

2 1635 1650 1705 1720 

3 1630 1642 1654 1706 

4 1630 1645 1700 17 15 

PERCENT 

BETWEEN ROUTE 1 

AND ROUTES 1 3 

COMMON LOADING 80 20 
CDMMON UNLOAD. 80 20 

BETWEEN ROUTE 2 

AND ROUTES 2 4 

COMMON LOADING 50 50 
COMMON UNLOAD. 50 50 

BETWEEN ROUTE 3 

AND ROUTES 1 3 

COMMON LOADING 70 30 
COMMON UNLOAD. 70 30 

BETWEEN ROUTE 4 

AND ROUTES : 2 4 

17 15 1725 

1718 

OF BUS CO!'IMOH PASSENGER DEMAND 

COMMON LOADING 50 50 COMMON LOADING 50 50 
COMMON UNLOAD. 50 50 COMMON UNLOAD. 50 50 

Figure 81. Comparison of Summary Input Data tor Alternatives 

151 



SUB 

Alternative "A" 
-------- FOR SIMULATIOH PERIOD 1 - FROM 16•30 TO 16•45 

TRAFFIC SIGNALS SETTING IH SECOHDS 
I 

LIHK CYCLE GREEH ADVANCED OFFSET 
HUMBER LENGTH PHASE GREEH 

1 90 47 0 40 
2 90 52 0 41 
3 90 63 0 59 
4 90 4g 10 S9 
s 90 64 0 63 
6 90 4g 0 S2 

TRAFFIC SPEEDS AHO VOLUMES 

LIHK SPEED VOLUME FROM OPPOS. MDBLCK TURH!HG LAHE 

HUMB MPH SIDE ST VPH VOLUME DEMAHD PROB A BIL !TY DISTRIBUTION 
LEFT RIGHT VPH VPH LEFT RIGHT ONE TWO 

1 25. 14& 0 1058 0. 0 0. 37 0 .53 0 .47 

2 2S. 0 200 926 0. 0 0. 0 0. 65 0. 35 
3 2S. 0 0 1041 0. 0 0. so 0. 63 0. 37 
4 25. 0 10& 992 0. 0 0. 0 0. 77 0 .23 
s 2S. 0 0 951 0. 0 1.00 0. 79 0 ,21 
6 2S. 0 165 1029 0. 0 0. 0 0. 99 0. 01 

---------------------------------- _-- -
BUS PASSENGER DEMAHD 

BUS ROUTE 1 
STP PL PU 

ROUTE 2 ROUTE 3 ROUTE 4 ROUTE 
PL PU PL PU PL PU PL PU PL PU 

2 6 
4 2 
6 8 
g 4 

10 6 

-1 -1 -1 
3 2 4 
6 4 g 
3 2 5 
5 6 8 

BUS PASSENGER LOAD AND CAPACITY 

ROUTE LOAD CAPACITY 

1 20 65 
2 26 65 
5 24 65 
4 1a 65 
- 0 U T p U T s -

BUS STATISTICS 

BUS NUMBER 2 3 4 5 

ROUTE NO. 4 2 4 

-LINK HUMBER 1 

STOP LINE 

ARRIVAL TIME 16: 31 16: 33 16: 36 16: 37 16 :43 0: 0: 
DEPARTURE TIME 16: 31 16• 33 16 •36 16 • 37 16 •43 0: 0: 

-LINK HUMBER 

BUS STOP HO. 

ARRIVAL TIME 16: 32 16 •33 16: 36 16•37 16 •43 0: 0: 
PASS. LOADED 0 D 3 0 D 
PASS. UNLOADED 0 0 0 0 0 
SERVICE TIME, SEC 0 0 6 0 0 
DEPARTURE TIME 16: 32 16: 33 16: 36 16 • 37 16 :43 0 I 0: 

STOP LIHE 

ARRIVAL TIME 16132 16•33 16•36 16 :37 16 :43 0: O• 
DEPARTURE TIME 16: 32 16: 33 16: 37 16:37 16 •43 0: 0: 

-LINK NUMBER 3 

BUS STOP NO. 

ARRIVAL TIME 16 • 32 16•33 16•37 16: 37 16•44 o: 0 0: 
PASS. LOADED 0 0 1 2 2 0 
PASS. UNLOADED 0 0 0 0 0 0 
SERVICE TIME, SEC 0 0 3 9 7 0 
DEPARTURE TIME 16: 32 16•33 16 :37 16: 37 16: 44 0: 0 o: 
STOP LINE 

ARRIVAL TIME 16: 32 16133 16•37 16: 37 16•44 0 I 0 0: 
DEPARTURE TIME 16: 32 16• 33 16 •37 16: 37 16: 44 0: 0 0: 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

F lgure 82. Compar Ison of Bus Itinerary 

Alternative 11911 

-------- FOR SIMULATION PERIOD 1 - FROM 16 :30 TO 16 :45 -------

TRAFFIC SIGNALS SETTING IH SECONDS 

LIHK CYCLE GREEN ADVANCED OFFSET 
NUMBER LENGTH PHASE GREEN 

1 90 47 0 40 
2 90 52 0 41 
3 90 63 0 39 
4 90 48 10 59 
5 90 64 0 63 
6 90 4g 0 52 

TRAFFIC SPEEDS AND VOLUMES 

LINK SPEED VOLUME FROM OPP OS. MDBLCK TURNING LANE 
NUMB l'IPH SIDE ST VPH VOLUME DEMAND PROBABILITY DISTRIBUTION 

LEFT RIGHT VPH VPH LEFT RIGHT ONE TWO 

1 2S. 14& 0 105& 0 0. 0 0 .37 0 .53 0 .47 
2 25. 0 200 926 0 0. 0 0. 0 0 ,65 o. 35 
3 25. 0 0 1041 D 0. D D .50 D .63 0. 37 
4 25. 0 108 992 D D. 0 0. 0 D. 77 0. 23 
5 25. 0 0 951 D D. 0 1.00 0. 79 0 .21 
6 25. 0 165 1029 D 0. 0 0. 0 0. 99 0.01 

BUS PASSENGER DEMAND 

BUS ROUTE 1 ROUTE 2 ROUT-E 3 ROUTE 4 ROUTE 
STP PL PU PL PU PL PU PL PU PL PU PL PU 

16 
10 

BUS HUMBER 

ROUTE NO. 

-LINK NUMBER 

STOP LINE 

ARRIVAL TIME 
DEPARTURE TIME 

-LIHK HUMBER 

STOP LINE 

ARRIVAL TIME 

1 

2 

DEPARTURE TIME 

-LIHK HUMBER 

STOP LINE 

ARRIVAL TIME 
DEPARTURE TIME 

9 2 12 1 
8 0 15 2 

BUS PASSENGER LOAD AHD CAPACITY 

ROUTE LOAD CAPACITY 

1 20 65 
2 26 65 
3 24 65 
4 18 65 

0 U T P U T s -
BUS STATISTICS 

16•31 16•33 16•36 16•37 16•43 a, a, 
16•31 16•33 16•36 16•37 16•43 o: o: 

16 :33 16: 36 16: 37 16 :44 0: DI 16: 32 
16132 16• 33 16 •36 16: 37 16: 44 0' 0: 

0: 16 •32 16•33 16: 36 16: 3g 16•44 0' 
16: 32 16133 16: 36 16138 16 • 44 0' 0' 

and Bus and Route Summary Statistics for 
1st Simulation Period 
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SUB 

Alternative "A" Alternative "B" 

-LINK NUMBER 4 -LINK NUMBER 4 

BUS STOP NO. BUS STOP NO. 

ARRIVAL TIME 16: 32 16: 33 16: 37 16: 38 16 :44 0: 0: ARRIVAL TIME 16: 32 16: 33 16: 36 16: 38 16: 44 o, o, 
PASS. LOADED 0 I 3 3 4 PASS. LOADED I 1 5 5 8 
PASS. UNLOADED 0 0 I 0 I PASS. UNLOADED 0 0 1 1 I 
SERVICE TIME, SEC 0 6 16 10 12 SERVICE TIME, SEC 3 12 9 16 37 
DEPARTURE TIME 16: 32 16: 33 16: 37 16: 38 16 :44 0: 0: DEPARTURE TIME 16: 32 16: 33 16: 36 16: 38 16 ,44 o: 0: 

STOP LINE STOP LINE 

ARRIVAL TIME 16: 32 16: 33 16: 37 16: 38 16: 44 0: 0: ARRIVAL TIME 16: 32 16: 33 16: 37 16: 38 16: 45 o, 0: 
DEPARTURE TIME 16: 32 16: 33 16: 37 16: 38 16: 44 o: o: DEPARTURE TIME 16: 33 16: 34 16: 37 16: 39 1():45 o: 0: 

-LINK HUMBER 5 
-LINK HUMBER 

STOP LINE 

BUS STOP NO. ARRIVAL TIME 16: 53 16: 34 16: 37 16: 39 o: 0: o: 
ARRIVAL TIME 16: 32 16: 33 16: 38 16: 38 16 :44 o, 0: 

DEPARTURE TIME 16: 33 16: 34 16: 37 16: 39 o: o: o: 
PASS. LOADED 0 I I 2 I 
PASS. UNLOADED 0 0 0 0 0 
SERVICE TIME, SEC 0 10 7 9 10 
DEPARTURE TIME 16: 32 16: 33 16: 38 16: 38 16: 44 0: o: 

STOP LINE 

ARRIVAL TIME 16: 32 16: 33 16: 38 16: 38 16 :44 0: 0: 
DEPARTURE TIME 16: 32 16: 33 16: 38 16: 38 16: 44 0: o: 

-LINK NUMBER 6 -LINK HUMBER 6 

BUS STOP NO. ·BUS STOP NO. 

ARRIVAL TIME 16: 32 16: 33 16: 38 16: 38 16 :44 0: 0: ARRIVAL TIME 16: 33 16: 34 16: 37 16: 39 o: o: 0: 
PASS. LOADED 0 2 2 4 3 PASS. LOADED 3 3 2 5 
PASS. UNLOADED 0 0 1 0 1 PASS. UNLOADED 0 1 I 0 
SERVICE TIME, SEC 0 " 15 15 6 SERVICE TIME, SEC 11 9 7 17 
DEPARTURE TIME 16: 32 16: 33 16: 38 16: 38 16 :44 0: 0: DEPARTURE TIME 16: 33 16: 34 16: 37 16: 39 0: o, 0: 

STOP LINE STOP LINE 

ARRIVAL TIME 16: 32 16:33 16: 38 16: 38 16 :44 o: 0: ARRIVAL TIME 16: 33 16: 34 16: 38 16: 39 o: o: 0: 
DEPARTURE TIME 16: 32 16: 34 16: 38 16: 38 16 :44 0: o: DEPARTURE TIME 16: 33 16: 34 16: 38 16: 39 0: 0: 0: 

TOTAL P. LOADED 10 11 10 TOTAL P. LOADED 10 8 

TOTAL P. UNLOADED 2 TOTAL P. UNLOADED 

TOTAL TIME, SEC 27 47 43 35 TOTAL TIME, SEC 14 21 16 33 37 

OVERALL SPEED MPH 15. 0 15. 0 8. 4 I 3. 0 15. 0 0. 0 0. 0 OVERALL SPEED MPH 9. 6 8. 6 10. 0 7. 6 6. 6 0.0 0. 0 

ROUTE STATISTICS ROUTE STATISTICS 

ROUTE NUMBER 2 ROUTE NUMBER 

TOTAL P. LOADED 10 " 14 TOTAL p. LOADED 10 12 

TOTAL P. UNLOADED 2 2 TOTAL p. UNLOADED 2 

TOTAL s. TIME, MIN 47 43 62 TOTAL s. TIME, MIN 16 33 58 14 

MEAN SPEED, MPH 8.4 13. 0 15. 0 15. 0 MEAN SPEED, MPH 10. 0 7. 6 7 .6 9. 6 

p. WAIT. TIME, MIN 87 70 128 p. WAIT. TIME, MIN 84 46 33 165 

MEAN P W TIME, MIN 8. 7 6. 4 0. 0 0.0 MEAN P W T !ME, MIN 12. 0 4. 6 2 .8 41. 3 

SUMMARY STATISTICS SUMMARY STA TIS TICS 

TOTAL PASSENGERS LOADED 35 TOTAL PASSENGERS UNLOADED : 4 TOTAL PASSENGERS LOADED 33 TOTAL PASSENGERS UNLOADED = 

TOTAL SERVICE TIME, MIN 152 MEAN OVERALL BUS SPEED, MPH: 13 .3 TOTAL SERVICE TIME, MIN 12 I MEAN OVERALL BUS SPEED, MPH= 8.5 

PASS WAITING TIME, MIN : 285 MEAN PASS. WAIT. TIME, MIN : 8. 1 PASS WAITING TIME, MIN = 328 MEAN PASS. WAIT. TIME, MIN : 9. 9 

F lgure 82. Compar Ison of Bus Itinerary and Bus and Route Summary Statistics for 
1st Simulation Period (Continued) 
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SUB 

(Code 0) with capacity tor 2 buses each were 
coded for I Inks 2, 3, 4, 5, and 6. For 
Alternative B two protected bus stops (Code 
1) with capacity of 3 buses each were coded 
for I inks 4 and 6. 

FI gure 82 shows a comparison between the bus 
itinerary and summary statistics for one of 
the simulation periods (4:30 PM to 4:45 PM). 
The only difference In the Input data was the 
bus passenger demand for each bus stop and 
route. Fol low Ing thl s Input data Information 
Is printed out for each bus simulated showing 
it's route number, arrival and departure time 
at each stop bar, as wel I as at each bus 
stop. For each bus stop the passengers 
loaded and unloaded and the service time Is 
shown. 

FI gure 82 a I so compares the route statistics 
and summary statistics for the simulation 
period. 

Evaluation of Results 

The reports for each period provides a c~ 
parison of statistics. The most useful data 
are the overal I average bus speed and passen
ger waiting time. Table 20 provides a su~ 
mary of the resu Its for each of the four 15 
minute simulation periods and for the total 
hour. 

Review of each of the simulation periods, in
dicates that for the 1st period Alternative B 
results in higher speeds and lower average 
passenger waiting time. However, as the 
simulation continues Alternative A appears to 
be more advantageous. For the entire peak 
hour the tota I bus serv Ice t I me and the mean 
passenger waiting time Is lower for Alternate 
A. 

From the bus operators standpoint Alternate A 
wou Id min 1ml ze bus travel time and passenger 

Table 20 - Comparison of MOE'S for Alternative Bus Stop Configuration 

Alternative A Alternative B 
Summary Peak Peak 
Statistics 1 2 3 4 Hour 1 2 _3_ 4 Hour -- -- -- -- -- -- --

Total Passengers 33 79 60 59 231 35 71 79 36 221 
Loaded 

Total Passengers 5 14 9 12 40 4 15 9 3 31 
Unloaded 

Total Service 121 241 238 233 833 152 291 345 140 928 
Time (Min) 

Mean Over a I I 8.5 8.0 5.8 6.3 7.2 13.3 7.6 4.4 5.6 7.7 
Bus Speed (MPH) 

Passenger Wa It- 328 220 384 204 1136 292 298 222 504 1316 
Ing Time (Min) 

Mean Passenger Walt- 9.9 2.8 6.4 3.5 4.9 8.3 4.2 2.8 14.0 6.0 
ing Time (Min) 
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wait time. However, a study of the effect of 
bus stops in the traffic lane would expect to 
show a significant reduction In capacity and 
increased delay time for other motorists. 

The Increase In mean passenger waiting time 
from 4.9 minutes to 6.0 minutes would not 
appear to be si-gnlficant. However, the in
crease in service time from 833 minutes to 
928 minutes (1.6 hours) of vehicle operating 
time would result In higher operating costs 
and must be considered by the transit oper
ators. 

Slaml8ry of Work Effort Required 

The fol lowing summarizes the work effort 
required for the example problem. 

Data Collection - Data was readily available 
for the arterial geometrics, traffic volumes 
and signal operations, as wel I as the number 
of buses per hour by rout-e. Oat-a on passen
ger demand was not ava 11 ab I e si nee no bus 
stop exl sted. The data used were based upon 
estimates by the author for 1I lust-ratlve pur
poses only. Oat-a were also not available on 
bus passenger service time and It was neces
sary to use the guidel Ines In the User's 
Manual. In actual practice It would be 
desirable to obtain dat-a on local character
istics If they were not available, and 
cons I derab I e dat-a col I ect Ion effort may be 
required. 

Data Coding - Once the data were obtained (or 
basic assumptions made) the coding was 
straightforward. Some difficulty was 
experienced in obtaining an executable input 
deck since the model has no edit checks or 
error messages, however, this was resolved by 
repeated runs. Approximately two (2) hours 
were req u Ired to code the data once It was 
obtained (or created in this example). 

Computer Time - The SUB model required less 
than one second of CPU time for Alternate A 
and for Alternate B. Each alternate required 
98 K byt-es of core storage. 

SUB 
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CHAPTER 9 - TRANSYT-7F (NETWORK OPTIMIZATION MODEL) 

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, The qua I ity of the envi
ronment and excess f ue I consumption can be 
reduced as wel I, Such efficiency can only be 
achieved by interconnecting the signals and 
operating them in such a manner that min 1-
mizes the delay and stops in the system, 
Numerous computer programs have been wr I tten 
to assist engineers In determining how the 
signals should be timed and several on-I lne 
control programs are ava i I ab I e as wel I. 

One of the most wide I y used design models Is 
the TRAf f i c Network StudY Tool - TRANSYT -
d eve I oped by Denn is Robertson of the Tr ans
port and Road Research Laboratory in England 
(References 9.1 thru 9,3). Since the origi
nal model was Introduced in 1968, numerous 
improvements have been made and new versions 
issued, The version discussed here is 
TRANSYT-7F (Reference 9.4). An early version 
TRANSYT-6C, is ava I I ab I e from FHWA ( See 
Chapter 14). A later version (TRANSYT-8) is 
available on a I icense basis (Reference 9.5) 

MODEL DESCRIPTION 

The TRANSYT model is a macroscopic, determin
istic, time scan optimization model. It is 
used for optimizing the signal lzation on 
arterials and grid networks. The program was 
originally written In machine language for 
use on a Marconi Myrid Computer and later re
written in Fortran IV for more universal use. 
The TRANSYT-7F model wi 11 operate on an IBM 
370,, Q)C 7700, VAX and Honeywel I computers. 
On the IBM 370 the core requirements for 
TRANSYT-7F Is 278k. The program con ta ins 
7650 I Ines of code with approximately ten 
(10)% used for comments. 

The physical characteristics of a system con
sidered by TRANSYT-7F is a coordinated net
work of up to 50 intersections (nodes) with 
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Figure 83, Urban Arterial Network 
Congestion 

up to 250 directional I inks, Oily signalized 
intersections are normally modeled, but 
facilities exist for modeling sign control led 
intersections and "bottleneck" locations. 
Signal control is fixed-time, two to seven
phase (including pedestrian movements) and 
fixed sequential phasing. Stop I ines may be 
"shared" by several movements and priority 
I anes may be designated for buses. 

Signal timings are prin-ted ·In a format that 
is directly Implemented in the field for pre
timed controllers and time-space diagrams may 
be printed for selected routes. 

INPUT REQUIREMENTS 

There are 14 major types of input cards for 
TRANSYT-7F, some of which have single cards, 
others multiple cards. A complete deck stack 
Is shown In Figure 84. A summary of the in
put data is shown in Table 21. The basic in
puts fal I into four functional categories, 
namely, data which: 

a. Pre common to the entire network (e.g. 
cycle I ength, 



TRANSYT-7F 

I 
t 

jj TY 
• OPTIONAL CARD8 

Figure 84. Typical TRANSYT-7F Data Deck 

b. Control the optiml zation process, 

c. Specify signal timing, and 

d. Specify traffic data. 

Input cards are numbered by card type and are 
Input with al I node-specific data grouped by 
intersection. Standard coding sheets are 
available to assist the user in preparing in
put cards. Some of the sa I lent points about 
TRANSYT-7F Inputs are covered below {refer to 
Table 21). 

Run Tltle Card 

The run title card gives a name to the run 
and the card may contain any alphanumeric 
data. This must always be the first card in 
the deck. 

Control Card <Type 1) 

This card applies to the entire network. In 
addition to the cycle length in seconds, the 
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number of steps in the cycle is an important 
input because signal timing, flat1 and queue 
variations are calculated with a time resolu
tion determined by the number of steps. The 
stop penalty is the parameter that the user 
may use to specify the relative importance of 
stops and delay. The objective function in
cludes both and the number of stops/second is 
multiplied by this pararreter before being 
added to the delay. 

The effective green displacements are used to 
calculate delays by using an "effective 
green" equa I to the start of green plus 
beginning lag {i.e. startup lost time) and 
the end of green plus end lag {i.e., to 
account tor vehicles that use the yel ICM). 

The remain Ing inputs on this card are control 
opt ions. The opt ions ava i I ab I e are summar
ized as fol ICMs: 

1. Initial timings: user input or computer 
generated. 

2. Units of measure: English (gal Ions, feet 
and mph) or metric {liters, meters and 
km/hr). 

3. Timing units: seconds or percent of 
cycle. 

4. seeed units: speed or travel time. 

5. Outeut level: various levels of outputs. 

Optl ■lzatlon Node List (Type 2) 

Despite the limit of 50 nodes, they may be 
numbered from 1 to 9999. Nodes are entered 
in the sequence which they wil I be optimized 
in the hi 11 cl lmb process. If it is desired 
to group nodes so that they are opi·!mlzed 
together (e.g. their relative of tset and 
splits remain fixed, but their offset In the 
system Is al lowed to vary), a negative sign 
is placed before the secondary node number to 
indicate grouping with the next positive 
numbered node, which is the primary node. 
Any nodes that are not to be optimized are 
I ett oft this Ii st. As many ca-ds as 
necessary are used to number al I nodes. 



TRANSYT-7F 

Table 21 - Input Requirements for 1RANSYT-7F 

CARD TYPE CARD NAME PURPOSE DATA REQUIREMENTS 

NETWORK CONTROL TITLE Provide title for run Arbitrary information 
( 1 each per run) CONTROL CARO Define network-wide para- Cycle I ength, no. of steps 

meters and Input-output per cycle, stop penalty, 
opt Ions. simulation period, start-up 

lost time, end effective 
green time, output require-
men ts, type of units and 
volume scale. 

NODE LIST Define intersections in List of node numbers in the 
order which they are to be order which the user would 
optimized. I Ike them optimized. 

HILL-CLIMB Define the step sizes for The number and size of each 
CONTROL the optimization hi 11- Increment to be used in 

(Optional) c 11 mb Ing process. process (default values can 
be used). 

STOPS REDUCTION Define amount of delay Percent for seconds of delay 
(Optional) which will be considered a which is to be considered 

"stop". a stop (default values can 
be used). 

SENSITIVITY Provide parameter which Percent of change In flow 
PARAMETER will I I mi t affect of a node prof I le at node which down-
(Opt Iona I) on the downstream node. stream node shou Id be re-

cal cu lated (default values 
can be used). 

SHARED Def I ne I inks which have Link numbers of I inks which 
STOPL INE different types of turning share the same stop I ine. 

(Optional) movements or vehicles 
( buses norma I I y) that have 
different operating char-
acteristlcs tor which MOE 1 s 
are desired seoaratelv. 

NETV.ORK MASTER Def I ne other r,etwork-w Ide Node number to reference a 11 
parameters. of tsets, saturation flow 

rate and platoon dispersion 
factor to be used tor al I 
I inks. 

NODE SPECIFIC CONTROLLER Define control I er oft set Number of phases and length 
DATA TIMING and interva I lengths at of each interva I (max. 11) 

( 1 set per node) ( 1 per each intersection. offset or yield point can 
control I er) be coded if existing; code 

can also indicate double 
cvcl Ing. 

CONTROLLER Define additional control I er Dur at Ion of Intervals 12-25. 
TIMING interva Is. 

CONT I NUAT I ON 
(Optional) 
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Table 21 - Input Requirements for TRANSYT-7F (Continued) 

CARD TYPE CARD NAME PURPOSE DATA REQUIREMENTS 

PHASE TIMING Define intervals tor each I nterva I which star ts green 
( 1 per phase) phase and I Inks which move tor this phase, variable in-

on green. terva I, yel IOfl interval, al I 
red interval, min. ~ dura-
t Ion and I inks (max. 8) 
which move on this phase. 

NODE SPEC I Fl C PHASE TIMING Define additional I inks in Additional I in ks which move 
DATA CONTINUATION phase. on green. 

(Cont In ued) (Optional) 
LINK DATA Identity I ink geometr le and Length, number lanes (or 

( 1 per I ink) trattl c t low. saturation flow), traffic 
volumes, turning traffic 
from 3 I Inks and speeds. 

LINK DATA Identity additional I Ink Addi tlonal lost time/or 
CONT I NUAT ION characteristics. clearance uti I lzatlon on 

(Optional) I ink and/or trattl c from a 
4th I ink. 

MODI Fl ER CARDS FLOW/SPEED To permit modifications to Percent of flow rate and/or 
(optional) MULTIPLIER I ink tratti c volumes and/or speeds are to be changed 

(Optional) speeds. from orlolnal. by I ink. 
DELAY WEIGHT To provide factors which Link number and factor to be 

MODI Fl ER multiply the effect of applied. 
(Optional) delay In performance Index 

(PI). 
STOP PENAL TY To provide factors which Link number and factor to be 

MODIFIER multiply the effect of applied. 
(Optional) stops In Pl. 
PLATOON To change the platoon dis- Link number and new factor 

DISPERSION perslon factor for specific tor platoon d I sperslon. 
MODIFIER I Inks. 

(Optional) 
PLOT AND RUN FLOW PROFILE To Identity links which Link number and placement on 

CARDS PLOT flow profile plots are to output. 
(Optional) be output. 

RUN CARD To Instruct program as to Simulation or opt 1ml zatlon 
(Required) what type of run to execute. run and type. 
TIME SPACE To provide Instructions tor Number of nodes, time (or %> 
PARAMETER t I me-space p I ots. and distance axis scales. 
(Opt Iona I) 
TIME SPACE Provide title tor time- Arb I trary In format Ion. 

TITLE space plot. 
(Optional) 
TIME SPACE To Identity I Inks to be LI nk numbers In order to be 

LI t-l<S printed on plot. plotted. 
(Optional) 

TERMINATION To mark end of a run. Indicate It end of this run 
(Required) and It an additional run 

fol lows. 
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HIii-Ciimb Control (Type 4, Optlonal) 

This card controls the size of the increments 
made to the signal timings by the 11h111-
cllmb" process. Variations of the values on 
this card can be used to trade off run time 
for sufficiency of the optimization process, 
which In large networks may be deslrab le. 
Def au I ts are ava ii ab I e for this card. 

Stops per Delay (Type 5, Optional) 

This card al lows more realistic estimates of 
stops vs. delay. lRANSYT normally assigns 
one stop per delay, no netter how small. 
Since very short delays are likely to be slow 
downs rather than stops, this card may be 
used to simulate such characteristics more 
realistically. Defaults are available for 
this card. 

Sensitivity Para•ters (Type 6, Optional) 

This card controls the accuracy of the simu
I at ion process at each hi I I-cl lmb opt I ml za
t ion step. If the change in the departure 
pattern Is less than the percentage values 
input on this card from one set of signal 
timings to the next, the simulation of down
stream I inks is terminated. Th Is feature 
permits significant reductions in computer 
run time compared to prior versions. Large 
sensitivity parameters (e.g. 10%) are nor
ma I ly used Initially, then the parameters 
decrease to 0.01% as the optinel solution is 
approached. Defaults are also available for 
these parameters. 

Shared Stopllne Links (Type 7, Optional) 

If two or more links share a stopline (I.e., 
use the same roadway at the stopllne) they 
can be "grouped" using this card. Shared 
stop I ine I inks wi 11 rove on the same phases 
and have a common saturation flow. The I inks 
are reported separate I y in the outputs, 
however. 

Network Master Card <Type 10) 

The network master card Is required, although 
al I data fields are optional ( I.e., this card 
signals the use of lRANSYT-7F Inputs rather 
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than the ear I ier lRANSYT-7 inputs. The data 
fields include the designation of a nester 
control I er and several system-w Ide traffic 
flow model parameters. If a rrester con
trol I er is identified, al I offsets wi 11 be 
referenced to this conir oi I er, otherwise the 
system time reference base is arbitrary. The 
traffic flow parameters are saturation fl~ 
per lane, a parameter to calibrate the pla
toon dispersion model and the approach speed 
on external I inks. Al I parameters have 
def au Its ava i I ab I e. 

Controller Tl ■ lng Card <Type IX) 

This card provides the node number, coniroi
ler offset or yield point value, yield point 
·eference lnterva I number and al I interva I 
lengths. The value "X" indicates the number 
of phases at the node, with a rraxi mum of 
seven. Up to 25 interva Is may be used, but 
If there are more than 11 interva Is, a con
t inuatlon card (Type 18) must be used for the 
additional intervals. Interval lengths may 
be input In seconds or percent, as set on 
Card Type 1. If the data are to be optimized 
and no analysis of Initial settings is 
desired, only the fixed interval lengths 
(e.g., c I ear ances, m In I mum wa I k, etc.) need 
be coded. 

A double cycle flag is set if the signal is 
to operate on one-half the system cycle 
length. in this case only three phases are 
perm I tted. 

A Card Type lX must be provided for each node 
and Card Types 2X through 29 must fol I~ 
immediately for each Intersection (see Figure 
84). 

Phase Tt ■lng Card (Type 2X) 

The phase timing cards establish the specific 
phase sequence and identifies the interva Is 
In each phase. In this case the "X" refers 
to the phase number and there must be as neny 
Card Types 2X as the number of phases speci
fied on the preceedlng Card Type IX. 

For each phase ( I.e., each Card Type 2X for 
the current node) the interva I starting the 
green, the variable interval (i.e., the only 
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interval that may be changed in the optimiza
tion), the yellow interval and the red inter
val ( it used) are identified by numbers. 
These data define the phases and phase 
splits. 

The phase sequence is specified by listing 
each link having the right-of-way in each 
phase. Overlap phasing Is indicated by I !st
ing the appropriate I lnks(s) in more than one 
phase. It a I ink has 100% green, it is 
I Inked on al I Card Types 2X. If in the 
uni ikely event that more than eight I Inks 
move in a phase, a continuation card is 
available. 

Link Data Cards (Types 28, 29) 

For each I ink I isted on the Card Types 2X tor 
the current node, a I ink data card (Type 28) 
and, it needed a continuation (Type 29) are 
required. The link specific data include 
I ink I ength, stop I ine saturation t low rate 
(or equiva I ent number of lanes), tota I t low 
(vph), mid-block source flow and the upstream 
Input I ink data. For these upstream source 
I inks, the I ink numbers, input t lows and free 
speed (or travel time) are coded. Card Type 
28 al lows tor three input I inks. If a fourth 
I ink is required Card Type 29 is used. 

The coding of traffic volumes between nodes 
(intersections) is straightforward when only 
one link is used to represent traffic. The 
traffic entering the I ink from each upstream 
I ink is directly obtained from intersection 
turning movements. However, when two or more 
links are used (i.e., one link tor left turns 
from exclusive lane and one I ink tor thru and 
right turns) the determination of the input 
volumes are more involved. It is now 
necessary to code the number of veh i c I es from 
each turning movement at the upstream 
Intersection which uses each of these I inks. 
Since this data is difficult to obtain in the 
field it is necessary to estimate the 
proportion of traffic going to each link from 
the turning movement. The User's Manual 
(Ref. 9.4) describes a method of estimating 
these volumes. However, some additional time 
and effort is required to estimate these 
volumes. 
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Card Type 29 a I so serves a second purpose. 
It enables the user to code additional delay 
at the start of effective green (or, it nega
tive, to reduce the amount of start-up lost 
time coded in Card Type 1) and additional 
extension of effective green. 

The input flows need not sum to the total 
(output) flat1, thus data may be collected on 
d itterent days and not require manual balanc
ing. 

It a I ink is a bus I ink, the speed input is 
coded in such a way that both bus cruise 
speed and bus stop dwel I time are included. 
Thus tha non-signal delay to buses may be 
model ed. 

Flow/Speed Scaling (Type 36, Optional) 

These cards allat1 flat1s and/or speeds on a 
I ink to be altered by specified multiplying 
factors. Their primary use is in sensitivity 
analysis, that is, initial data cards (Type 
28) need not be changed. 

Delay Waight Modifier Card (Type 37, 
Opt Iona I) 

This card enables the user to prioritize in
dividual links by assigning a higher relative 
weight to the delay on these selected I inks. 
Conversely, the weighting factor may be used 
to decrease or el i mi nate given I inks from 
consideration in the optimization. If a zero 
weight is coded, the affected link wll I also 
be eliminated from the fuel consumption esti
mate. 

Stop Penalty Modifier Card CType 38, 
Optional) 

This card is similar to the previous one, 
except that It is tor stops. 

Platoon Dispersion Modifier Card (Type 39, 
Optional) 

The roadway characteristics may suggest a 
different platoon dispersion factor (see 
below) be used than the system va I ue (coded 
In Card Type 10, or the program default). If 



so, the factor may be changed using this card 
to 11 st al I such I inks and new va I ues of the 
dispersion coefficient. 

Flow Profit~ Plot Card (Type 40, Optional) 

This control card is used to specify the or
der of I inks for plotting composite arrival/ 
departure profiles plotted. Four graphs are 
p I otted per page and they may be arranged to 
fol low progression down or up the pages. 

Run Card (Types 50-53) 

This card is used to conveniently make simu
lation or optimization runs. Card Type 50 
requires the user to specify an optimization 
step sl ze Ii sted on Card Type 4 (or si mu-
1 ate). Card Type 51 Indicates simulation 
only. Card Types 52 and 53 Indicate optimi
zation with a normal hill-climb list and a 
"quick" list, respectively (see below). 

Tin-Space Parmneter Card <Type 60, Optional) 

This card indicates the number of nodes to be 
included in the current time-space diagram. 
Other inputs are various units and sea I ing 
parameters tor the plot. A Card Type 60 must 
be first in each group of Card Types 60-61 
for each separate plot. 

Tl111&-Space Dlagru Title Card (Optional) 

This card is slmi lar to the run title ca"""d, 
except this card provides the title for the 
current p I ot. 

TI--Space Link List Card (Type 61, 
Optional> 

For each time-space diagram, the 11 st of 
I inks for both directions must be provided in 
pairs. Th Is Is necessary sl nee the user may 
select routes in any convenient fashion. 
One-way streets may be plotted by leaving the 
second field In each pair blank. 

Ter■lnatlon Card (Type 90,91) 

This card signals the end of the data for the 
current run. If "90 11 is used, the job terml-
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nates. If the card is numbered "91, 11 another 
complete data deck wll I be processed. 

OPERATIONAL SUMMARY 

TRANSYT-7F is a rrecroscoplc, deterministic 
optimization model with independent time 
scan. It has a moderately structured organ 1-
zation with a nester program which cal Is 
other subroutines as the anal ys Is progress
es. 

Input cards are read and checked for apparent 
acOJracy and if errors are detected the er
roneous card is printed out with the detected 
error under I lned, and a message Is printed. 
TRANSYT-7F may calculate initial splits If 
these were not supp I led by the user. Thus 
after satisfactorily reading the Input data 
and, if necessary, computing the Initial 
splits, the program execution begins. The 
execution of 1RANSYT-7F is controlled by the 
opt I ml zat ion mode I • 

HI I I-cl lmblng is accompl I shed by varying off
sets and sp 11 ts in sma I I, med I um or I a-ge 
steps and calculating the resulting traffic 
effects. To accomplish the latter, it is 
necessary to determine tile behavior of traf
f lc within a link. These are based on the 
manipulation of the fol lcwlng: 

a. The II IN" pattern is the per lod i c f I cw 
rate of traffl c that arr Ives at the 
stop I lne (downstream) If the traffic 
was not empeded by the sl gnal. 

b. The "OUT" pattern I s the per lod I c 
traffic flew rate leaving a I Ink. 

c. The 11 G0" pattern Is the period le trat
f le flow rate that leaves the stop I lne 
if there was enough traffic to satu
rate the green. 

The word "pattern" refers to the fact that 
TRANSYT-7F does not deal with Individual 
vehicles, but rather platoons In histogram 
form (see Figure 85). 
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Figure 85. 1RANSYT-7F Traffic Flow 
Histogram 

The inflows of one link are obtained from the 
outflows of the upstream link(s). These flow 
characteristics are computed tor each link 
tor each iteration and the delays are calcu
lated, as discussed in the next section. 

With this background, the tul I process may 
now be described. The first step is to 
calculate the performance index (Pl) tor the 
initial timings. Then the offset of one 
signal is altered by the number of time units 
(steps) Input on Card 4 and recalculate the 
Pl. If the Pl is reduced, the offset Is 
changed successively in the same direction 
unti I a minimum Pl is reached. It the first 
alteration increased the Pl, the search was 
made in the opposite "direction" 

Each signal is adjusted in a siml lar manner 
in the order specified on Card Type 2 unti I 
the network m In I mum PI Is reached. Th Is 
process is repeated tor each hf I I-climb value 
on Card Type 4 (or in the default list). 
This is offset optimization. 

TRANSYT-7F also optimizes splits. It does 
this by altering the start of each phase and 
recalculating the Pl as before. 

It is obvious that the length of a run wi 11 
be largely dependent on how many iterations 
of the model are required. Another factor Is 
that It the number of steps used to alter the 
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particular timing is too small, the solution 
may be "trapped" into a local optimum which 
is not global. To compensate tor these con
cerns the recommended step sizes to loca-re "a 
good" optimum are given in Table 22, along 
with the type of optimizations which wll I 
occur at each step. These are generated 
internally by 1RANSYT-7F, but other lists may 
be input on Card Type 4. 

If a "quick optimization" is desired, the 
user may spec I fy a hi I I-climb sequence which 
may not result in the "best" Pl, but w i 11 be 
reasonably good. Such a sequence is 15, 40, 
15, 1, -1, 1. Another option al lots optimi
zation to include only those I inks directly 
connected to the present I ink, rather than 
the entire network. Th Is is done by adding 
100 to the values above (e.g. 115, 140, 115, 
101, -101, 101). This reduces run time con
siderably but the resulting Pl may be a few 
percent worse than the norma I method. 

Table 22 - Optimization Sequence 

TO OPTIMIZE FOR TOTAL 
OFFSETS ONLY OPTIMIZATION 

% % 
STAGE CYCLE OPTIMIZATION CYCLE OPTIMIZATION 

15 Off sets 

2 40 Off sets* 

3 15 Offsets 

4 40 Off sets* 

5 15 Offsets 

6 Offsets 
Ct ine tune) 

7 Offsets 
Cf ine tune) 

8 

15 Offsets 

40 Off sets* 

-1 Spl I ts 

15 

40 

-1 

Offsets 

Offsets* 

Offsets 
(tine tune) 

Sp 11 ts 
(tine tune) 

Offsets 
(tine tune) 

*Starred steps Insure that the opt !mi zation 

Is not trapped In a local optimum. (Source 
9.2.) 



CCWUTATIONAL ALGCRITHMS 

The major a Igor ithms in TRANSYT-7F are the 
objective function and the calculations of 
traffic characteristics. The objective 
function is called the "performance index", 
or "Pi", and it is defined as fol lows: 

Minimize Pl (9.1) 

where di = 

s, = 

k = 

w = 

delay on the 1th 
network (veh-hr/hr), 
average number of stops 
ond on I Ink I , 
the weighting factor 

I ink 

per 

for 

of 

sec-

stops 
entered on Card Type 1, and 
weighting factors for delay (D) 
and stops (S) tor I ink I. 

This objective function is minimized by an 
Iterative search procedure where the signal 
timings are changed and the resulting flow 
and travel characteristics are recalculated. 

The I ink patterns discussed in a previous 
sec'tion are found as fol lows, tor the 1th 
I ink at time step t: 

where = the smoothing process 
I ink j to I (see below); 

= the proportion of 
which feeds link I, and 
= the OUT pattern of 
h at time t. 

(9.2) 

from 

OUTj 

I ink 

The number of vehicles <mt> held at the 
stopline during time interval tis found by: 

(9.3) 

where Gt= the number of vehicles arriving 
in Interval t, given by the IN 
pattern, and 

St = the number of veh I c I es a I I owed 
to leave in interval t, given by 
the out pattern. 
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The number of vehicles leaving in interval t 

Is mt-J + Gt - mt and these f I gures 
are use to derive the OUT pattern. 

The average delay Is calculated in two parts 
which are added together. The first Is the 
average queue length over the cycle ( times 
the eye I e I ength) and the second Is the delay 
due to random variations of arrivals and 
saturation. The second component for each 
I ink is found by, 

1/2 B 2 x2 B (9.4) 

l~J +-J n 
drs 8ci Bd 

where drs = random and saturation delay; 

Bn = 2(1-X) = 2X; 

Bd = 42 - 22; 

2 = (2x/v * 60/T; 

X = degree of saturation; 

V = volume on the I ink; and 

T = simulation time. 

S Ince TRANSYT-7F asSllll8S that 1rafti c dis
perses as it travels downstream, the smooth
ing function (F) used In equation (9.2) is 
used to more real I stical ly represent this 
dispersion of vehicles. F is calculated by, 

F = r + a B ti (9.5) 

where a= smoothing parameter (usually 
assllll8d to be 0.35 but it may be 
varied), and 

t3 = a coefficient which "shifts" the 
effective travel time (set to 0.8), 
and 

t = I ink travel time. 

The number of stops Is s I mp I y eq ua I to the 
number of vehicles delayed. Since some de-
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INPUT DATA REPORT FOR RUN 

ASHLEY DRIVE ARTERIAL ANALYSIS - 1RANSTT-7F- OPT 112 SEC CYCLE Pl"I PEAK 

CONTROL FLAGS 

CARD 
HO. 

CARD CYCLE STEPS STOP PERIOD GREEN INITIAL SPEED/ OUTPUT ENGLISH✓ SEC/ 
TYPE LENGTH PER eve. PENAL TY LENGTH EXTEN TIMINGS T-TIME LEVEL METRIC PERCENT 

112 56 25 60 

♦♦♦ 102 ♦++ WARNING + INITIAL TU'IIHGS HAVE IEEN REQUESTED IN FIELD a. 

CARD CARD 
HO. TYPE 

2 2 

CARO CARD ft.ASTER 
HO. TYPE NODE 

" 

TRAHSYT-7F Will IGNOR ANY OFFSET AND YARIABlE INTERVAL VALUES 
CODED ON CARD TYPES IX AND 18. 
AN OPTIMIZATION RUN IS EXPECTED. 

LIST OF NODES TO BE OPTIMIZED 

SYSTEt'I MASTER DATA 
SYSTEM SYSTEl'I EXTERNAL FUEL 
SATFLOW PDF SPEED FACTOR 

--- PROGRAl'I NOTE --- INPUT UNITS WERE SPECIFIED AS FOLLOWS: 

INTERSECTION 

SPEED.ITRAVEL TJME IN SPEED 
EHGLISHl'METRIC UNITS IN ENGLISH 
Til'IING UNITS IN SECONDS 

CONTROLLER TIMING DATA 

FLOW 
SCALE 

CARD 
HO. 

CARD 
TYPE 

NODE 
HO. OFFSET 

OFFSET 
REF INT ~=;~RVAlI:~:ATio~:TisEcsiN1: PERf:;~ 1 

• • iHT6 · · · · iNT7 · · · · iNT8 · · · · iHT9 ····INT ii,··· iHT 1 i og~~t~ 

: ' 12 

TIMING DATA 
VARUB. YELLOW ALL-RED CARD 

HO. 
CARD 
TYPE 

NODE 
HO. 

START 
INT INT I Hf INT 

PHASE 
PUNil'I. 
SECS. LINKS MOVING IH THIS PHASE ••.•.....•.•..•..••..•.•.•.... 

21 
22 

15 
20 

101 
104 

LINK DA TA 

103 
103 

CARD 
HO. 

CARD 
TYPE 

LINK LINK SAT. TOTAL f1IO·BLK. FIRST INPUT LINK.... SECOND INPUT LINK.... THIRD INPUT LINK .•.. 
NO. LENGTH FLOW VOL. VOL. HO. YOL. SPD✓TT HO. VOL. SPD✓ lT HO. VOL. SPD✓ TT 

•• 21 
21 

10 I ... 
103 

0 
313 
313 

3270 
16ftQ 
3270 

572 
436 
414 

0 
zoa 
2 II 

0 
21 

12 I 

0 
25 
ZS 

0 
203 
203 

0 
305 
339 

0 
25 
25 

w --- PROGRAM NOTE --- TRANSYT-7F NOW BEGINS FINAL PROCESSING AFTER All IHTERSECTIOMS HAVE BEEN INPUT. 

GRAPH PLOT CARDS 
CARD CARD LINK LINK LINK LINK LINK LINK LINK LIHK 

NO. TYPE HO. HO. HO. HO. HO NO. NO. NO. 

74 .. 101 ... 201 20> 30 I 303 401 403 
7> .. 50 I S03 60 I 603 70 I 703 SOI 103 

CARD CUD RUH CARD 
HO. TYPE 

76 52 

0 
211 
200 

--- PROGRAN NOTE --- A CARD TYPE S2 CAUSES RUN TO BE OPTil'IIZED USING THE DEFAULT NORMAL OPTIMIZATION STEP SIZES. 
IF CARD TYPE 4 WAS INPUT, IT IS IGNORED. 

--- PROGRAPI NOTE --- THERE ARE A TOTAL OF I NODES AND 42 LINKS (INCLUDING BOTTLENECKS, IF ANY) IN THIS RUN. 

---- PROGltAN NOTE --- THERE WERE A TOTAL OF 1 WARNING NESSAGES ISSUED IN THE AIOYE REPORT. 

ASHLEY DRIYE ARTERIAL ANALYSIS - TRANSYT-7F- OPT t 12 SEC CYCLE PN PEAK 

--- PROORAN NOTE --- THIS 1$ THE INPUT DATA REPORT FOR TU•E-SPACE DUGRA1'1 NO. 

CARO 
HO. 

77 

CARD 

CARD 
TYPE 

'° 

NO. TITLE 

HO. TINE TINE OUT. 
HODES FLAG SCALE SCALE 

., 

71 ASHLEY DRIVE - DPTJNUPI CYCLE 

LINK PAIRS ALTERNATING IY DIRECTION 

TIME-SPACE DUGRAl"I DATA 

PLOT TITLE CARD 

PLOT LINK STREAl'1 CARD 
CARD 

NO. 
CARD 
TYPE DOWN AND UP DOWN AND UP DOWN ANO UP DOWN ANO UP 

1' ., tOt 104 211 203 101 301 '°' .Ol 

SOI Ul 

TERJ'IIHATION CARO 
CARO CARD 

NO. TYPE 

It to 

--- rROGRA" NOTE --- END OF JOI! 

I 12 SECOND CYCLE 56 STEPS 

DOWN AND UP DOWN AND UP 

50 I S03 601 603 

Figure 86. Typical TRANSYT-7F Input Data Report 
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0 
II 0 
24 

0 
25 
25 

DOWN ANO UP 

701 703 

CONT. 
FLAG 



downs and not tu 11 
of stops may be 

lays may only be slow 
stops, the calculation 
adjusted by entering 
parameters on Card Type 5. 
va I ues found to be va Ii d 
fol lows: 

Seconds of 

the appropriate 
The recommended 

in England are as 

Delay: 1 2 3 4 5 6 7 8 9 10 >10 

% of 
Stops: 20 50 65 76 83 88 93 95 97 99 100 

OUTPUT REP~TS 

There are five basic outputs available from a 
successful TRANSYT-7F run (I.e., no errors 
detected). 

TRANSYT-7F 

Input Data Report 

The input data are echoed in essentially "the 

same format they were input, with col urm 
headings to identify each data item. An 
example is shown in Figure 86. 

Traffic Perfor•nce Tables 

Traffic performance estlrmtes are produced 
for each set of timings, normally initial 
and/or final. An example of the final per
formance table ls shown in Figure 87. The 
initial has the identical format, but ls 
labeled "initial". 

Below the title, the link data are given, 
along with several measures of effectiveness 
(M.lE) and green periods (in seconds). The 
I ink t-OE's are subtotaled by node to enable 
rapid identification of critical lntersec-

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- OPT 112 SEC CYCLE Pl'I_ PEAK I 12 SECOHO CYCLE 56 STEPS 

FINAL SETTINGS OBTAINED WITH STEP SIZES 1 I 22 -1 I 22 I -1 

NODE LINK FLOW SAT DEGREE TOTAL TOTAL UHIFORII RANDOi'! TOTAL UNIFORl'I IIAX BACK FUEL GREEN PERIOD LINK 
HO HO FLOW OF SAT TRAVEL TIIIE DELAY DELAY DELAY STOPS OF QUEUE CONSUi'! START LENGTH NO 

CYEH✓H) <YEH✓Hl CX) CYEH-lll✓Hl (YEH-H✓Hl CYEH-H✓Hl CYEH-H✓Hl CYEH-H✓ Hl <VEH✓H;X) <YEH> (GAL✓ H) (SEC> <SEC> 

101 572 3270 36 0 .o 2.746 2 .697 0.049 2.746 327. 5( 57X> 10 3. 73 102 54 IO I 
103 4H 3270 15 21.57 1. 121 0. 0 0. 0 0. 0 0. 0( O¾l 0 1. 39 0 112 I 03 
104 436 1640 51 25.74 2. 523 1.309 0 .204 1.513 234. 9( 54Xl I 3.23 41 50 104 

1• 1492 IIAX = 51 54. 3 I 6. 391 4. 006 0 .253 4.259 562 .4( 33>) 10('1) 1. 35 NODE Pl 8 .2 

2 201 496 4160 24 26.81 3.567 2.495 0. 020 2 .514 399 .3( aco 13 4 .63 26 46 20 I 
2 203 644 3270 47 34.at 4.329 2.159 0. 104 2. 963 318. 5( 49¾) 10 4. 79 26 46 203 
2 206 516 2950 as o. 0 7. 190 6.001 t. 181 7. 190 476. 7( 92¾) 15 6 .89 0 22 206 
2 207 584 3270 61 0. 0 5.600 5. 367 0 .233 5 .600 478.4( 82¾) 15 6. ,a 76 32 207 
2 211 45 1440 11 0. 0 0. 355 0. 352 0. 003 0. 355 31.4( 7Ul 1 0. 40 76 32 2aa 
2 210 423 1440 45 22.17 I. 777 0. 787 0. 092 0.879 107. 7( 25¾) 3 2. 10 0 72 2 10 
2 211 231 1640 27 0. 0 0. 927 0. 903 0. 024 0. 927 118 .6( 51¾) 4 I .32 76 58 2 II 
2 212 276 140 65 0. 0 2.877 2.577 0. 300 2.877 229. 7( 83Xl 7 3. 05 76 32 212 

2, 3215 IIAX = 85 84.49 26. 622 2 I. 348 I. 957 23. 305 2160.3( 67%) 15(11) 29. 36 NODE Pl 38. 3 

3 301 1428 4160 45 78. 97 4. 956 2.11 t 0. 092 2.203 38 t. 3( 27Xl 14 7.25 2 72 30 1 
3 303 582 3270 24 35,44 1.569 0. 159 0.019 0. 178 29. 7( 5%) 1 1. 97 104 82 303 
3 304 93 2590 57 5.66 2. 053 1.639 0. 191 1.831 92. 7( IOOX) 3 I. 62 104 6 3H 
3 305 165 3270 25 0. 0 1.692 1.672 0. 020 1.692 132.9( 81¾) 4 I. 78 78 22 305 
3 30& 211 1640 63 0. 0 2.588 2 .327 0 .260 2. 588 184.6( 17%) 6 2. 58 78 22 306 
3 310 383 1640 32 23. 32 I. 057 0. 105 0. 036 0. 142 19. 7( 5%) I 1. 3 t 104 82 3 10 

3• 2162 IIAX : 63 143.40 13. 9<4 a.014 0 .619 a.633 80 .a< 29¾) 14('1) 16. 50 NODE Pl 14 .5 

7 711 1382 3270 67 91.03 5. 992 2.016 0 .333 2 .419 320 .8( 23%) 12 7. 29 10 70 70 I 
7 702 230 1640 22 15. 15 o.8u 0 .273 0.016 o .2114 39. I( t7Xl I 1.08 10 70 702 
7 703 931 5100 29 50. 91 2. 259 0 .232 0. 029 0 .261 35. 3( 4¾) I 2. 79 10 70 703 
7 705 407 4430 29 0 •• 3. 243 3.213 0. 031 3.243 291.4( 72%) 9 3.69 14 34 705 
7 706 229 1640 45 0. 0 I. 997 I. 907 0. 090 I. 9'7 174 .2( 76¾) 6 2 .23 84 34 706 
7 709 226 16'0 22 14.89 0. 757 0. 157 0. 0 15 0. 172 16. 7( 7¾) I 0 .89 10 70 709 

7• 3405 IIAX = 67 171. 97 15. 131 7.868 0. 513 8.381 877.5( 26%) 12('1) 17.97 NODE Pl 14. 5 

8 801 1578 3270 67 85.31 5.038 I. 356 0-334 1.690 225. 0( 14X) 7 6. 15 4 80 801 • 802 263 ,,,.. 72 tlt .22 3. 312 2. 303 0 .451 2. 754 23 I .8( 18¾) 7 3.2 t 60 24 802 
8 803 1029 5100 43 0. 0 5. 461 5. 382 0. 079 5.461 637.1( 62•> 21 7. 32 4 52 803 
8 807 295 1800 73 0. 0 3. 737 3.238 0. 499 3. 737 262. 7( 89¾) 8 3.69 18 24 807 
a ao8 36 1640 10 0. 0 0. 341 0.331 0. 003 0. 34 I 27, I( 75•> I 0. 36 88 24 808 
8 812 259 1640 71 0. 0 3. 243 2.821 0 .422 3.24] 221 .8< 88X> 7 3.20 88 24 812 

•• 3460 IIAX = 73 99.52 21. 132 15 .431 1.788 17 .226 1611.4( 47Xl 2 l(f'I) 23. 94 NODE Pl 28.4 

TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL 
DISTANCE TRAVEL UNIFORM RANDOPI DELAY UNIFORJ'I FUEL PERFORMANCE SPEED 
TRAVELED TIPIE DELAY DELAY STOPS CONSUPI INDEX 

(YEH-111/Nl (YEH-H✓Hl <YEH-H✓Hl (YEH-H✓Hl (YEH-H✓Hl <YEH/HJ (GAL/HI (111/Hl 

970. 97 115.506 7 t. 525 6. 216 77.741 7681.8 133 .a1 131.09 8 .41 

Fl gure 87. Typical TRANSYT-7F Traff I c Performance Table 
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tions. Starred (*) I Inks are bus I Inks. The 
"system" MOE' s are shown at the bottom of the 
table. 

Flow Profile Plots (Optlonal) 

Figure 88 shows a typical flow pattern plot 
tor a I Ink that enters an Intersection which 
is double cycled (I.e., the controller com
pletes two identical cycles In the time 
alloted tor one system cycle). The flow 
patterns use symbols to enab I e the user to 
"see" what Is happen Ing Oller the sl gnal 
cycle. The fol lowing symbols are used: 

a. Flow that queues at the stop I lne, 
norma I ly on red ( I). 

b. Flow I eavi ng the stop I lne on green 
which clears the queue(s). 

c. Arrivals on green that may or not be 
delayed, as explained below (o) • 

The symbol (S) represents queue discharge and 
Is generally at the saturation flow rate. 
The symbol (0) represents arr Iva Is and when 
below the CS), Indicates those vehicles which 

join the back of the queue when the "0 1 s" 
appear without the "S's" above them, these 
are unde I ay ed arr Iva I s/d epar tures. 

The flows are c,,,erlayed so the distortion 
caused by red/green per lods are easl I y ob
served. The horizontal scale Is always con
stant and equal to the cycle length In steps. 
The vertical scale Is always flow rate, but 
the scale depends on the maximum flow. The 
saturation t low always extends to the top of 
the respective plot {I.e., 24 lines). 

These plots are Intended to be used to ver lty 
t lei d cond It Ions by merely observing whether 
the Intersection approaches actua I ly perform 
as predicted. 

The Mean Modules of Error (MME) printed with 
the graph is a measure of how much the pro
t 11 e of the arrival flow deviates from the 
mean va I ue. It Is an Index from O to 1. If 
the int low as exactly uniform the MME wou Id 
equal zero, while a high MME would indicate a 
link on which the flow Is strongly platooned 
and would particularly benefit from progres
sion. The tJME (In Figure 89/0.62) Indicates 
a moderately high potential tor progression. 

103 MAX PLOW 3400 veHl'H 

ssss~ 
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ssss 
ssss 
ssss 
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ssss 
ssss 
ssss 
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sssss 
sssss 
sssss 

lIII SSSSS 

sssss 
sssss 
ss.sss . 
SSiSS Arrivals and 

Arrivals iitii '~epartures on 
on Red ~ ssssss reen 

sssssooo 00 
sssoocoooooo 
ssocooooooooo 
sooooccooooooco 

Arrivals and 
Departures on 
Green 

t 0000ocoooocoooo1 
11 100000000000000011 
1111110000000000000001111 
llIIII00000000000COOOllilI sssss ( sssss 

1 I 1111 t t lOSSSS 
III11111ICCOOC0000 
111111111000000000000000 
llll11lll0000000CCOOOOOOI1II 

IIllIIlOOOOOOOOOOOOOOOtlllll 
It11IIIOOOOOCOOOOOOOOOII11I1 
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Red il-'.,m 0,...,--1,r E 

Red Second Green a Red 

Figure 88. Explanation of 1RANSYT-7F Flow Prof I le Plots 
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Values approaching 1.0 Indicate the link can 
definitely benefit from progression. 

Signal Timing Tables 

TRANSYT-7F produces a unique output of signal 
settings, as shown Figure 89. For pretimed 
controllers, these timings may be read I ly i~ 
plemented in the field with no further manual 
manipulation, so long as the offsets do not 

TRANSYT-7F 

fa 11 within a clearance (or on another pin in 
the case of el ectro-mechan ica I control I ers). 
Warnings are issued in the event of either of 
these cont I lets. 

TI--Space DlagrllllS 

TRANSYT-7F wi 11 pr int a time-space diagram 
for any selected route of up to 50 nodes. 
The roui'e need not be I I near, and many plots 

ASHLEY DRIVE ARTERIAL ANALYSIS - TRAHSYT-7F- OPT 112 SEC CYCLE PM PEAK 112 SECOND CYCLE 56 STEPS 

TRAHSYT-7F SIGNAL CONTROLLER SETTINGS 

NETWORK-WIDE SIGNAL TIMING DATA 

SYSTEM CYCLE LENGTH= 112 SECONDS 

MASTER OFFSET REFERENCE LOCATION= INTERSECTION HO. 

ALL OFFSETS ARE REFERENCED TO THE START OF INTERVAL HO. 1 AT THIS SIGNAL. 

INTERSECTION CONTROLLER SETTINGS 

-------------------------INTERSECTION HUMBER 
-------------------------
INTERVAL HUMBER= 2 3 4 5 6 

LENGTH CSEC): 48 6 4 42 8 4 

LENGTH (¾): 43 5 4 37 7 4 

PIH SETTINGS (¾): 100/0 43 48 52 89 96 

PHASE START CPH I): 2 

VARIABLE IHT.CPH I): 2 

OFFSET = 0 SEC. 0 ¾. 

THIS IS THE MASTER CONTROLLER. 

+++ 137 +++WARNING+ THE OFFSET FALLS WITHIN 1¾ OF AH INTERVAL CHANGE POINT AT THE START OF INTERVAL NO. 

Figure 89. 1RANSYT-7F Signal Timing Table 
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may be printed. The symbols of the diagram 
shown on Figure 90 are as fol lows: 

a. 11+11 green in the direction of Increas
ing distance from the origin (down the 
page). 

b. "-" green in the direction of decreas
ing distance (up the page). 

c. "b I ank" green on the route in both 
d lrectlons. 

d. 11*11 red on the route. 

Although through bands are not explicitly 
plotted, the seal Ing al lows convenient use of 
such tools as triangles and protractors to 
p I ot the bands. A speed protractor is ava i 1-
ab I e in the TRANSYT-7F User's Manual (Refer
ence 9.4). 

ADDITIONAL FEATURES 

TRANSYT-7F has a number of opt Ions, most of 
which are handled by control cards as dis
cussed in an earlier section. It has already 
been noted that buses can be modeled separ
ate I y by including bus links. These can 
either be separate lanes or shared lanes. In 
add It ion, pedestrians can be mod el ed by 
treating them as "vehicles" on separate 
I inks. Care must be taken to insure that 
pedestr I ans do not interchange with vehicles 
In the flow patterns. Pedestrian links 
should have zero stop penalty and delay 
weights it it Is desired to exclude them from 
the Pl and fuel calculations. 

TRANSYT-7F can be used to design larger net
works by subdividing the networks into sec
tions that can be handled by the present 

T R A H S Y T - 7 F T I M E - S P A C E D I A G R A M R O U T I N E 

ASHLEY DRIVE ARTERIAL ANALYSIS - TRAHSYT-7F- OPT 112 SEC CYCLE PM PEAK 112 SECOND CYCLE 56 STEPS 

PLOT TITLE' ASHLEY DRIVE - OPTIMUM CYCLE 

TIME AXIS IS IH,SEC TIME SCALE= 3 SEC/CHAR, DIST. SCALE= 67 FT/LINE 

NODE 12345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890 DISTANCE 

0 FT 

116 1 FT 

M~OOOf 1398 FT 

~ooooof 1746 FT 

NODE 12345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890 DISTANCE 

SCALE CONVERSIONS, 
TIME/INCH ITIMSC • 10 (AT 10 CHAR/IHCHl 
DIST/INCH= IDISSC • 6 <AT 6 LINES/lHCHl 

+++ THRU IN DOWH DIRECTION 
THRU IH BOTH DIRECTIONS 
THRU IH UP DIRECTION 

••• RED IH BOTH DIRECTIONS 

Figure 90. 1RANSYT-7F Time-Space Diagram Plot 
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program {i.e., 50 nodes and 250 links). The 
boundary nodes are fixed from section to sec
tion so that their timings are not changed in 
the subsequent analysis. In this manner, 
sections can be "stacked" such that they wi 11 
always share one or more nodes whose timings 
will be optimized in one section then remain 
fixed in the subsequent section. 

Additionally, bottlenecks and unsignal ized 
I ntersectlons can be cons I dered. At 
intersections governed by a fixed priority 
rule (e.g. stop sign on cross-street) the 
main route traffic Incurs no delay. The 
Inf low from the sf de road Is given a "GO" 
pattern proportionate to its actual capacity 
which is a function of the ma in street 
traffic. 

While TRANSYT-7F is the most current version 
of lRANSYT readily available in the u.s., 
TRRI has also written version 8 which i11t
proves upon the current version (Reference 
7.5); however, this version is only available 
on a license basis (I.e., only "end" users 
may purchase the program). 

APPLICATIONS AND LIMITATIONS 

In addition to designing the optimal signal I
zatlon of coord lnated networks, lRANSYT-7F 
can analyze existing (or any preset) condi
tions by simply inputting Card Type 51 (Run 
Card). 

TRANSYT-7F does not exp I icitly optimize the 
cycle length or phase sequences; however, 
these can be "optimized" by multiple runs 
with varying values of the cycle length input 
In Card Type 1 or phase sequences on Card 
Types 2X. A manual approach similar to the 
hi 11 climb technique explained earl fer should 
be used (probably with the "quick optiml za
tion" procedure used in the in ltial tr lals 
and the norma I opt I mi zat Ion used tor "f I ne 
tun Ing"). 

The shortcomings I I sted in the above para
graphs are clearly I imitations present in 
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this version; however, lRANSYT-7F Is suf f i -
ciently realistic to design many network con
f iguratlons, and can be extremely useful to 
the local traffic agency. 

Other I imitlng assumptions are I isted below: 

a. Al I major Intersections in the network 
have traffic signals, although sign
control led intersections and other 
mid-block bottlenecks can be modeled. 

b. Traff I c enter Ing the network from the 
outside does so at a constant uniform 
rate on each approach. Th Is Is not 
unrealistic over a long period such as 
an hour. 

c. The volumes and proportions of turns 
remain constant at each approach tor 
the entire period of analysis. 

d. Traff I c dispersion is assumed to be 
un I form tor the period of ana I ys Is. 

The last three are probab I y the most ser lous 
of limitations; although the platoon disper
sion model is tar more realistic than a si11t
pler assumption of uniform platoons. 

EXNf>LE APPLICATION 

In order to I I lustrate the use of lRANSYT-7F 
the arterial problem previously utilized tor 
PASSER 80 was selected. The following de
scribes this example application of TRANSYT-
7F. 

Probl• Description 

Ashley Drive has eight signals interconnected 
as part of a downtown sl gnal system. Pre
v ious analysis has ind lcated that the exl st
ing phasing is adequate. 1-bwever, the city 
does desire to determine if an improved oper
ation can occur by chang Ing the cycle 
I engths, sp Ii ts, and oft sets. lRANSYT-7F, 
wi 11 be uti I ized to develop and evaluate 
alternative signal timing. 
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Analysls of Existing Conditions 

The first step in the evaluation process is 
to use 1RANSYT-7F to represent existing con
d itlons. This condition is the basis for 
evaluating other alternatives. 

In order to code data for 1RANSYT-7F proper I y 
a I ink-node map with pertinent information is 
essentia I. Figure 91 I I I us tr ates one method 
of preparing such a map. This map shows I ink 
n1.111ber, lane usage, volumes, distance be"hoieen 
stop bars, and intersection numbers. The 
only additional information that would be 
required is existing signal timing. To code 
ex I sting cond It ions, information is requ Ired 
on offsets, phasing, and interval lengths for 
vehicle and pedestr Ian sl gnal di splays. 
Figure 92 illustrates the coded input data 
for existing conditions. A total of 82 cards 
were required to represent the eight nodes 
and 42 I inks. 

The input data were keypunched and submitted 
to i"he computer for execution. Figure 94 
I I lustrates part of the Input data report 
obtained from this run. 

Review of the traffic performance table on 
Figure 94 for each of the I inks, permits a 
ready identification of existing problems 
The 01 I inks for each node (signal) are the 
major northbound thru movements. Information 
on degree of saturation, stops and maximum 
back of queue can be quickly identified for 
these I inks as wel I as identification of 
other prob I ems. 

For Instance, tbe approach with the highest 
degree of saturation is link 206, the east
bound dual turn at node 2, Kennedy Blvd. For 
this I inks 91% of al I approaching traffic 
must stop. 

On the other hand, I ink 201 (the northbound 
thru approach) requires only 3% of the tr a f
f le to stop, indicating that the offset 
be"hoieen beginning of green at Jackson Street 
and beginning of green at Kennedy Street for 
this movement is virtually ideal. 
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At the bottom of Figure 95 are the measures 
of effectiveness tor the ne"hoiork as a whole. 
These are not as meaningful as the link 
statistics for evaluating a specific run. 
However, they can be extremely useful when 
compared to other al ternatlves as wi 11 be 
seen during the evaluation of alternatives. 

The determination of the number of veh le I es 
stopping on the approach can be more clea-ly 
seen on the t I ow prof i I e p I ots on FI gure 95. 
Link 101 (the upper left plot) is an entry 
I ink with uniform arrivals throughout the 
cycle. However, for link 201 (the middle 
left plot) we can see few a-rivals on red 
(the 111 symbols). Virtually al I movements 
(97%) are arrivals and departures on green 
(the 000 symbols). 

Figure 96 is an example of the signal timing 
output obta lned. Since this Is an existing 
conditions run, their settings should 
represent actua I tie Id settings. 

The last report obtained from the existing 
conditions run is the time space plot shown 
on Figure 97. This graphically displays the 
green time available in both directions. 
However, no statistics on bandwidth and 
progressive speed are available. The user 
must make the calculations for these 
parameters. For the existing cond I tions 
there is a bandwidth of appro< Ima tel y 26 
seconds at a speed of 34 miles per hour {four 
mph over the speed Ii mi t) or for the average 
travel speed of 25 mph the bandwidth would be 
20 seconds. There Is no bandwidth in the 
opposing {southbound) direction. 

Define and Analyze Alternatives 

The 1RANSYT-7F model can be uti I ized to 
develop optimal signal timing settings for 
given cycle lengths and phasing. In order to 
define these alternatives it is only ne::es
sary to change a few cards. 

Basically these changes include the control 
card (to specific cycle length, steps and 
automatic generation of Initial timings) and 
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Figure 91. 1RANSYT-7F Link Node Network-Ashley Drive 
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TRANSVT-7F CONTROL CARDS CITY __ -~I A=-'-M~t>-'-'A~-----

NETWORK -~~~~--.:c-'--'-~=-----

CONOITION 

cc 10 20 25 30 35 40 45 50 55 GO 80 

Field ~l ==1 ============4::::1::::5:::=l==G===' ==7 ====8==' ==9=~' ==10=='==11:::::'.1==12::::'.I=:::::::'.=::~===~====~ 
Aun Tille 

Control 
Card 

Node 
List 

Ca,ds 

~:!l~CJ:~~ f 4 
a 
~ 

Sensitivily 
Parameters 

Stops per Delay ~I ==5=~====~===:!:===~====~===:!:===~====~===~===~====~===~===~====~===~==:::; I ~ I 6 

Shared 
Stoplines 

.... 

I : I I I I I I I I I I I I I I I I 1 

TRANSYT · 7F INTERSECTION CARDS C !TY ___ LL-LA-,._/Vl"-C-'---Pc...A..=-------- PAGE -2::._ OF .:z.._ 
NETWORK A-lit~ V DR.I VE- DATE 1/(z/rl 
CONO JTl ON ~X I S Tl &,: I- CODED /¾<f 

351 401 451 sol ssl Gol 
7 I 8 I 9 I 10 I 11 I 12 I 13 

Interval Durations ( Intervals 1-11) 
Controller Tr~• Node 

No. 

:;; 

Card 1••#4>1 
Cont. Type Node 
Card 18 No. 

Phase Type Node 
Card 2X No. bs4>#I 

Cont. T~~ Node 
Card IY=4>#I No. 

Link Type Link 
Card 28 No. 

ConL Type link 
Card 29 No. 

Data /? I oo I 
:21 I I I 
;n ... I 4 4-
21? /<,/ 0 ,:no 
:Z8 Jo'? 3/ '3 "Iii 
2--8 /o"J 3/.3 3Z~ 

Interval Durations (Intervals 12-251 

17 18 19 20 21 22 
Links Moving During This Phase 

Additional Links Moving During This Phase 

23 24 25 

Cont. 
Flag 
(21 

Total 
Vol. 

:~~lkl-:c--ls,t _ln':--:pu--,t _Lirnk,--...,+-:-,-2n-,d_l...:np_u1_Lrin_k_+-_3r~d-ln_;.p_ut_Lrin_k---< ~~~ 
No. Vol. Speed No. Vol. Speed No. Vol. Speed 

4th Input Link 
Not used No. Vol. Speed Not Used 

,, C ~ R 8' "1-
.3 0 15" Jo I / o3 
r., 0 20 /Of /O'J 

;?2 0 

43(. 0 ?-ol 2/ ZS :Zo3 :,os-
1i'f- I) 2-1/ Jz./ 2:f" zo3 :1n 

Field LI _,:1__,'---'2:..._L! -=-3--1.1 _4__,'---'5::.......1.I -=6......1!__:1_.Jlt__:..B .....1.I -=.9-11~10::......L--1:..:1......l._:_:12.....J.~13:'....JL..:1.:.4 ......L....:.:15:.....1_.::16:'.....J 
Figure 92. 1RANSYT-7F Coded Input Data Forms for Ashley Drive 

Existing Conditions. 
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TRANSYT-7F CONTINUATION OF CARD(S) c;ITY Z:-A-.M ,t',4 PAGE ~OF .2_ 
NETWORK A~HL.&rt:_ OA/V-6-- DATE l'.c:::'./.7L'.q' 
CONDITION ~J(IST/~ CODED BY Al~ 

cc 1 s I 10J 151 201 25 I JO I 351 40 I 45 I 50 I 55 I 60 I 65 I 10 I 75 I 80 I 
Field / 1 I 2 I J I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 

Data 13 2 OD I 1 Jo 1- 5" /o 4 S' It) 

2.I 2. ( I 3 0 ;2. ( :z• I .2-_•3 2-/ 0 

Z-1... 2 ~ 'f C 0 ,,, 7-- J I UJ'f 207 2-IZ.. 
'2-3 z_. 7 7 ? () 1.1 2"' '2-// -, ,o 
?--'? 2..D I 2ft. no 1-'iC () Loi 'ff(. J.S-
']..'I 7--o'.!, 2ft. 32-tD {.ff " 303 ~i'Z- 2> 30,-- ,z. zr 2, ,__,o J,..16 J'l$'4 1-1-J 0 .310 3f3 2.Y- 3•-> ,fO 2-> 
2-JJ ,o,. ·o ~'I,• ~I'- " 
213 2-il • l''r" 7-3_/ () 

2K 2.• 7 (;, 3270 5"S'f- (; 

:;.5' 2.00° . J9-,-o -ts- (; 

2B 2./2 0 lffo 2,7{. (:) 

/3 3 o() I I /0 4 '7 /0 '/- ' '1 
2( ~ I I 3 0 Jr _30 I 303 3/0 
'2-Z. 3 ,f- 1 (. 0 2-3 30.1' 306 
;l3 3 7 7 f {) lo _.10?' 30"3 1/0 

2-i' Joi UI 'lf(O /fU 1,0 7d SI'- 2~ '2-DI 4-7(. 2-:r 
'2JJ' 30) ~7_-, h'10 .,gz. 0 4-o3 c;o) 2S 4M er. ):,-

27 Jof ~2,? 'l.5"10 '13 0 ,U,3 't3 is-
')jf_ 3/0 ~22-- 1'90 Jf'.3 6 '9-o3 130 21> ffaS n ~ 

I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 I Field ---------------- - --

TRANSYT-7F CONTINUATION OF CARD(SI c;ny L#M.;PA 
NETWORK ti £/-tL.e I:'.'. DRLt,,s; 
CONDITION t:;::~IJ1/~~ 

cc 1 s I 10 I 151 201 25 I JO I 351 40 I 45 I 50 I 55 I 60 I 
Field / 1 I 2 J I 4 I 5 I 6 7 I 8 I 9 I 10 I 11 I 12 

D11 I 2. f "PS" 0 ?2.10 1'> 0 

'l,B ,as- 0 J•'IO 7..// /J 

I? 1- 00 I I /0 ¥ 9 /0 ~ 
"2../ f- I I 3 (J IJ ~ol ~3 
22 4 1- 'f C, 0 2,3 9c8 f'/2-
2f? 4.ri I 2'fZ 1-r,o 1,1-0-· 0 JOI 12sf '2.S- JOG '2// '2>-
'2 i' .d.t>l 272- "1-ffO ,2, O 5!>3 !l_u 2->-
2~ 4nf'. -c, 2.s,o ,~3 (!) 

ZJ' 11'2. 0 ,,to toe 0 

1'2-- J t>O I I /0 <l 'I /0 ,:r 
'2-/ .>- I I 3 () /J ~J ~-_2__2. r 1- 1- (; 0 >-~ ,,o,; =· 
2-~ ,s-ol '2.'12.. 1-1,0 /,5'5'1 /') f,,/ IN>- Z-5" '//'2.- __, Z.5 
ze ~3 nil !4RID 'Ii. 0 .i;o3 iK '2,.~ .&oi' 40 '2.!,-

>-~ l«i IS- ?.7i> J",0 1✓:,· 0 h<'3 //Y 2-r 
/3 ' 00 I I /0 "f ? ,o '1- 6 9 
2.( {. I I _.} 0 IS- -IP/ ,02 /,,0<; ,;;0..3 
'.l 7 C 'T 4 G 0 2-3 IM' 6/7-
2--3 t 1 7 8 {) ,o (,0"1. (,o/ (,O!) 

z? 60/ 237 1,2,7() l4b1 () rol /~3 2-Y 

Field I 1 I 2 I J I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 I 

I 13 

~ 

zn.. 

13 I 

65 I 
13 

13 I 

14 I 15 

21t 2S-

14 I 15 I 

I 16 I 

16 I 

0 
)> ... 
)> ., 
m ... 
z 
~ 
m 

PAGE _j_oF _2._ 

14 

OATE ¼"v'.Jr 
CODED BY 

10 I 75 I 
14 I 15 I 

I 15 I 16 

!!rd. 
80 I 

16 I 

0 
)> ... 
► ., 
m ... 
z 
► ;;: 
m 

I 
Figure 92. 1RANSYT-7F Coded input Data Forms tor Ashley Drive 
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TRANSYT-7F 

TRANSYT-7F CONTINUATION OF CARD(SI ~ITV ::c~~~~ PAGE s- OF L 
NETWORK ch If Le V 08-1 v1=: DATE 1fe?e:::?c:. 
CONOITION l::X, !ST/ &::.C.. CODED BY /l:Vi 

cc sl 101 151 201 251 301 351 40 I 451 501 55 I so I 65 I 10 I 751 so I 
Field ! 1 ! 2 3 ! 4 ! 5 ! 6 7 ! 8 I 9 I 10 I 11 I 12 I 13 I 14 I 15 I 1s 1 

Data '28 C.o2 2.",7 /6f() /0 0 -rel /0 zr 
-i.B •b9 '.I.'}? Nf'O J.Z{, ,. ,;-()/ zu ... , 
2.8 ,o.., U-'!, fS~o /Pt>/ 0 7o) 'I 31 ,.._s- 1PJ 70 ZS-

2.t ,,,,t 0 /~?-0 4/> ,,, 
7.f; G!'L- t:J /~10 zof' (I 

/2. ? t>O / I 0 f 'f /0 4 
2/ 7 ( ( 3 0 /", ?o/ 7,-2 70;; 7o3 

~'2- 7, "7 4 C. () '2-3 70"] 1°' 
2- e 7o/ ~ft' 31,-70 1182 .. 0 /_,,J J/f8 '25' (./'Z.. /1/Y 1.5'" 

z_.J 7tJ2. 1fJ' /Ifft' '2-30 0 ,,.,,; '1A', Z-> .. n .. z.r n 
2.& 7o9 3f'? ll¢;} z,u I) /.09 

-,,,,.., z, 
'2-lf 7o3 ,.,9 .... ./40 '13/ I) J.?113 ffY5 .. z:, ~08 JC -,,;----

z.9 7t>5"" () f+JO 'M7 0 

'2-ff 701,, 0 J.fD µ'7' () 

/3 f? 0() I J /l) 1- II 1- 9 /0 ~ 
11 8 I I .3 /.) ,,.... ~I ~o'3 

2. 7..- !; 4 1 > () ,,- $tJ/ 80'2-

23 A /4 G B 0 2. 3 $,;7 Bt>S (P/'l..-

'2--B' 'tfo/ 'J.J'r l'J-11) /578 Cl -jo/ nlZ zr 7P? /ft: 2.J 
?,.,! xoi- 2-fJt N?tJ u:J 0 "7t)2 7,3f) '2-Y-- ?o~ 33 '2.J 

Data 28 803 0 Y/op ,,,..,,. 0 
'2-8 fft>7 Cl IRoO ~,,~ 0 

'J.8 'iJt18 t? L6'IO 3~ u 
2.i en- 0 16-,0 -;.y'? 0 

cc 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 BO 

11 12 13 14 15 16 Field j 1 2 I 3 j 4 I 5 I 6 I 7 I 8 j 9 I 10 
Card '------~-~-~-~~-~-~---~-~-~-~--~-~~ 
Types 

Profile 
Plots 

Run 
Card 

Plot 
Param. 

Plot 
Tille 

Txr 
Link Numbers "fo Be Ploued I Not Used 

T. Lit. IT. Rt. f B. Lit. I B. Rt./ T. Lit. IT. Rt. fB. Lit. I B. Rt. I 

Ti~• 
Nol Used 

X: 0 • As Indicated Above; 1 • Simulate Only; 2 • Optimize (long); 3=Optimize {short) 

Type 
60 

No. I Time I Time I Dist. , 
Nodes Units Scale Scale I I I I I I I I I i 

Any Alphanumeric Information 

Link 
Ll,t 

Typo 
61 

Links To a. Plotted In Pain (Each Pair Must End At The Same Node) I Not Used 

Term. 
card 

Data 

Field I 

Type Not Used 
9X X: 0 • End; 1 • Read A New Daia Deck 

-to /t>/ /t>f- 'lo/ 2t>3 31)/ 1o3 '(-,,/ ,u3 
4,-, -«ii =1 r.o I i;o'.3 70/ ?o3 iO/ 8tJ3 
.52. ,o I? 67 

ASIA-l 1::I f),O..), -s--- oP IM /VJ eve (;-

s-J JAi /OP. 20/ 2.41$ 70/ 3,,3 ~/ 4.t:>? Sdl yo3 ,4 ..CD.3 ?o/ 7a3 ~, w,/ f1o3 
'/0 

1 I 2 I 3 I 4 I 5 I G I 7 I B I 9 I -TO I 11 I 12 I 13 I 14 I 15 I 
Figure 92. 1RANSYT-7F Coded Input Data Forms tor Ashley Drive 

Existing Conditions (Continued). 

176 

16 I 

a 

~ 
Ill 
m ... 
z 
~ 
m 

0 
l> ... 
l> 

"' m ... 
z 
l> .: 
m 



TRANSYT-7F 

S Y S T E M 0 P T I M I Z A T I O N P R O G R A M 

REL EASE 1 

T R A N S Y T - 7 F -- T R A F F I C S I G N A l 

AUG, 1981 

SPONSORED BY: 

VERSION 7.0 

DEVELOPED BY• 
FEDERAL HIGHWAY ADMINISTRATION 
OFFICE OF TRAFFIC OPERATIONS 

TRANSPORT AND ROAD RESEARCH LABORATORY 
UNITED KINGDOM AND 

I N P U T D A T A R E P O R T F O R R U N 
-------------------------------------~ ---------------

TRANSPORTATION RESEARCH CENTER 
UNIVERSITY OF FLORIDA 

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK 

CARD CARD CYCLE 
HO. TYPE LENGTH 

90 

CARD CARD 
HO. TYPE 
2 2 

CARD CARD MASTER 
ND. TYPE NOOE 

10 

PROGRAM NOTE 

INTERSECTION 

CARD CARD NODE 
NO. TYPE NO. 

12 

CARD CARD NODE 
HO. TYPE HO. 

5 21 
6 22 

CARD CARD LINK 
NO. TYPE HO. 

7 28 101 
8 28 104 
9 28 103 

------------------
INTERSECTION 2 ------------------

68 28 801 
69 28 802 
70 28 803 
71 28 807 
72 28 808 
73 28 812 

STEPS STOP PERIOD LOST GREEN 
PER CYC. PENALTY LENGTH TIME EXT EH. 

45 25 60 2 3 

INITIAL SPEED/ OUTPUT 
TIMINGS T-TIME LEVEL 

2 

CONTROL FLAGS 

ENGLISH/ SEC/ 
METRIC PERCENT 

0 

FLOW 
SCALE 

LIST OF HODES TD BE OPTIMIZED 

2 3 4 5 8 

SYSTEM MASTER DATA 
SYSTEM SYSTEM EXTERNAL FUEL 
SATFLOW PDF SPEED FACTOR 

INPUT UNITS WERE SPECIFIED AS FOLLOWS: 

SPEED/TRAVEL TIME IN SPEED 
ENGLISH/METRIC UNITS IN ENGLISH 
TIMING UNITS IN SECONDS 

CDHHOLLER TIMING DATA 
OFFSET INTERVAL DURATIONS (SECS. OR PERCENT> .. iHT6 .... iHT7 .... iiira .... iiir,' ... iii+; ci ••• iii+;; OFFSET REF INT IHT1 IHT2 IHT3 IHT4 IHT5 

47 16 4 52 8 4 

PHASE TIMING DATA 
START VARIAB. YELLOW ALL-RED MINIM. 

INT INT INT INT SECS. LINKS MOVING IN THIS PHASE ................................. 
1 1 3 15 101 103 
4 4 6 20 104 103 

LINK DATA 

LINK SAT. TOTAL MID-BLK. FIRST INPUT LINK .... SECOND INPUT LINK .... THIRD INPUT LINK .•.. 
LENGTH FLOW VOL. VOL. HO. VOL. SPD/TT HO. VOL. SPD/TT HO. VOL. SPD/TT 

0 3270 572 0 0 0 0 0 0 0 0 0 313 1640 4 36 208 21 25 203 305 25 211 110 25 313 3270 484 211 121 25 203 339 25 208 24 25 

Intersections 2 thru 8 slmllar 

284 3270 1578 701 1382 25 706 196 25 0 
284 1640 263 702 230 25 706 33 25 0 

0 5100 1029 0 0 0 0 0 0 0 
0 1800 295 0 0 0 0 0 0 0 
0 1640 36 0 0 0 0 0 0 0 
0 1640 259 0 0 0 0 0 0 0 

PROGRAM NOTE --- TRAHSYT-7F NOW BEGINS FINAL PROCESSING AFTER All INTERSECTIONS HAYE BEEN INPUT. 

CARD CARD LINK 
NO. TYPE NO. 

74 40 10 1 
75 40 501 

CARD CARD 
NO. TYPE 

76 51 

PROGRAM NOTE 

PROGRAM NOTE 

GRAPH PLOT CARDS 
LINK LINK LINK LINK LINK LINK LINK 

NO. HO. NO. NO. NO. NO. HO. 

104 201 203 301 303 401 403 
503 601 603 701 703 801 803 

RUH CARD 

A CARD TYPE 51 CAUSES JOB TO BE EXECUTED AS A SIMULATION RUN, 
DELETING ANY OPTIMIZATION VALUES INPUT. 

THERE ARE A TOTAL OF 8 NODES AND 42 LINKS (INCLUDING BOTTLENECKS, IF AHYl IN THIS RUH. 

Figure 93. 1RANSYT-7F Input Data Report for Existing Conditions 
on Ashley Drive 
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TRANSYT-7F 

ASHLEY DRIVE ARTERIAL AHAL YSIS • TRAHSYT-7F- EXISTING CONDITION P11 PEAK 90 SECOND CYCLE 45 STEPS 

INITIAL SETTINGS 

HOOE LIHK FLOW SAT DEGREE TOT Al TOTAL UHi FORl1 RAND011 TOTAL UNIFORl1 11AX BACK FUEL GREEN PERIOD LINK 
HO HO FLOW OF SAT TRAVEL Tll1E DELAY DELAY DELAY STOPS OF QUEUE CONSU11 START LENGTH NO 

CVEH/Hl CVEH/H) CX) CVEH-111/Hl CVEH-H/Hl (VEH-H/H) CVEH-H/Hl CVEH-H/Hl CVEH.IH;X) <VEHl (GAL/Hl (SEC) CSEC> 

10 t 572 3270 68 0. 0 5. 030 4. 660 0. 369 5. 030 484. 0( 85Xl 12 5. 96 48 22 101 
103 484 3270 15 28. 57 t. 12 t 0. 0 o. 0 o. 0 0. O( OX> 0 t .39 0 90 103 
104 436 1640 39 25. 74 2. 37 5 t. 302 0. 063 1.365 352. t< BIX) 9 3.BO " 60 104 

t: 1492 11AX : 68 54. 3 t a. 526 5. 962 0. 432 6. 394 836. t< 56Xl 12(11) t t.15 NODE Pl 12.2 

2 201 496 4860 37 26. a 1 1 .339 0.233 0. 053 o. 286 13. 5( 3Xl 0 t.51 52 24 201 
2 203 644 3270 7 t 34.81 3. 922 2. 126 0 .429 2.556 323. 1C 50Xl 11 4.63 52 24 203 
2 206 516 2950 83 0. 0 5. 708 4. 733 0. 976 5. 708 468.4< 91Xl 12 6. 15 30 ta 206 
2 207 584 3270 43 0. 0 3. 054 2. 971 0. 083 3. 054 388. 9( 67Xl 10 4. 34 ao 36 207 
2 208 45 1440 8 0. 0 0, 197 0. 195 0. 002 0. 197 25. ti 56Xl t 0 .28 ao 36 2oa 
2 210 423 1440 56 22. 87 t.472 0. 394 0. 180 0 .575 68.5( t6X) 3 t. 75 30 46 210 
2 2 t t 23 t 1640 21 0. 0 0. 390 0. 376 0. 0 15 0. 390 81. 9( 35Xl 2 o .ao ao 58 211 
2 212 276 1440 47 0. 0 t. 527 t. 426 0. 102 t.527 186. 7( 68Xl 5 2. t t ao 36 212 

2: 3215 11AX = 83 84.49 17.609 12 .453 1 .840 14.293 1556. 0( 48X) 12(11) 21.57 NODE PI 25. t 

3 30 t 1428 4860 59 78. 97 7. 062 4. 100 0 .209 4. 310 796 .6 C 56Xl 22 tt.09 40 44 30 t 
l 303 582 1270 27 35 .44 2. 230 o.a 13 o. 025 0 .839 157 .ac 21x, 4 2. 97 26 58 303 
3 304 93 2590 29 5.66 1 .614 I. 36 t 0. 03 t t. 392 92. 7( tOOXl 2 t .42 26 10 304 
3 305 165 3270 1a 0. 0 1. 112 t. 102 0,0tO t. t 12 117,7( 71Xl 3 1 .40 aa 24 305 
3 306 2 t t 1640 46 0. 0 t. 632 t. 532 0, 100 t .632 164,5! 78Xl 4 t. 99 aa 24 306 
3 310 383 1640 36 23. 32 t. 520 0. 556 0. 049 0. 605 104,8( 27Xl 3 t. 98 26 58 310 

3: 2862 11AX : 59 143. 40 15. 17 t •. 466 0 .424 9.889 U34.0C 50Xl 22(11) 20.85 NODE Pl 19.1 

40 t 1465 4860 55 81.02 5. 357 2. 005 0. 171 2. 177 228. 7< 16Xl 6 6. 19 42 48 401 
403 926 4860 l5 47. 76 a .&64 6. 94,2 0. 047 6. 990 721.BC 7BXl 19 9 .45 42 48 403 
408 143 2590 14 0. 0 0. 69 t 0. 685 0. 006 0.691 86. t( 60Xl 2 0. 97 4 34 401 
412 400 1640 63 0. 0 2 .645 2. 382 0 .262 2 .645 30 t. 1C 75Xl a 3.49 4 34 412 

4: 2934 11AX : 6l 128. 77 17. 556 12. 0 15 0 .417 12.501 1337. 7 < 46Xl 19(11) 20. 10 NODE Pl 21.1 

5 50 t 1854 4860 58 102. 53 6 .468 2 .24 t 0 .202 2,443 392. 4( 21Xl 10 a.2s 40 51 50 t 
5 503 926 4860 19 59 .27 2. 326 0. 0 0. 0 0. 0 0. O( OXl 0 2.39 0 90 503 
5 504 t 15 1640 25 7. 36 o. 77 t 0. 46 t 0. 021 0 .482 10 t.2( aaxi 3 t.13 12 24 504 

5' 2895 11AX : 58 169. 16 9 .565 2. 702 0. 223 2. 925 493.6( t7Xl 10(11) 12.27 NODE PI 6.4 

60 t 1403 3270 65 62. 77 2 .898 0. 125 0. 309 0 .434 16. IC IX) 3. 34 " 51 601 
602 10 1640 I 0. 45 0. 0 19 0.001 0. 0 0. 00 1 0. t< IX) 0. 05 46 58 602 

ASHLEY DRIVE ARTERIAL AHAL YSIS - TRAHSYT·7F· EXISTING COHDITIOH Pl'I PEAK 90 SECOND CYCLE 45 STEPS 
HOOE LIHK FLOW SAT DEGREE TOTAL TOTAL UHIFORl'I RAHOOl'I TOTAL UHIFORl1 l'IAX BACK FUEL GREEN PERIOD LINK HO HO FLOW OF SAT TRAVEL Til'IE DELAY DELAY DELAY STOPS OF QUEUE COHSUl1 START LENGTH NO CVEH/Hl CVEH/Hl CXl CVEH-111/Hl (VEH-H✓ Hl (VEH-H✓Hl <VEH•H/Hl (VEH-H/Hl <VEH✓H, Xl <VEHl CGAL/Hl <SECl <SEC> 

6 603 1001 4860 41 46. 03 2. 184 0. 306 0. 072 0 .378 71. 7( 7Xl 6 2.81 60 44 603 6 608 40 1640 9 0. 0 0 .263 0 .26 t 0. 002 0 .26l 27. 6( 69Xl t 0. 33 1a 24 601 6 609 226 1640 21 tO. t t 0. 43 t 0. 020 0.014 0. 034 2. 6( IX) 0 0, 52 46 51 609 6 612 209 1640 46 0. 0 1.613 t.516 0. 097 t.613 162. 9( 78X) 4 t. 97 ta 24 612 
6: 2889 l'IAX : 65 119. 35 7. 407 2. 228 0.494 2. 722 281.0( 10Xl 6(11) 9.01 NODE PI 4. 7 

70 t 1382 3270 62 91.03 5. 307 t.476 0. 258 I. 734 620. 6( 45Xl 21 8 .62 64 60 711 702 230 1640 21 15. 15 0. 724 0. I 15 0.013 0. 129 41.3( 18X) I I. 02 64 60 702 703 931 5100 27 50. 91 2. 975 0. 952 0. 025 0 .977 515. 2( 55Xl ta 5. 74 64 60 703 705 407 4430 36 0. 0 3. 069 3. 0 ta 0. 050 3.069 316. 5( 78Xl a 1.ao 38 22 705 706 229 1640 55 0. 0 I. 955 t. 79 t 0. 164 t. 955 117. 6( B2Xl 5 2.31 38 22 706 709 226 1640 20 14 .89 0. 658 0. 060 0.013 0.073 33. 6( 15X) I 0. 94 64 61 709 
7' 3405 11AX : 62 17 t. 97 14. 687 7 .413 0. 521 7. 937 1714.B< 50Xl 21(11) 22.43 NODE Pl n.8 
a 10 t 1578 3270 67 85. 3 t 4. 95 t t. 266 0. 336 t.602 337. 6( 21Xl 9 6. 73 52 64 10 t a 802 263 1640 53 14 .22 2. 152 t.44 t 0. 153 1.594 214. 5( B2Xl 6 2.59 0 26 802 8 803 1029 5100 52 0. 0 5. 944 5.&05 0. 140 5. 944 731.5( 7 IXl 19 a.25 52 34 103 a 807 295 tao o 7g 0, 0 3. 326 2. 669 0 .657 3.326 262. 6( 19Xl 7 3.51 30 ti 117 a 108 36 1640 10 0. 0 0. 283 0 .280 0. 003 0. 283 27. 3( 76X) t 0. 34 30 11 ao8 a 812 259 1640 75 0. 0 2.872 2. 328 0. 544 2.872 230. t( 19Xl 6 3. 05 30 18 112 
3, 3460 l'IAX 78 99.52 19. 529 13.789 t.Bll 15. 622 1803.5( 52Xl 19(!'1) 24.47 NODE PI 21. 1 

TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL 
DIS TAHCE TRAY EL UHIFORl'I RAHDOl1 DELAY UHIFORl'I FUEL PERFORl'IANCE SPEED 
TRAVELED Til'IE DELAY DELAY STOPS CONSUi'! INDEX 

CVEH-111/Hl CVEH-H✓ Hl (VEH-H/H) ( VEH-H✓ Hl (VEH-H/Hl CVEH/Hl CGAL✓Hl (111/Hl 

970.97 t 10. o5o 66. 02a 6. 256 7 2. 284 9456. 7 141.85 137. 96 a.12 

Figure.94. 1RANSYT-7F Traffic Performance Table for Existing 
Conditions on Ashley Drive. 
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LINK 10 1 MAX FLOW 3270 VEH/H 

sssssss 

M.M. E. 0. 0 

sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
S5S5555 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 

IIII IIIIII I II III III IIIIIIOOOOOOOOOOOOI I !III I I 
II I II I I II II II II II I II I I I I !0000000000001 I I II I I I 
II III II I I !II III I I IIIII I I !00000000000011 III I I I 
I I I II II II I I I I I I I II II II II !0000000000001 I I I I II I 

LINK 201 MAX FLOW 2808 VEH/H 

00 

M.M.E. 1.41 

LINK 801 MAX FLOW 

00 
000 
000 
000 
000 
000 
0000 
0000 
0000 
00000 
00000 
000000 
000000 
0000000 
000000000000 
00000000000000 II 
000000000000000 III 
000000000000000! !III 

0000 
0000 

00000 
00000 
00000 

000000 
000000 
000000 
00000 a 
0000000 
0000000 

00000000 
00000000 
00000000 
000000000 
000000000 
0000000000 
00000000000 

s000000000000 
s000000000000 
s0000000000001 
s0000000000001 
S000000000000 I I I 

3270 VEH/H M.M. E. 

ssss 0000 
sssss 00000 
sssss 000000 
sssss 0000000 
sssss 0000000 
sssss 0000000 
sssss 00000000 
sssss 00000000 
sssss 00000000 
sssss 00000000 
sssss 00000000 
sssss 00000000 
5S555 000000000 
sssss 000000000 

!IOSSSS 000000000 
l!!OSSSS 000000000 
I I !OSSSS 000000000 

II I !OOSSS 000000000 
000000000000000! III!! II!!OOSSS 000000000 
000000000000000 I I II I I I I I I I I 0005S 000000000 
OOOOOOOOOOOOOOOIIIIIIIIIll!OOOSS 000000000 
OOOOOOOOOOOOOOO!lll!IIIIII!OOOOS 000000000 
0000000000000001 I I I I I I II I I !00000000 000000000 
000000000000000! I I I I I I I I I I I 000000000000000000 

0. 52 

TRANSYT-7F 

LINK 104 MAX FLOW 1640 VEH/H M.M.E. 0.90 

sss sssssss 
sss sssssss 
SSS II SSSSSSS 
SSS III SSSSSSS 
SSS !III! SSSSSSS 
SSS !!III SSSSSSS 
SSS IIIIIISSSSSSS 
SSS IIIIIIISSSSSSS 
SSS IIIIIIISSSSSSS 
SSS IIIIIIIOSSSSSS 
SSS II!IIIIOSSSSSS 
SSS IIIIIIIOSSSSSS 
SSS ll!lll!OOSSSSS 
ass IIIIIIIIOOSSSSO 
ass IIIIIIIIOOSSSSO 
OOS IIIIIIIIOOOSSSO 
OOSS Ill!IIIIOOOSSSO 
OOSS IIIIIIIIOOOSSSO 
OOSS II I II II IOOOOSSO 
000S IIIIIIIIOOOOSSO 
0000 II I II II !00000S0 
00000 lll!llllOOOOOSO 
00000000000000000000000011111 111111110000000 
OOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIOOOOOOO 

LINK 203 MAX FLOW 3270 VEH/H 

ssssss 

M.M.E. 0.97 

I 
II 
II 
III 

I !III 
IIIIIIIIIII 

LINK 803 

ssssss 
ssssss 
ssssss 
ssssss 
sssssss 

I SSSSSSO 
I SSSSSOOO 
I SSSSSOOO 
I SSSSOOOO 
I SSSSOOOO 
I SSSOOOOOO 

I II SSSOOOOOO 
I II SSSOOOOOO 
I I I SSSOOOOOO 
II I SSOOOOOOOO 
III SSOOOOOOOO 
I II SSOOOOOOOO 
II I I SSOOOOOOOOO 
II II S0000000000 
11111 s0000000000 
II I I I S00000000000 
I II I II S000000000000 
llllllllllOOOOOOOOOOOOOII 

MAX FLOW 5100 VEH/H M.M.E. 

ssssss 
ssssss 
ssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 
sssssss 

IIIIIIIIIIIIIIIIIIIIIIIll!IOOOOOOOOOOOOOOOOOO 
IIIII!IIIIIIIIIIIIIIIIIIII!OOOOOOOOOOOOOOOOOO 
IllllllllllllllllllllIIIIIIOOOOOOOOOOOOOOOOOO 
IlllllllllllIIIIIIIIIIIIIIIOOOOOOOOOOOOOOOOOO 
IIIIl!IIIII!IIIIIIIIl!Ill!IOOOOOOOOOOOOOOOOOO 

0.0 

Figure 95. 1RANSYT-7F Flow Prof I le Plots for Existing 
Conditions on Ashley Drive. 
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TRANSYT-7F 

ASHLEY DRIVE ARTERIAL ANALYSIS - TRAHSYT-7F- EXISTING CDHDITIOH PM PEAK 

TRAHSYT-7F SIGNAL CONTROLLER SETTINGS 

NETWORK-WIDE SIGNAL TIMING DATA 

SYSTEM CYCLE LENGTH = 90 SECONDS 

MASTER OFFSET REFERENCE LOCATION= INTERSECTION HO. 

ALL OFFSETS ARE REFERENCED TD THE START OF INTERVAL HO. 1 AT THIS SIGNAL. 

INTERSECTION CONTROLLER SETTINGS 

IHTERSECTIOH NUMBER 

INTERVAL HUMBER• 

LENGTH (SEC): 

LENGTH (¾): 

16 

18 

4 52 8 4 

58 

PIH SETTINGS C¾l• 100/0 18 ZS 29 87 96 

PHASE START (PH I): 

VARIABLE IHT.(PH I): 

OFFSET= 0 SEC. ¾. 

THIS IS THE MASTER CONTROLLER. 

90 SECOND CYCLE 45 STEPS 

+++ 137 +++ WARHIHG + THE OFFSET FALLS WITHIN 1¾ OF AH INTERVAL CHANGE POINT AT THE START OF INTERVAL HO. 

INTERSECTION HUMBER 2 

INTERVAL HUMBER• 2 

LENGTH CSECl: 14 10 

LENGTH (¾): 16 11 

+++ 129 ♦ ++ WARNING+ DUE TO 

PIH SETTINGS C¾): 100/0 16 

PHASE START (PH I): 

VARIABLE IHT.CPH ll• 

OFFSET = 4 SEC. 4 ¾. 

4 26 

4 30 

ROUNDOFF, 

27 31 

2 

2 

8 

10 8 10 

11 11 

INTERVAL HO. 

6 1 72 76 85 

3 

4 

4 

4 HAD TO BE ADJUSTED BY O SEC AHO/OR 1X. 

96 

+++ 137 +++·WARNING+ THE OFFSET FALLS WITHIN 1¼ OF AH INTERVAL CHANGE POINT AT THE START OF INTERVAL HO. 9 

lntereectlon• 3 thru 7 elmllar 

INTERSECTION NUMBER 8 

2 4 S 8 INTERVAL HUMBER• 

LENGTH CSEC>• 

LENGTH (¾): 

24 10 4 26 8 10 

27 11 4 30 4 11 

+++ 129 +++WARNING+ DUE TO ROUNDOFF, INTERVAL HO. 4 HAD TO BE ADJUSTED BY O SEC AHO/OR 1¾. 

PIH SETTINGS (¾): 100/0 27 38 42 72 76 85 96 

PHASE START tPH I): 2 

VARIABLE IHT.CPH t): 

OFFSET = 4 SEC. 4 ¼. 

+++ 137 +++WARNING+ THE OFFSET FALLS WITHIN 1¾ OF AN INTERVAL CHANGE POINT AT THE START OF INTERVAL NO. 8 

Figure 96. 1RANSYT-7F Signal Timing Tables for Existing 
Conditions on Ashley Drive. 
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TRANSYT-7F 

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK 

--- PROGRAl1 NOTE --- THIS IS THE INPUT DATA REPORT FOR TIME-SPACE DIAGRAM HO. 

CARD 
NO. 

77 

CARD 
NO. 

78 

CARD 
NO. 

)9 

ao 

CARD 
TYPE 

60 

TITLE 

ASHLEY 

CARD 
TYPE 

61 

61 

NO. TIME 
NODES FLAG 

8 

TIME DIST. 
SCALE SCALE 

67 

DRIVE - EXISTING Til1ING 

LINK PAIRS AL TERNA TING BY DIRECTION 
DOWN AHO UP DOWN AHO UP DOWN 

101 104 201 203 301 

801 803 

TIME-SPACE DIAGRAM DATA 

PLOT TITLE CARD 

PLOT LINK STREAM CARD 

AHD UP DOWN AND UP 

303 40 1 403 

90 SECOND CYCLE 45 STEPS 

DOWN AHO UP DOWN AND UP 

501 503 601 603 

TRANSYT-7F IME-SPACE DIAGRAM ROUTINE 

DOWN AND UP 

701 703 

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK 90 SECOND CYCLE 45 STEPS 

PLOT TITLE• ASHLEY DRIVE - EXISTING TIMING 

Til1E AXIS IS IN•SEC TIME SCALE = 3 SEC/CHAR, DIST. SCALE = 67 FT✓ LIHE 

NODE 123456 7890 1234567890 1234567890 1234567890 123456 71190 123456 7890 123456 7890 123H6 7890 123456 7890 123456 7890 123456 7890 DISTANCE 

1 ......... _________ - ----------r · · · .. · · •--------------------r · · · .. · · •--------------------, · · · · · .. · •------------ FT 

2 • ··················r ··················r ··················i· IOOOOOOUOfN 28 6 FT 

NNNNNNNNNN---- IOOOOOOOOfM--- - JOOfNJf)OOOfN---- MNN)OOflU~ 577 FT 

1 I I 
NNNNNNNNNNNNN N N IOOOOOUOOOOf JfNNIOOOfNNNNN:N NIOOOIN 869 FT 

I I I 
5 1161 FT 

I I I 
+++ ♦ IHNIOINNNN++ ♦♦ + 100000000ft ♦ +++ NNIOENNNNN+ ♦♦♦♦ • 1398 FT 
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I I I 
8 • ♦♦+ ♦♦♦♦♦♦♦NNNNNNN ♦♦♦♦+♦♦♦♦+NNNNNNN ♦♦ +♦♦♦♦♦♦♦JfNNNNNN +++++++ 2030 FT 

NODE 123'567&'6th4~67&90123456700 l234567890 12:1456 78 90 123456 7890 123456 7890 123456 7890 123456 7890 123456 7890 123456 7890 DISTANCE 

SCALE CONVERSIONS' 
Til1E/INCH = ITI11SC • 10 <AT 10 CHAR/INCH) 
DIST/INCH = IDISSC • 6 <AT 6 LINES/INCH) 

♦♦♦ THRU IN DOWN DIRECTION 
THRU IN BOTH DIRECTIONS 
THRU IH UP DIRECTION 

••• RED IN BOTH DIRECTIONS 

CARD CARD 
NO. TYPE 

&1 90 

PROGRA11 NOTE END OF JOB! 

Figure 97. 

TERrlIHATION CARD 

1RANSYT-7F Time Space Plot for Existing Conditions 
on Ashley Drive. 
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Figure 98. 

c;Q • 911'J f..O .'7 ':i6,9 Bf 83110.~ 1 ,e.11 :t 1111 ,01 

lRANSYT-7F Traffic Performance Table tor Optional 
Solution on Ashley Drive. 
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70 SECONO CYCLE 35 STf PS 

FUH GREEN PE RICO LINK 
CON SUM ST I J;T LENS TH NO 
CG IL /HI I SEC I I SFC I 

5.61 2 1E 101 
l • 3a C 70 103 
2.13 22 46 104 

9.14 NCC£ PI 8. 8 

1 .8 o 12 20 201 
3.71 12 20 203 
,. 08 62 16 206 
• .13 3E 22 207 
o.n 36 22 208 
1 .62 E2 •0 210 
o. 85 36 42 211 
2.35 3( 22 212 

20.115 NOOE PI 22 •• 

•• 34 68 32 301 
2.46 58 42 303 
1. 28 58 6 JO 4 
1 .23 3" 20 305 
1.73 1• 20 306 
1 .65 58 42 310 

11. 10 NOO f PI = 14.9 

6041 2 3• 401 
9.13 2 34 403 
o. 84 •□ 28 408 
3 .oo 4C 2E •12 

19.39 NOOE PI 19.7 

q. '46 0 JS 501 
2 .a,q C 70 503 
o. 55 ,2 2, so• 

12 .89 NOOE PI 7.4 

3 .9q ,2 601 
o. 0 5 •2 602 
3.3q 18 32 603 
o ,zq s• 20 608 
a. 53 8 42 60 9 
1.11 5• 2C 612 

9. 8 5 tl!OOE PI 5.9 

s. 8 2 14 40 701 
l .o l 1• ,o 702 
2.72 1• •o 70 3 
2 .q9 se 22 705 
1. 7q 58 22 706 
0 •8 3 1" 40 709 

16. 15 NOOE PI 10 .9 

6068 16 •2 801 
2 .sf •2 16 802 
9. 6 o 16 22 80 3 
2 ,SI& 62 20 807 
a. 26 62 20 808 
2 .22 E2 20 812 

22. 8 5 hOOE PI 24.9 

SPHO 

Oil/HJ 

10.25 
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Table 23 - Comparison of 1RANSYT-7F MOE 1 s For Alternate Cycle Lengths Ashley Drive 

Total 
Tr ave I Tota I 

Cycle Time Delay 
Alternate Length (Veh-H/H Veh-H/H 

Exl sting 90 sec. 110.050 72.284 
1 70 sec. 94.751* 56.986* 
2 72 sec. 98.293 60.528 
3 74 sec. 97.871 60.105 
4 76 sec. 96.792 59.027 
5 78 sec. 97.630 59.864 
6 80 sec. 100.056 62.291 
7 82 sec. 100.880 63.114 
8 84 sec. 100.896 63.131 
9 86 sec. 102.010 64.244 

10 88 sec. 103.027 65.262 
11 90 sec. 104.4 74 66. 708 
12 92 sec. 104.664 66.899 
13 94 sec. 105.338 67.572 
14 96 sec. 107.089 69.323 
15 98 sec. 107.442 69.676 

* Lowest value tor MOE 

Control I er Ti ming Card ( to specify f I xed 
Intervals) tor each intersection. It alter
native phasing schemes are to be cons I dered 
then the phase timing cards tor each phase 
must be changed. 

Since previous evaluation (PASSER 80) indi
cated the phasing was adequate It Is only 
necessary to define alternatives by vary Ing 
the cycle length. For this example an opti
mal signal plan was developed tor each two 
(2) second Increase in cycle length from 70 
seconds to 98 seconds. This required chang
ing 12 cards in the existing conditions run 
(two control cards, two title cards and eight 
control timing cards). 

Evaluation of Results 

Tab I e 23 provides a compar I son in network 
wide f>.OE 1 s tor each of the 15 alternatives. 
In general as cycle length Increased, travel 
time increased, stops decreased, and speed 
was relatively unchanged. Al I of the alter-

Tota I Total 
Uniform Fuel 
Stops Consumption Performance Speed 
Veh/H (Veh/H) Index (MPH) 

9456. 7 141.85 137. 96 8.82 
8340.5 128.42* 114.91* 10. 25* 
9076.8 133.46 123.56 9.88 
8635.6 131.46 120.07 9.92 
8784 .9 131.36 120.03 10.03 
8756.4 131. 57 120.67 9.95 
8637.8 132.33 122.28 9. 70 
8194 .6 130.13 120.02 9.63 
8449.6 131.81 121.81 9.62 
8450.5 132.34 122.93 9.52 
8439.2 132.79 123.87 9.42 
8384.8 133. 14 124.94 9.29 
8019.4 130.77 122.59 9.28 
7979.8 131. 12 122.59 9.22 
7944.4 131.45 124.49 9.07 
7920.6* 131.55 124.68 9.04 

183 

native signal plans developed by 1RANSYT-7F 
resulted in improved traffic f IQrl. 

The optimal cycle length was a 70 second 
cycle. Total delay would be reduced by 20% 
( from 72. 28 veh-hrs/hr to 56. 99) wh I I e stops 
are reduced by 12%, as wel I as total fuel 
consumption. Average operational speed Is 
increased from 8.8 mph to 10.3 mph. 

Figure 98 shows the traffic performance 
expected on each of the I in ks tor the opt I rm I 
70 second cycle. The degree of saturation 
was slightly Increased on some approaches In 
order to prov I de add It Iona I t I rre for I In ks 
with higher level of saturation. The rrost 
-not I cab le improverrent on a I Ink by I ink basl s 
is that In every case the maxi mum queue has 
decreased on each I ink. For Instance, the 
maximum back of queue for existing conditions 
was 22 vehicles for I Ink 301. For the opti
mal 70 sec. cycle the maximum expected back 
of queue for I Ink 301 was reduced to 16 vehi
c I es, or 27 percent. 
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Su...ary of Work Effort Required 

The fol low Ing summar lzes the work effort 
required to run the 1RANSYT-7F model for this 
prob I em. 

Data Collection Very I ittle time Is 
required to obtain data since al I the Infor
mation Is norma I ly obta lned by the traffic 
engineering office except I ink to I ink turn
Ing movement counts for street segments which 
used two or roore I Inks to describe traffic 
flow. To accurately measure these data mlnl
orlgin/destlnatlon studies would have to be 
conducted, however, reasonable procedures for 
estimating these roovements are found In the 
User's Manual (page 5-26 to 5-93, Reference 
9.4}. 

Data Cod Ing - The cod Ing of data tor 1RAN
SYT-7F does requires some time, however, the 
primary effort Is the time required to trans
form data from the information on-hand (turn
ing roovements, signal timing etc.} to_ that 
required for cod Ing. It was found to be 
easier to summarize this data on the link
node network prior to coding. Preparation of 
the I ink-node sketch, summarization of data 
and actual coding of forms required approxi
mate I y four hours. An add I tiona I hour was 
required to review, Identify and correct 
coding errors for existing conditions. 

Computer Time - Required CPU time for the 
existing conditions was approximately .97 
second per run ( a tota I of three runs were 
required}. The opt I mi zation runs required 
from 6.22 seconds of CPU time for the 70 
second cycle to 9.06 seconds for the 98 
second eye I e. A tota I of 284 K of core 
storage was required. 
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CHAPTER 10 - SIGOP III (NETWORK OPTIMIZATION MODEL) 

Chapter 9 described a street network signal 
analysis and optimization model developed In 
the United Kingdom cal led TRANSYT. This 
chapter describes a siml lar model developed 
In the United States -- SIGOP I I I. The slml
I ar It I es between SI GOP 11 I and TRANSYT fa I I 
primarily In the functional area; that Is, 
both models are macroscopic signal timing 
design and analysis models. Both contain two 
primary submodels: 1) a traffic flow submode! 
and 2) an optimization submode( which mini
mizes a user specified "disutl I ity" function. 
The specific approaches employed differ some
what between the models, however. 

SIGOP 111 uses the underlying principles of 
the TRANSYT model , and was based upon the 
fol lowing objectives (10.2). 

1. Develop a new, Improved optimization 
procedure. 

2. Improve effective utl I izatlon of the 
model. 

3. Enable exp I felt representations of the 
traffic environment, Including exclusive 
turn Ing bays. 

4. Consider the effect of extensive queueing 
to prevent 11 spl I I over" in to upstream 
Intersections. 

5. Exp I lcltly consider multi-phase control. 

6. Include useful features of other models. 

SIGOP I I I Is an outgrowth of the SIGOP model, 
but most of the di ttlcu I ties with the ear 11 er 
model have been overcome. Several SIGOP 
features, notably the time-space plot capa
b 111 ty, have been reta lned in SI GOP 111. 

One of the major di tterences between SIGOP 
I 11 and TRANSYT concerns the opt I ml zatlon 
objective function. TRANSYT considers delay 
and stops. SIGOP 111 also considers delay 
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Figure 99. Arterial Network 

and stops but, additionally, the objective 
function Includes a term for queue 11spl I l
over•" 

SIOOP 111 Is a powerful analysis and design 
tool. Preset conditions, such as existing 
cond I tions, may be analyzed In terms of a 
number of useful traffic engineering rreas
ures. The signal timing may be optimized tor 
cycle length, splits and effects to minimize 
the 11d i sut 111 ty" tunct Ion. Compar I sons of 
results of several candidate configurations 
enables the engineer to evaluate the relative 
effectiveness of the alternative designs. 

SIOOP Ill was developed by KLD Associates, 
Inc. for the Office of Research, Federal 
Highway Administration (FHWA). The model 
will be disseminated and maintained by the 
lmplerrentatlon Division of FHWA, thus the 
utility and useful life of the model should 
be both current and rel I ab I e. 
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Program inputs include network geometrics, 
traffic flows and link capacities, link 
speeds, signal timing parameters and control 
options. The inputs are greatly improved 
over the original SIGOP. Data requirements 
tor SIGOP Ill are relatively less than lRAN
SYT and NETSIM but more than PASSER I 1(80). 

MODEL DESCRIPTION 

SIGOP Ill Is an acronym tor Traffic SIGnal 
OPtimization Model, version 111. The program 
is written in FORlRAN IV and has successfully 
run on both CDC 6600, IBM 360 and 370, and 
Amdah I 4 70 computer systems. The current 
version contains 34 subroutines and 23 common 
blocks. the FORlRAN program is approximately 
7,900 I Ines in length of which approximately 
76% are definition and executable statements. 
The program requires approximately 300k bytes 
of core storage on an I BM 360 computer, but 
an over I ay structure reduces the space 
requirement to 200k bytes. 

Execution time is variable and depends upon 
the number of intersections (nodes) and the 
number of cycle length iterations. The com
puting time varies approximately linearly 
with the number of nodes and cycle iterations 
(Reference 10.2). Thus, even large networks 
can be optimized in a relatively short time, 
and computer time is comparable to recent 
versions of 1RANSYT (lRANSYT-7 and 
TRANSYT-7F of Chapter 9). 

The study network can presently cons I st of a 
maximum of 50 nodes and 130 I inks, however, 
the developers have given Instructions tor 
expanding the capacity of the program (Refer
ence 10.2). 

SIGOP 111 is a macroscopic, deterministic, 
simulation and optimization model with a 
periodic time scan over the solution space 
(e.g., cycle lengths, offsets and splits). 
The optimization technique employs a gradient 
methodology to scan the feasible solution 
surface to be cont I dent that the system-w I de 
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global optimum solution is found. The model 
uses an app I I cat ion of a techn I q ue referred 
to as the "Method of Success Ive Approx i ma
t ions" (Reference 10.5) that shortens the 
solution times. These techniques are 
discussed In greater deta i I I ater in th Is 
chapter. 

The rrodel deals exclusively with mixed-t lot 
traffic on a signalized arterial network. 
Multiple approaches (e.g., diagonal streets) 
are perm Issi b I e and si gna I t I ming Is assumed 
to be fixed-time, but with multiple phasing. 

The model contains tour main program segments 
which are: 1) an executive module, 2) an 
initialization module, 3) a traffic submode!, 
and 4) the optimization submode!. The 
program structure is shown In Figure 100. 

llll'IIHIN'IIIT'ION 
o, TIIA#IC 

OUTP\11' 

INPUT 

PLOW IIO.._ TO INPUT 
llll"IIIE~-----1, 
~ 

CONTII«. Sl'ECFICATION 

OUTPUT 

F lgure 100. S IGOP I I I Program Structure 

INPUT REQUIREMENTS 

There are 13 types of input cards avallable 
tor SIGOP 111, a sample of the deck layout is 
shown In Figure 101. A largely standardized 
Input format has been des I gned tor the 
beneti t ot the users. Alphabetic information 
Is Input to name the network and streets. 
Most numer le data are input In standard 
4-col umn integer t I e Ids. A summary of the 
inputs is provided In Table 24. 



SIGOP III 

Table 24 - Input Requirements For SIGOP II I 

CARD TYPE CARD DESCRIPTION REQUIREMENTS 

Identification Card Provide general Information Run number, time, date and name of 
(reaulred) about the run. run. 

Network Card Network-wide parameters and Min. and max. cycle, half cycle 
(required) objective function. flag, lost time, headways, satura-

tion I imits, optimization flag and 

other control flags. 

Minimum Phase Minimum green times for each Node number and minimum greens for 
Duration Cards node in network. each phase. 

(reaulred) 

Link Cards Link geometr I c and Link-end node numbers, I ength, 
(required) character I st ics. no. of lanes, turn bays, % trucks, 

speed, headway, lost time, weight 

factor, input flows, source/sink 
f I ows, output f I ows and control 

codes. 

Coupled Approach Ind lcate I Inks that "share" a Link-end node numbers. 
Cards (required) common stop I ine and move in 

para I lel. 

Link Name Cards Link names. Link-end node numbers and names. 
(reauired) 

Plot Header Card Plot control card. Number of p I ots. 

(optional) 

Plot Name Card Cs) Title of plot. Title. 

(optional) 

Node Sequence Cards Node sequence for plot. Node numbers in order to be plotted. 
(optional) 

Fixed Offset Cards Signal offsets not to be Node numbers and offsets. 
(optional) changed. 

Fixed Phase Duration Phase splits not to vary. Node numbers and spl I ts. 
Cards ( opt i ona I ) 

Signal Timing Cards Initial phase sp I I ts. Node numbers and signal offsets and 
(optional) ohase durations. 
End-of-Run Output control information. Number of cop I es of outputs, flow 

sealing factors (for up to four 
additional runs) and plot seal Ing 
factors. 
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.J- End-of-Run (Rl 

.J- Slonal Tlmlno (O ♦t) 

..}- Flud plloae duraflon(Ol 

.J- Plot Name and Node 
.._ ....,,_ ln1wl-d (0) 

- Plot Heoffr (0) 

'_/- LIM Name (0) 

.7- Coupled ApproOCII ( R +) 

f- Llnk(R) 

(R) = Required 
(0) = Optional 

J- Milli- .... e .. ratlon(II) + If -••eary 
.>- Netw«k (R) __ __. >- Identification (R) + + lla.,ired If ewiluetjon 

oPtlon is ••lllo,H 
Figure 101. Typical SIGOP Ill Data Deck 

The network structure is Input by Identifying 
each node. Links are Identified by I ink-end 
node numbers, thus a link running from Node 1 
to Node 2 would be "named" Link (1,2). 
Generally, one link will exist between each 
adjacent set of nodes In each direction, If 
two-way. Turning bays are handled expllclt
ly, rather than via separate I inks (e.g. as 
In TRANSYT). The flow through the network Is 
further identified by inputting the down
stream node number receiving through traffic 
from each I Ink. Only Internal I inks carry 
traffic. External I inks ( identified by hav-
1 ng an externa I node number of 800 or 
greater) serve only as input sources, or exit 
sinks, and no travel occurs In these I Inks. 
Neither are the 800 level nodes included in 
the network. Queueing and delay do, however, 
occur on external input I inks. 

Mid-block sources or sinks may be Included to 
reflect the affect of parking lots, shopping, 
centers, etc. 

L Inks that share comrron, or para I lei, move
ments may be coupled together and, thus, move 
on s I mu I tan eous phases. 

Volumes must be specified, both In terms of 
Inputs and outputs. A "pr I mary" volume ls 
the through input from upstream. "Secondary" 
volume is that from other upstream movements, 
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such as turns from cross streets (excluding 
sink/source flows). Output volumes are ex
pressly Input as to turning rrovement, where 
the through output volume is calculated, as 
the sum of al I Inputs, I ess the sum of output 
r lght and left turns. Since the Input/output 
flows are specified per link, volumes need 
not "balance" from node to node. This Is 
convenient since data collection techniques 
are rarely sufficiently accurate that volumes 
do ba I ance. 

Signal patterns are Input In a fairly easy 
manner (although probably no more so than In 
TRANSYT). The steps are given below: 

1. Diagram the phase patterns (for several 
examples see Figure 102) and identify the 
movement diagram for the I Ink in. question 
(say from the left, or eastbound, In the 
4-phase example). 

Jll 
PHASE I _J O '-----. ,-

11 r 
Jll 

PHASE I __; 0 '------. ,-

'11r 

JIL 
PHASE'll1 __/ 0 '== -- ,-111 

Jll _Jo~ 
PHASE IV=._ ;= 

l1r 
(al 

PHAK 
COOING 
OIAGIIAM 

Figure 102. Phase Movement Coding Diagram 

2. Determine which phases carry the through 
movement from thl s I ink (e.g. <J2 & 
¢3). 



3. 

4. 

5. 

Code 

1 
2 
3 
4 

12 
13 
14 
23 
24 
34 
41 
42 
43 
44 
45 
50 

Table 25 - Input Phase Codes For 
Link Card 

X 

X 
X 
X 

X 
X 
X 
X 

Phase(s) Servicing 
Indicated Movement 

11 111 

X 
X 

X 
X 

X X 
X 

X 
X X 
X 

X 
X X 
X X 

Movement Is not services 

IV 

X 

X 

X 
X 

X 
X 
X 
X 

Enter Table 25 to determine the code for 
this link that satisfies the phases 
determined In step 2 (e.g., code = 23). 
This value Is entered In the first of 
three fields on the Link Card that are 
prov I ded tor patterns. 

Repeat steps 2 and 3 tor left-turns 
(e.g., code = 12) and r lght-turns (e.g., 
code = 50). These codes are entered In 
the remaining 1-«o fields of the pattern 
section on the Link Card. 

Repeat steps 1-4 tor al I rema In Ing 
approaches at this node, and subsequently 
tor a 11 nodes. 

Note that tor less than three phases per ap
proach, the code Is Identical to the phase 
numbers continuing In order, thus, the user 
should quickly become taml I lar with the 
cod Ing scheme. 

The major disadvantage of thl s approach Is 
the I Imitation to a 4-phase cycle. Many con-
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trol lers operate on five or six phases even 
In fixed time operations. The advantage Is 
that It provides and easy to understand en
cod Ing scheme. 

Capacities of movements are Input In terms of 
the numbers of lanes, start-up lost time and 
min I mum discharge headways. The latter 
value, tor a given link, is the reciprocal of 
the maximum vehicle service rate, thus users 
who normal iy work with capacities Cvphg) can 
easily convert to minimum discharge headway. 
For example, 1700 vphg leads to a 2.1 sec 
headway <3600 sec hour + 1700 vphg). The 
value Is Input In tenths of seconds, so 21 
wou Id be Input. 

Signal offsets and spl Its may be Input to 
analyze preset (e.g., existing) conditions. 
Furthermore, it the user desires, selective 
offsets and spl Its may be Input which cannot 
be changed by the optimization model. This 
feature may be used, tor example, when optl
mlz Ing a very large system, by segmenting the 
neiwork Into groups of 80 or fewer nodes. 
The "border" street( s) cou Id be opt I ml zed In 
one segment, then fixed In the adjacent seg
ment. 

In summary, the Inputs to SIOOP Ill are func
tional ly slml far to TRANSYT. Both pr~ 
have some advantages over the other in terms 
of ease of coding, although SIOOP 111 appears 
to have a slight advantage In this regard. 
One minor problem with the SIOOP Iii coding 
scheme is the necessity to Indicate, on one 
card, the Identification of the fol lCJ11lng 
card. The codes tor "next card" vary among 
cards; thus, the user must always be atten
t Ive to the "current" card. 

OPERATIONAl. SUMMARY 

As noted before, SI OOP I I I Is a macroscop I c, 
deterministic 110del with a traffic submode! 
and an opt I ml zatlon submode I. 
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The nei'#ork ls formulated as a system of 
nodes w I th un Id lrectlonal I Inks bei'#een 
nodes, as required. External I Inks have 
psuedo nodes, Indicated by node numbers grea
ter than 799. An example of a neiwork Is 
shown In Figure 103. 

Figure 103. Typical SIGOP Ill Network 

Traffic appears on the external input I Inks 
and Is assl.lll8d to arrive uniformly at the In
put stop I lne. Within the system traffl c is 
asslllled to travel In platoons which disperse 
over downstream links according to 1) the 
time of release upstream, 2) the distance 
traveled and 3) the free speed. The rela
tlonshl p bei'#een traffic and control is 
11 lustrated In the nine "standard" cases de
picted In Figure 104. The primary and 
secondary platoons are according to the defi
nitions given In the discussion of volumes In 
the previous section. 

Upon the onset of green, and after the In 1-
tlal start-up and acceleration lost times 
expire, any existing queue ls assumed to dis
charge at the saturation flow rate. The 
traffic moves In a coherent platoon along the 
I Ink, but dispersing (I.e. lengthening) as It 
progresses. Robertsons' platoon di spersl on 
techn lque (Reference 10.6) Is used (although 
Indirectly, as explained later). Delay, 
stops and queuing can thus be computed, given 
the predictable arrival and departure pro
files of the traffic. The methodology for 
these computat Ions Is d I scussed In the next 
section. (Also see Chapter 9 on lRANSYT for 
further Information on platoon dispersion.) 
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II /~/ 
Pi • prilnory i'z' HCGnclary 

platoon platoon 

CGN:r6 ,:,/.' ,' -- - .,. I //r--
..,,; 

P1 P2 

Figure 104. Sketches of Fl ow Control 
Cont lguratlon, in Time-Space 

Plane for SIOOP 111 

The above describes the traffic submode! 
briefly. The traffic model can be exercised 
for each I Ink, given the signal timing of the 
upstream and downstream nodes. The optimlza
t Ion process thus searches for a set of si g
oal timings (offsets and splits) that mini
mizes the "dlsutl I lty function" (defined 
later). By switching the signal timing 
accord Ing to a ru I e, the effect on traffic 
flow Is recalculated and the dlsutli!ty Is 
compared with the previous value. If Improve
ment (reduction) results, the model (see Fig
ure 10.2) continues to "search" untl I di sl m
provement ls encountered. By repeatedly 
evaluating changes In the dlsutlllty, due to 
new signal settings, an optimal condition, or 
design, can be determined. The optimization 
technique ls also discussed further In the 
next section. 



COWUTATIONAL ALGORITif4S 

From the foregoing discussion, it might ap
pear that the computations of the SIGOP I 11 
model, while numerous, are somewhat trivial. 
This Is not the case. Several sophisticated 
techniques are employed in both the traffic 
submode! and the optimization submode!. In
deed, the calculation of splits is of inter
est as wel I. Once the signal timing has been 
completed for any given iteration, the traf
f le submode I Is entered to obta In the meas
ures of effectiveness (MOE) fol lowed by the 
optimization process. The salient computa
tional algorithms in each of these steps are 
described below, in turn. 

Signal Timing 

Signal timings Input to the traffic submode! 
are cycle length, splits and offsets. The 
cycle length range Is a user Input as is the 
increment of cycle length. Thus cycle length 
is constant for each iteration analyzed. 
Offsets are affected in the opt lmi zation 
process and are discussed later. 

Un I Ike lRANSYT, which a I I ows a I I sp 11 ts to 
vary (subject to the min I mum green con
straint) to achieve the lowest value of the 
objective function, SIGOP 11 I calculates 
min I mum green requirements us Ing Webster's 
method: 

C 1 o. 1) 

where gk = green time required to service 
traf f I c on approach k, 

yk = er itical volume/capacity ratio 
for approach k, 

y = ~yk 
C = cycle I ength, and 
L = total lost time per eye le. 

Then, If the sum of these green times is less 
than the cycle length (e.g., ~gk < C), the 
rema In Ing "slack" time is al located to the 
major movements only in the optimization. 
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Traffic Flow and Measures of Effectiveness 
Ol>E> 

The salient ~E noted previously are delay, 
stops and queue length. The developers of 
SIGOP II I have conducted extensive investiga
tions to relate the offset/split relationship 
of adjacent signals to traffic flow on the 
I ink. The entire process is too complex to 
rel ate here, and Interested readers are re
ferred to Reference 10.3. Critical to al I 
the calculations Is the asslJTlptlon concerning 
platoon dispersion. Robertsons' method (Ref. 
10.6) was found to be satisfactory (see the 
discussion on platoon dispersion in Chapter 
9), but to el lmlnate the recursion relation
ship from the computations (and thus save 
computing time), a series of studies were 
performed to rep lace Robertson's recurs I on 
formula with a direct estiJTE1te of the addi
tional time required to service a pla1oon of, 
say, length N beyond the time the platoon is 
discharging at the saturation flow rate. 
Thus, the total green time required to 
service the bulk of a platoon (e.g., al lowing 
the rel at Ive I y sma I I number of veh I c I es, 
having long headways, at the tall of the 
platoon to be "clipped" off) was derived as 
(Ref. 10. 3): 

V=T -T = 
p Q 

( 1 o. 2) 

2 2 
a

1 
+ a N + a N + L(a +a N+a N) 

2 3 4 5 6 

where V = additional time to service the 
platoon relative to the saturation 
serv I ce rate, 

Tp time for a platoon of length 
N-Nc to pass a point I ocated L 
feet downstream of the signal, 

time required to service a pla
toon discharging at the saturation 
rate (e.g., TQ = Nh, where h is 
the saturation headway In sec/veh) 

a,= constants of regression, 
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N = tota I number of veh l c I es In the 
platoon, 

L di stance to the downstream point, 
or the next stopllne. 

Accord Ing to the deve I oper s, c I ose compar I -
sons resulted from thl s techn lque when com
pared to Robertson's approach. 

This approach el lmlnates the step-wise slmu
latlon used in lRANSYT, thus MJE must be 
calculated determlnlstlcal ly. The current 
version of SIGOP I II calculates delay slml lar 
to Websters method (Ref. 10.7); namely for 
I lght flow: 

D = 

where 

C( 1 - A >2 2 
+ X ( 1 o. 3) 

- AX> 2qc 1-x>' 2( 1 

D = average delay In sec/veh, 

C = cycle length, 

A = proportion of the cycle that ls 
effectively green, 

q = flow rate, 

X = degree of saturation 

s = saturation flow In 
veh/sec; and 

a I I other var lab l es are as pre
v iousl y defined. 

Stops are computed for each of the conditions 
depleted In Figure 10.6, tor example for case 
1 (Ref. 10.3): 

S=al.!:..+ +P +t -t +P
2
), (10.5) 

V 1 i o on 

where S = stops ln veh/sec; 

a = mean queue service rate, 
veh/sec; 

L = llnk length, ft.; 

V = link free flow speed, fps; 

P1 = sum of start-up and accelera
tion lost time for platoon P1; 

Pi = platoon size expressed In 
bandwidths, or sec, tor primary 
(I = 1) and secondary (l = 2) 
platoons; 

t 0 = start of green at upstream 
node; and 

t 0 n = end of green at downstream 
For moderate to heavy flow the revised equa- node. 
tlon ls (Ref. 10.3): 

C(l - Ai2 
D = ----..---- + 

2c1 - Xx> 

IH(µ)X 

2qc 1-x > 
( 10.4) 

where = variance of the number of arri
vals per each cycle divided by 
the average number of arrivals 
per cycle; 

HQ.!) = a complex function of µ , that 
shears Webster's curve through 
the region where the q/s ratio 
ls close to or exceeds 1.0, 
whereµ= (sg-gC)/lsg, 

g = effective green time 
and, 
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S l ml I ar for mu I as were deve I oped and tested 
for each of the other cases. 

The SIOOP Ill documentation ls not clea- as 
to how queue length ls explicitly determined. 
The necessary Ingredients are, however, 
available from the queue profl les depleted on 
Figure 104 and the estlrretes of stops. The 
maximum length ls controlled by the user In 
the parameters Input to the dlsutll ity func
tion. 

Finally, SIOOP Ill has the facility (If the 
user so Indicates) to automatlcal ly examine 
double cycl Ing of signals If the degree of 
saturation does not exceed a threshold, also 
Input by the user. This ls a ·very·convenlent 
method of examln Ing double cycl Ing. 



Optimization SublllOdel 

Most traffic signal optimization rrodels em
ploy some sort of iterative methodology to 
arrive at the optimal design. SIGOP 11 em
ploys a unique approach In Its optimization 
process. 

First, the objective function (dlsutll ity 
function) Is defined as fol lows (Ref. 10.1): 

min 1:Jlj = 1:{o,j + KSlj + 

olDQ(Qmax - z,j>2J, 

R2 

C 10.6) 

where J1j = dlsutlllty on link lj during 
one cycle; 

D1j = delay on link lj per cycle, 
veh-sec; 

Slj = stops on link lj per cycle, 
veh-stops; 

k = user specified equivalence factor 
for stops; 

DQ = user specified equivalence tac-
tor In veh-sec; 

(Qmax 1 lj = est I mated max I mum queue length on 
I Ink lj, In feet; 

R = user specified value of residual 
storage desired on al I I Inks 
beyond (Q ) 

1
. to prevent spl II

back ar Fsfng J from short-term 
fluctuations In volume, In feet; 

= the d I stance from the down
stream stopllne back to the pre
vious Intersection, or L 1. - R, 
where, Lfj = I Ink lengt( and 

= a binary Index which Is zero (0) 
If Q < z

1
. or one (1) If 

max - J 
Qmax > 2 1j• 

The third term, control led by the Index, Is 
not Involved unless the maximum queue 
threatens to sp 111 back Into the upstream 
I ntersectlon. 
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The user controls the objective function 
through his Inputs of the values k, DQ, and 
R. 

The optimization process is algorithmic, 
rather than analytical, thus It Is described 
below In steps. 

Step 1 - Initial Settings - At the beginning 
of a run it Is necessary to arrive at an 
Initial set of signal timings that wll I 
subsequently be revised in the opt 1ml zatlon 
process. The procedure used in SIOOP Ill 
produces a "good" set of timings for the 
network (.I.e., Including offsets). 

a. Transform the network into a ser Jes of 
nodes separated by "I Inks" whose 
11 length" is proportional to the two-way 
volume on the 11 1 Ink" (the developers 
refer to these as arcs). 

b. Using a techn lque developed by Kruskal 
(Ref. 10.8), determine the maximum 
"path" through the network. That Is, 
construct a "tree" which Includes al I 
nodes and Is the maximum "length" of al I 
trees possible. Store the node sequence 
of th Is tree. 

c. For the actua I 
equat Ion ( Eq. 
sp 11 ts. 

network, 
Clo. 1 >, 

use Webster's 
to determine 

d. For each node In turn, construct a mini
network where the current node is the 
central node and It Is connected to any 
adjacent nodes which have al ready been 
processed In thl s manner (e.g., "brought 
in" to the network). 

e. Treating the current central node of the 
mini-network, exercise the optimization 
procedure on the current ml n I-network to 
adjust the signal timing of the current 
(central) node to produce the min I mum 
d I sut 111 ty In the ml n I-network. 

f. Repeat steps 3 through 5 along the span
ning tree determined at step 2 until all 
nodes have been treated. 

This process produces a "good" In ltlal timing 
since the spanning process emphasizes the 
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heaviest traveled links. It thus reduces the 
number of iterations in the network optimiza
tion. 

Step 2 - Ca I cu I ate Traff I c Performance and 
Dlsutl I ity - The Initial settings enter the 
traff I c model and the performance measures 
and the dlsutillty function are computed as 
d I scussed ear I I er. Th Is process Is repeated 
after each change of signal timing from the 
optimization process. 

Step 3 - Grad I ent Search - Mak Ing use of 
the known aspects of the relationship be-
tween traffic operations and control, 
namely that platoons arriving prlmari ly 
during the green will result in the lowest 
delay and stops (see Figure 104), the 
developers of SIGOP 111 establ I shed predic
table relationships between offsets and 
splits. The assumption Is made first that 
the primary platoon always enters the link 
shortly after the beg inn Ing of green at the 
upstream intersection and the secondary 
p I atoon enters short I y after the onset of 
red. By projecting the platoons down
stream, an ideal offset is easily deter
mined tor each I ink. A practical range of 
offsets is also readily calculated, since 
the length of the platoons ( In seconds) is 
known. Within this relatively narrow range 
of alternative offsets (and splits on the 
major links), the optimization submode! 
does a gradient search over a1 I possible 
values of offset and split to achieve the 
minimum network dlsutlllty. 

The last process Is functionally slml lar to 
the h 111 cl I mb process used In TRANSYT; how
ever, the preparation tor entering the search 
Is so highly developed by that point, the 
computer time required to conduct the search 
is greatly reduced. 

The developers do caution, however, that 
there is no guarantee that the true global 
optimum wll I always be achieved. (Note: 
This Is true of al I ''optimization" models 
with the possible exception of MAXBAND, ref. 
14.18) 
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OUTPUT REPCRTS 

There are three general types of outputs pro
vided by SIGOP I I I, several of which are com
prised of more than one table or plot. The 
major outputs are discussed separately below. 

Input Data Report 

The inputs to SIGOP Ill are reported back to 
the user in a ser les of formatted tab I es. A 
Link Data Input Report reflects the geometric 
and traffic data. An example of this report 
is shown in Figure 105. Data In this report 
come from the Identification, Network and 
Link Cards. 

Shorter reports indicate the inputs on the 
Minimum Phase Duration, Coupled Approaches, 
the various Plot, Fixed Offset and Spilt and 
Signal Timing Cards. An example of the Min I
mum Phase Duration report Is shown in Figure 
106. The remaining network-wide parameters 
not specified in Figure 105 are shown in 
Figure 107. 

Table 25 (shown earl ler) Is also output by 
S IGOP 111 tor the conven lance of the user. 

Optl•I Signal Settings 

The signal settings determined by SIOOP Ill 
(or Input by the user If no opt I mi zatlon was 
to be performed) are output In the format 
shown In Figure 108. Note that the order of 
phases is not that to be implemented, but 
rather, phases should be implemented In the 
order I, II, r11 and IV, as applicable. The 
affected links, offset and splits are output 
tor each phase. This permits the relatively 
easy conversion to yield points after cor
recting tor clearance and Interval le11gth. 

Perfor•nce Analysis 

Th Is report shows the d I sut I 11 ty va I ue tor 
each I teratlon of the model, and reports the 
optimal. For example, In Figure 109, "sweep" 
3 was the opt I ma I. Next are gl ven the per-
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SIGOP III JANUARY 31, 1'81 
---------

ALGORITHM TO PROVIDE OPTIMAL, CYCLE-BASED, TRAFFIC SIGNAL TIMING PATTERNS 

FOR THE PERIOD EXTENDING FROM 1630 TO 1730 HOURS 

RUN NUMBER 3 EXECUTED OH V 311981 

ASHLEY DR ARTERIAL ANALYSIS-OPTIMUM CYCLE RANGE PM PEAK 

LINK RECV LNGTH NO L-PK R-PK TRK SPD HDWY LST WT. PRI-VOL SEC-VOL S✓ S-VOL L-TRN R-TRN RED-CLR CODES 
FROM,TO NODE <FT> LN LANE LANE PCT MPH (SECONDS) <VPHJ <VPHJ <VPHJ (VPH) <VPltl (SEC> T L R 

(800, 1) z z 5 1. 9• 3.5• 1. O• 572 0 76 50 

Z, 1) 800 313 z 5 ZS 1. 9• 3.5• 1. O• 644 276 436 12 z 50 z 
1, Zl 3 286 z 5 ZS 1. 9• 3.5• 1. o• 496 zo 1 50 3 

(813, Zl 801 z 5 1. 9• 3. s• 1.0• 751 154 45 276 z z 2 4 

Z, 3) 4 291 3 5 25 1. 9• 3.5• 1.0• 476 792 160 174 1 50 1 5 

(801, Zl 3 z 5 1. 9• 3.5• 1. O• 747 516 231 50 23 6 

3, 2) 286 z 5 25 1. 9• 3. 5• 1.0• 905 1 oz 423 1 50 13 

4, 3) 2 322 3 5 25 1. 9• 3.5• 1.0• 915 143 93 13 3 50 8 

(802, 3) 812 2 1. 9• 3.5• 1.0• 376 211 102 2 2 2 9 

3, 4) 5 292 3 5 25 1. 9• 3.5• 1. o• 1254 Z 11 1 50 50 10 

(811, 4) z 1. 9• 3.5• 1.0• 490 42 143 389 50 2 2 11 

5, 4) 3 272 3 5 25 1. 9• 3. 5• 1.0• 926 -11 1 50 50 12 

4, 5) 6 292 5 25 1. 9• 3.5• 1. O• 1465 389 220 1 50 13 

6, 5) 4 338 3 5 25 1. 9• 3. 5• 1.0• 100 1 40 115 12 2 50 14 

5, 6) 7 237 3 5 25 1. 9• 3.5• 1.0• 1634 5 13 3 50 15 

(809, 6) 803 2 1. 9• 3.5• 1.0• 135 114 40 209 2 2 2 16 

7, 6) 5 243 3 5 25 1. 9• 3.5• 1. O• 931 70 1 50 1 17 

6, 7) 8 348 3 5 25 1. 9• 3.5• 1.0• 1629 209 226 1 50 1 18 

(804, 7) 303 3 5 25 1. 9• 3.5• 1. o• 636 229 70 2 2 2 19 

8, 7) 288 3 5 25 1. 9• 3.5• 1. o• 895 36 1 50 50 20 

7, 8) 806 284 2 5 25 1. 9• 3.5• 1.0• 1623 229 263 12 2 50 21 

(807, 8) 805 2 5. 25 1. 9• 3.5• 1. D• 480 110 36 259 3 3 3 22 

(806, 8) 3 5 25 1. 9• 3. s• 1. o• 1029 134 1 50 1 23 

Figure 105. SIGOP 111 Link Data Input Data Report 

MINIMUM PHASE DURATIONS CSEC) 

HOOE PHASES 
I II III IV 

14 23 0 0 

2 23 23 23 0 

3 14 23 10 0 

4 14 23 0 0 

5 14 23 0 0 

6 14 23 10 0 

7 14 23 0 0 

8 14 10 23 0 

Figure 106. SIGCP ii I Minimum Phase Duration Report 
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NOSC 

NODE 

2 
2 
2 

3 
3 
3 

4 
4 

5 
5 

6 
6 
6 

7 
7 

8 
8 
8 

SPECIFIED NETWORK-WIDE PARAMETERS 

CYCLE LENGTHS- MINIMUM= 70 SEC. MAXIMUM= 78 SEC. INCREMENTAL CHANGES= 2 SEC. 

CODE FOR DOUBLE-CYCLING= 1 

NETWORK-WIDE START-UP LOSS•3.5 SECONDS DISCHARGE HEADWAY=1.9 SECONDS 

WEIGHT ASSIGNED TO VEHICLE STOPS IS 5 

VALUE OF PERCENT SATURATION BELOW WHICH A NODE MAY BE DOUBLE-CYCLED IS 25 PERCENT 

MIN. DURATION OF HALVED CYCLE LENGTH IS SEC. 

MIN. DURATION OF MIHOR PHASES IS 10 SEC. 

THE MAXIMUM DISUTILITY ARISING FROM A QUEUE EXTENDING THE FULL LENGTH OF A LINK IS 200 YEH-SECONDS CEQUIY.l 

RESIDUAL STORAGE THRESHOLD IS 90 FEET 

SATURATION CODE= 0 CONTINUITY CODE=25 CONVERGENCE CODE= 4 PROCESSING CODE=O 

SECONDARY VOLUME OH LINK C 2, 3l IS TOO HIGH. CONTINUITY VIOLATED BY 65 PERCENT 

HUMBER OF OUTPUT COPIES- 1 

ADDITIONAL RUNS CIF ANY) WILL APPLY THE FOLLOWING PERCENTAGES OF THE INITIAL VOLUMES• 

THERE WERE A TOTAL OF O INPUT ERRORS 
20 20 

Figure 107. SIGOP I I I Network wide Input Data Report 

NETWORK-WIDE SIGNAL SETTINGS 

SWEEP HUMBER 3 

PHASE APPROACH LINKS OFFSET DURATION SPLIT CYCLE 
CSECl CPCT> (SEC. I (PCT.I CSEC. I 

I (800, 1) 2, 1) 12 C 17 l 36 51 70 
II C 2, 1) 48 (69) 34 49 70 

I C 1, 2) 3, 2) 37 (53) 23 33 70 
II (813, 21 60 (861 24 34 70 

III C 3, 21 (801, 2) 14 C20 I 23 33 70 

I C 2, 3) .... 3) 10 C 14 l 32 46 70 
II (802, 31 42 (60) 28 40 70 

III C 4, 3) 0 ,,. C O) 10 14 70 

I C 3, 41 5, 4) 6 C 91 33 47 70 
II (811, 4) 39 (561 37 53 70 

I 4, 5) 6, 5) 28 (40 I 42 60 70 
II 6, 51 0 C 01 28 40 70 

I C 5, 6) 7, 6) 10 C 14) 27 39 70 
II (809, 6) 37 (53) 33 47 70 

III ( 5, 6) 0 C 01 10 14 70 

I C 6, 7) 8, n 36 (51 l 46 66 70 
II (804, 7) 12 (17) 24 34 70 

I C 7, a, C806, 8> 54 C771 37 53 70 
III (807, 8) 31 (44) 23 33 70 
II ( 7, 8> 21 (30) 10 14 70 

THE FIRST TWO PHASES ARE THE MAJOR PHASES SERVICING THE INDICATED APPROACHES 

THE REMAINING PHASES CIF ANY) ARE THE MINOR PHASES 

Figure 108. SIGCP 11 i Optimal Signal Settings Report 
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0 ,MAJR 
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O,MAJR 
0 ,MAJR 

O,MAJR 
0 ,MAJR 

O,MAJR 
O,MAJR 
0 ,MIHR 

0 ,MAJR 
O,MAJR 

0 ,MAJR 
0 ,MAJR 
O,MIHR 
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SYSTEM DISUTILITY 

SWEEP DISUTILITY 

93009 

36746 

20314 

20469 

42171 

32091 

38263 

SWEEP HO. PROYIDES MINIMUM DISUTILITY, 20314, AT A CYCLE OF 70 SECONDS 

YEHICLE-MILES/HOUR= 963. 9 YEHICLE-HOURS/HOUR= 55. 4 MEAN SPEED= 17. 39 11. P. H. STOPS/MINUTE= 24 

LINK YOLUME EFF. SPEED DELAY STOPS CAPACITY PERCENT MAXIMUM FUEL 
FROM, TO CP.C.U./HR. J CM.P.H. > CSEC./P.C.U.l (PER MIN.> CP.C.U./HR.l SATURATION QUEUE CGAL ./HR. J 

2, 1) 

1, 2) 

2, 3) 

HORIZONTAL SCALE 
YERTICAL SCALE 

1) 

KENNEDY I 2) 

"'ADI SONI 3) 

TWIGGS I 4) 

5) 

POLK! 6) 

CASSI 7) 

TYLER I 8> 

976 

526 

1559 

16 .2 

17. 7 

14. 9 

Figure 109. 

4. 7 3.4 4474 22 4 

3.2 0. 0 1646 32 2 

5.4 2 .6 2366 66 

SIGOP 111 Perfornance Report 

ASHLEY DRIYE ARTERIAL TIME SPACE PLOT USING SIGOP II 

286 

577 

86' 

1161 

1398 

1746 

2030 

INCH= 30 SECONDS CYCLE LENGTH= 70 SECONDS PHASE A - BLANK PHASE C - • • • !LAG) 
INCH= 500 FEET PHASE B - PHASE D - ••• <LEAD) 

TIME (SECONDS> 
0 30 60 90 120 150 180 210 Z40 Z70 

-+---------+---------+---------+---------+----... ----+---------+---------+---------+---------+---
I 

o+==== 
I 
I 
I 

I --------1 
I 
I 
I 
I I 

t:::::NNNNNNN 
I 

::::::::tOOOfNNN :::: ::::NNNNNIUf ::::::::IOOOfNNN ====I 

I 
500+ 

INNN 
I 
I 
I 
I 
1== 
I 

1000+ 
I 
I 

---------NNM 

r========= 
I 
I 
I 
INNN 

1500+ 
I 
I 
I 
I 
I 
I 
I 

2000+ 
I 
I 
I 
I 

-----------··· 

... --------

---------··· 

-----------··· -----------··· 

... -------- ... -:;:------

F lgure 110. SIGCP 111 Tlm&-Space Plots 
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tormance va I ues for each I ink and the network 
tota I. The ~E are: 

o Volume (vph) 
o Average Speed (mph) 
o Delay (sec/veh) 
o Stops (per minute) 
o Capacity (vphg) 
o Degree of Saturation C %> 
o Maximum Queue (veh) 
o Fuel Consumption (gal/hour) 
o Total Emissions (16/hu.) 

- Hydrocarbons 
- Carbon Monoxide 
- NI tr I c Ox I de 

Finally, the user specified time-space plots 
are issued, as ii lustrated in Figure 110. 

Diagnostic Messages 

SIGOP Ill performs extensive checks on the 
Input data to Identity obvious errors. Dur
ing execution of the model other errors may 
be detected, such as excess! ve saturation. 
There are a total of 52 error messages in the 
I I brary. Some of these a I so adv I se the user 
on a course of action, it applicable. In al I 
cases, the messages, cause and correct Ive 
action required are wel I documented (Ref. 
1 o. 1). 

ADDITIONAL FEATURES 

As already noted, SIGOP I I I can handle multi
phase sl gna Is ( up to four phases) and can 
automatlcal ly Investigate the advantage of 
double cycling signals that have a low degree 
of saturation (thus extensive delay, stops 
and queue length). 

SIGOP 111 can be used purely as an analysis 
tool to evaluate alternative timing plans 
der I ved from sources other than the SI GOP 11 I 
optimization or to examine alternative pat
terns. Naturally, the user must code and run 
each alternative and evaluate the results 
manually. 

Up to five runs may be executed per cycle 
length with no I imit on the number of cycles 
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optimized. This enables the user to Investi
gate the effect of changing trend In traffl c 
demand. Although limited to 80 signals and 
230 links, the documentation describes how to 
expand the capacity of the program. 

APPLICATIONS AND LIMITATIONS 

S IGOP 111 Is a powerf u I design and anal ys Is 
tool tor the engineer concerned with coordin
ated signal systems. Functionally, both 
SIGOP 111 and TRANSYT are quite slmi lar, both 
with unique properties not available In the 
other. For examp I e, inc I us I on of max I mum 
queue length In the objective function Is an 
Important advantage In SIOOP 111. 

There are several Items that wou Id be con
s I dered as Ii mi tat Ions In SI GOP I 11. These 
are listed below. 

1. The 11 ml tat Ion to tour phases In the 
cycle cannot adequately serve some users. 
Up to sl x phases are not uncommon In many 
systems. 

2. There is no provision tor bus links In a 
SIOOP 111 analysis. 

3. Perm Issi ve and unprotected turns are not 
addressed exp I lcltly by SIGOP 11 I. Whl le 
this Is true of other models, the user Is 
often ab I e to 11 nodel" such cond I tlons by 
restricting the capacities of such move
ments. This Is not possible in SIOOP I I. 
However, permissive and unprotected turns 
are accounted for within the model. 

4. The model does not explicitly deal with 
minor Intersections (e.g., stop sign con
trol ) • 

In summary, SIOOP Ill has, as do all traffic 
models, several I Imitations and di sadvan
tages. Nonethe I ess, the comp I ex I ty of the 
opt I ml zatlon techn lque makes thl s model some
what faster In terms of runn Ing time. The 
multiple cycle length capabll lty Is clea"ly 
an asset, wh I ch can save the des I gner a con
s I derab I e anount of time that would ordinar
ily be spent In generating numerous Jobs. 
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z ► z 
0 0 0 Ill 
Ill Lal Ill Ill 0: 

"' z c Ill "' "' Ill Lal 
0 z i 0 ..J Ill ..J 

"' Lal 4( "' 0 "' ► .., "' :I! ... N Q. 0 ... 
Figure 111. SIGOP I 11 Link-Node Diagram Ashley Dr Ive 

EXAMPLE APPLICATION 

The previous Ashley Drive arterial signal 
system was used to I I I us tr ate the app I I cat ion 
of SIGOP Ill. The following describes the 
use of SIGOP 111 for this existing signal 
system. 

Problem Description 

As with the previous examp I e the bas I c 
problem is to determine if a change in signal 
timing can be implemented along Ashley Drive 
that will result in improved traffic opera
tion. SIGOP I ii wil I be used to model exist
ing signal timing and develop alternate 
signal timing plans for evaluation. 

Analysts of Existing Conditions 

The first step was the preparation of a I ink
node map to ass I st in cod Ing the network. 
This diagram is shown In Figure 111. Unlike 
TRANSYT, which uses a link number, SIGOP 
defines a I Ink by the two connecting nodes or 
intersections. A total of 15 external nodes 
{external traffic sources and/or traffic 
exits) were used with eight Internal nodes, 
or Intersect Ions. A tota I of 32 one-way 
I Inks were used to descr lbe the street sys-
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tern. The existing conditions were coded on 
standard forms wh I ch are ava I I ab I e from the 
Implementation Division {HDV-21) of FHWA. 
The forty (40) I Ines of ccxled Input data re
quired to reproduced existing conditions is 
shown on Figure 112. 

The data were keypunched and the data deck 
submitted for model execution. Figure 113 
ii lustrates the output obtained for existing 
cond It Ions. 

Define and Analyze Alternatives 

Once the existing conditions have been coded, 
and results from the model have been accepted 
as representative of the exist Ing operations, 
the data can be rrod If I ed to def I ne al terna
t ives. In order to define and obtain alter
native sf gnal timing plans oni y two cards 
need to be changed: (1) the Identification, 
or title card, and (2) the network control 
card. For the purposes of this examp I e ap
p Ii cation signal optimization runs were re
quested for each even cycle length between 70 
seconds and 98 seconds (as was done tor 
TRANSYT-7F). 

Figure 114 shows the performance table tor 
the opt I mum 88 second eye I e. SI ml I ar tab I es 
were obtained for each cycle I ength. 
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Figure 112. C.Oded SIGOP 111 Input Data for Ashley Drive (Existing Conditions) 
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LINKCAADS 
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Figure 112. Coded SIGOP I I I Input Data for Ashley Drive (Existing Conditions). (Continued) 
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NOOE SEQUENCE CARD 

SIGNAL TIMING CARD 

END-Of-RUN CARD 

Figure 112. Coded SIGOP Ill Input Data for Ashley Drive (Existing Conditions) (Continued). 
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SIGOP III JANUARY 3 1, 1981 
---------

ALGORITHM TO PROVIDE OPTIMAL, CYCLE-BASED, TRAFFIC SIGNAL TIMING PATTERNS 

FOR THE PERIOD EXTENDING FROM 1630 TO 1730 HOURS 

RUN HUMBER 1 EXECUTED ON V 8/1981 

ASHLEY DR ARTERIAL ANALYSIS- EXIST. CONDITIONS PM PEAK 

LINK RECV LNGTH HO L-PK R-PK TRK SPD HDWY LST WT. PRI-VOL SEC-VOL S✓ S-VOL L-TRN R-TRN RED-CLR cbDES 
FROM, TO NODE CFTl LN LANE LANE PCT MPH (SECONDS> CVPHl CVPHl CVPHl CVPHl CVPHl CSECl T L R 

(800, 1) 2 2 5 1. 9• 3.5• I.OM 572 0 0 76 1 50 

2, 1) 800 313 2 5 25 1. ,. 5.5• 1. o• 644 276 456 12 2 50 2 

1, 2) 3 286 2 5 25 1.9• 3.5• 1. o• 496 20 0 1 50 3 

(813, 2) 801 2 5 1. 9• 5.5• t.O• 751 154 45 276 2 2 2 4 

3, 2) 286 2 5 25 1. 9• 3.5• t.O• 905 102 423 1 50 13 5 

(801, 2) 3 2 5 1. 9M 3.5• 1. O• 747 516 231 0 50 23 6 

2, 3) 4 291 5 25 1. 9• 5.5• t.O• 476 792 160 174 1 50 1 7 

4, 3) 2 322 3 5 25 1. 9M 3 .s• 1.0• 915 143 93 0 13 50 8 

(802, 3) 812 2 1.9• 3.5• 1. O• 376 211 102 2 2 2 9 

3, 4) 5 292 3 5 25 1. 9• 3.5• 1. o• 1254 211 0 1 50 50 1D 

(811, 4) 2 1. 9• 5.5• t.O• 490 42 143 389 5D 2 2 11 

5, 4) 3 272 5 5 25 1. 9• 3.5• 1. o• 926 - 11 0 1 SD 50 12 

4, 5) 6 292 3 0 5 25 1.9• 3.5• 1. O• 1465 389 D 22D 1 50 1 13 

6, 5) 4 338 3 5 25 1. 9• 3.5• t.O• 1001 4D 115 D 12 2 50 14 

5, 6) 7 237 3 5 25 1.9• 3.5• 1. D• 1634 5 D 13 SD 15 

(809, 6) 803 2 1. 9• 3.5• 1.0• 135 114 40 2D9 2 2 2 16 

7, 6) 5 243 3 5 25 1. 9• 3.5• t.O• 931 70 D 1 50 1 17 

6, 7) 8 348 3 5 25 1, 9• 3.5• 1. o• 1629 209 226 1 50 1 18 

(804, 7) 808 3 5 25 1, 9• 3.5• t.D• 636 229 70 2 2 2 19 

8, 7) 6 28& 3 5 25 1. 9• 3.5• 1. O• 895 36 0 0 1 5D SD 2D 

7, 8) 806 284 2 5 25 1. 9• 3.5• 1. o• 1623 229 263 D 12 2 50 21 

(807, 8) 8D5 2 5 25 1. 9M 3.5• 1. DM 480 110 36 259 0 3 3 3 22 

(806, 8) 7 3 5 25 1. 9• 3.5• 1. O• 1029 0 134 1 50 1 23 

MINIMUM PHASE DURATIOhS CSECl 

NODE PHASES 
I II III IV 

14 23 

2 23 23 23 

3 14 23 1D 

4 14 23 

5 14 23 

6 14 23 1D 

7 14 23 

a 14 1D 23 0 

Figure 113. SIGOP II I Output Report for Existing Conditions on Ashley Drive. 
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SPECIFIED NETWORK-WIDE PARAl'IETERS 

CYCLE LENGTHS- l'IIHil'IUl'I= 90 SEC. l'IAXIl'IUM= 90 SEC. IHCREl'IEHTAL CHANGE$•10 SEC. 

CODE FOR DOUBLE-CYCLING = 1 

NETWORK-WIDE START-UP LDSS•3.5 SECONDS DISCHARGE HEAOWAY•1.9 SECONDS 

WEIGHT ASSIGNED TD VEHICLE STOPS IS 5 

VALUE OF PERCENT SATURATION BELOW WHICH A NODE PIAY BE DOUBLE-CYCLED IS 25 PERCENT 

l'IIN. DURATION OF HALVED CYCLE LENGTH IS SEC. 

PIIN. DURATION OF PIINDR PHASES IS 10 SEC. 

THE PIAXIPIUM DISUTILITY ARISING FROM A QUEUE EXTENDING THE FULL LENGTH OF A LINK IS 200 VEH-SECONDS <Eeun. l 

RESIDUAL STORAGE THRESHOLD IS 90 FEET 

SATURATION CODE• CONTINUITY CODE•25 CONVERGENCE CODE• 4 PROCESSING CODE•O 

MWARNINGM SECONDARY VOLUPIE ON LINK t 2, 3) IS TOD HIGH. CONTINUITY VIOLATED BY 65 PERCENT 

PRDGRAPI WILL DETERPIINE NETWORK DISUTILITY FOR THE FOLLOWING SIGNAL TIPIING 

SPECIFIED SIGNAL TIMING PATTERN 

NODE NUMBER OFFSET REF. DURATION OF DURATION OF DURATION OF DURATION OF 
TD PHASE I PHASE I PHASE II PHASE Ill PHASE IV 

<SEC> (SEC> (SEC> (SEC> 

0 26 64 

2 52 27 40 23 

3 40 47 29 14 

41 52 38 

39 63 27 

59 48 28 14 

63 64 26 

8 52 38 29 2S 

NUl'IBER OF OUTPUT COPIES- I 

ADDITIONAL RUNS <IF ANY) WILL APPLY THE FOLLOWING PERCENTAGES OF THE INITIAL VOLUPIES- • 
••• THERE WERE A TOTAL OF 0 INPUT ERRORS • •• NOSC 

NETWORK-WIDE SIGNAL SETTINGS 

SWEEP NUMBER 1 

NODE PHASE APPROACH LINKS OFFSET DURATION SPLIT CYCLE CONGEST 
(SEC> (PCT> (SEC.> <PCT. l <SEC. l ( 1,1) 

I (800, t) 2, I) 47 (52) 26 29 91 1,IIAJII 
II ( 2, t) 73 (81) 64 71 .. 1,IIAJII 

2 I ( 1, 2) 3, 2) 52 (58) 27 30 ,. l,IIAJII 
2 II (813, 2) 79 (Ba) 40 44. ,. t,l'IAJII 
2 III ( 3, 2) cao,. 2) 29 (32 > 23 26 90 t,l'llNII 

3 I ( 2, 3) 4, 3) 40 (44) 47 52 ,. 1,IIAJII 
3 II (802, 3) 87 t 97 > 29 32 .. 1,l'IUII 
3 III ( 4, 3) 26 (29) 14 16 .. 1,l'IINII 

I ( 3, 4) 5. 4) 41 (46) 52 58 .. 1,l'IAJII 
II (111, 4) 3 ( 3) 38 42 .. 1,IIAJII 

5 I 4, 5) 6, 5) 39 (43) 63 71 " 1,IIAJII 
5 II 6, 5) 12 ( 13) 27 30 ,. 1,l'IAJII 

6 I ( 5, 6) 7, 6) 59 (66) 41 53 ,. 1,l'IAJII 
6 II (809, 6) 17 ( 19) 28 31 ,. 1,l'IAJII 
6 III ( 5, 6) 45 (50) 14 16 .. 1,l'llNII 

I ( 6, 7) 8, 7> 63 (70) 64 7 1 ,0 1,NAJII 
II (10ft, 7) 37 (41) 26 2' ,. 1,NUII 

8 I ( 7, 8) (806, 8) 52 (58) 38 42 .. 1,l'IAJII a III (807, 8) 29 (32) 23 26 .. 1,l'IUII 
8 II ( 7, 8) 0 ( 0) 29 32 ,0 l,l'IINII 

THE FIRST TWO PHASES ARE THE t1AJDR PHASES SERVICING THE INDICATED APPROACHES 

THE REl'IAINING PHASES !IF ANY> ARE THE PIINDR PHASES 

Figure 113. SIGOP Ill Output Report for Existing Conditions on Ashley Drive (Continued). 

204 



SIGOP III 

SYSTEII DISUTILITY 

SWEEP DISUTILITY 

83120 

SWEEP NO. 1 PROVIDES IIINIIIUII DISUTILITY, 83120, AT A CYCLE OF 90 SECONDS 

VEMICLE-IIILESIHOUR= 963. 9 VEHICLE-HOURS/HOUR= 83. 0 IIEAN SPEED=11.61 l'I. P. H. STOPSll'IINUTE= 102 

LINK VOLUIIE EFF. SPEED 
FROII, TO IP.C.U.IHR.l 111.P.H. l 

2, 1) 976 17. 0 

1, 2) 526 18.1 

3, 2) 1180 12.2 

2, 31 1559 11. 9 

•• JI 1122 6. 1 

3, •1 1553 20. 0 

5, •1 971 5.0 

•• 5) 2023 13. 9 

6, 51 1103 18.1 

,. 61 1732 17. 0 

7, 61 1061 21.2 

6, 71 2008 8. o 
8, 7l 987 11 .8 

7, 81 1963 12. 6 

DELAY STOPS 
(SEC.IP.c.u.) !PER l'IIN. > 

4. 0 2. 7 

3. 0 o. 0 

8.2 4. 0 

8. 1 2. 7 

27 .4 2. 0 

2.0 13.3 

29.8 11.3 

6.4 18. 7 

3.5 2.0 

3. 0 0. 0 

1.2 0. 7 

20. 3 41.3 

3.2 o. 0 

7 .6 3.3 

CAPACITY 
(P.C.U.IHR.) 

4960 

1520 

2000 

2800 

3920 

3120 

3120 

3800 

6000 

3960 

2840 

5160 

3880 

3240 

PERCENT 
SATURATION 

20 

35 

59 

56 

29 

50 

31 

53 

18 

44 

37 

39 

25 

61 

MAXIIIUM FUEL 
QUEUE (GAL .IHR. I 

11 

8 

10 

16 

TOTAL FUEL CDNSUIIPTIDN FDR THIS TIIIING PLAN IN GALLONS PER HOUR IS 95. 

TOTAL EMISSIONS FOk THIS TIIIING PLAN 

HYDROCARBONS 19 POUNDS I HOUR 
CARBON IIDNOXIDE 202 POUNDS / HOUR 
NITRIC OXIDE 7 POUNDS I HOUR 

EIIISSIONS WILL INCREASE AS THE 
AIIBIENT AIR TEIIPERATURE DROPS 
BELOW 80 F AND AT ELEVATIONS 
ABOVE 4000 FT. 

El'IISSIDNS WILL BE LOWER IN CALIFORNIA. 

ASHLEY DRIVE ARTERIAL Til'IE SPACE PLOT USING SIGOP II 
HORIZONTAL SCALE 
VERTICAL SCALE 

INCH= 30 SECONDS CYCLE LENGTH= 90 SECONDS 
INCH= 500 FEET 

PHASE A - BLANK PHASE C - ( LAG) 
PHASE B - PHASE D - ••• (LEAD> 

1) 

KENNEDY I 21 

l'IADISON< 31 

TWIGGS( •1 

51 

POLK< 61 

CASS( 71 

TYLER( 81 

Figure 113. 

216 

577 

869 

't6t 

1398 

170 

2030 

Til'IE (SECONDS> 
0 30 60 90 120 150 180 210 240 270 -+---------+---------+---------+---------+---------+---------+---------+---------+---------+---

I 
O+ :::::::::::::::::::::::::::::::::: :::::::::::::::::::::: ::::::::::::::::::::::::::: ::::::::::::::: :::::::::::::::::: ::::::::::::::::::::::::z:::::::::::::::::: 

I 
I 
I 
I 
1----------JIINNNNNN .. ----- .............. -111NNNNNN .......................... -NNNNNNN 

I 
I 

500+ 
1---------NNNN .................. -wNNN ...... .............. NtOIN 

I 
I 
I 
I 
I ::::::::::::: =======----== ::::::::::::: 
I 

tOOO+ 
I 
I 
I ========= 
I 
I 
I I .................. NNNNN .................. NNNJIIN .................. tOfNNN 

1500+ 
I 
I 
I 
I ========= ========= 
I 
I 
I 

2000+ 
I. •••...... ======= •••••••••• ------- •••••••••• -------
1 
I 
I 

BEST CYCLE LENGTH SD FAR IS 90 SECONDS 

I 
=========! 

I 
I 
I 
I 

=======! 
I 
I 
I 

::::1 
I 
I 
I 
I 

==I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•.. I 
I 
I 
I 

SIGOP I I I Output Report tor Existing Conditions on Ashley Drive (Continued). 
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11 207S0 

SWEfF NO. F POVI0£S MINI•u• D fSUTILl!Y, 16066, IT I, CYCL£ OF IS SECONDS 

VEHICLl--HOURS/HOL'R: SJ.l STCPS/MINUTr: JC 

LH• VOLU'4f £FF• SHED DEL IY STOPS CIPICITY PERCfNT 
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SIGOP II I Performance Table tor Optimal Cycle Length (88 Seconds) 
for Ashley Drive. 

206 

I 
I 
I 



SIGOP III 

Table 26 - Comparison of SIGOP II I Alternatives For Ashley Drive 

Fuel 
Cycle Mean Stops Consumption 

Alternative Length Disuti I itt Veh-Hrs Seeed Cmeh> eer min. (Gals.) 
Existing 90 83,120 83.0 

1 70 20,314 55.4 
2 72 21,050 54.7 
3 74 24,203 56.4 
4 76 19,753 56.0 
5 78 18,715 54.6 
6 80 30,488 60.9 
7 82 31,544 60.0 
8 84 23,764 56.3 
9 86 16,472 54.2 

10 88 16,466 53.7 
11 90 26,800 58.0 
12 92 21,874 56.2 
13 94 19,417 54.5 
14 96 28,519 59.3 
15 98 53,045 69.5 

Evaluation of Results 

Table 26 provides a comparison of the measure 
of effect I veness (MOE 1 s) obta lned tor each 
two second eye I e I ength which was eva I uated 
between 70 and 98 seconds, as wel I as the 
existing 90 second cycle length. 

Un 11 ke 1RANSYT-7F, wh I ch Ind I cated that as 
cycle length Increases the stops, delay and 
travel time generally Increases, the ~E•s 
for SIGOP I I I signal timing plans varied, but 
with minimum dlsutll lty occurring for the 88 
second cycle. The next best cycle length was 
86 seconds, fol lowed by 78 seconds and 94 
seconds. 

The optimum plan developed by SIGOP 111 re
sulted In a reduction of 35% in arter !al 
vehicle hours of travel and a 70% reduction 
In stops per minute (from 102 to 30). Most 
significant was a reduction in fuel consump
tion of from 85 ga Is/hr. to 75 ga Is/hr. or 
21%. 

S...ary of Work Effort Required 

The fol lowing summarizes the effort required 
to use SIGOP I II for this problem. 
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11.61 102 95 
17.39 24 75 
17.61 30 74 
17.10 30 75 
17.22 17 75 
17.64 21 73 
15.83 29 77 
16.05 33 77 
11.11 30 74 
17.80 16 74 
17.96 30 75 
16.61 30 75 
17 .14 22 74 
17.68 27 73 
16.26 28 78 
13.87 54 85 

Data Collection - The data required for SIOOP 
111 was readily available from the city's 
f I I es. 

Data Coding Data coding was rather 
straightforward. The exception was traffic 
volumes, which required some manual manlpula
t ion. However, the exist Ing conditions data 
were coded within approdmately two hours, 
with less than one hour required for identi
fying and correcting cod Ing errors. Two runs 
were required to obtain final data. 

Comeuter Time - Execution time on the 18-1 
360/370 varied from 0.72 seconds for existing 
cond I tions to between 5 and 6 seconds for 
each optimization run per cycle length eval
uated. A total of 1.4 minutes of CPU time 
was required to evaluate the 16 alternatives. 
A minimum of 258k of core storage was used. 
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CHAPTER 11- NETSIM (NETWORK SIMULATION MODEL) 

The majority of traffic operations rrodels 
described in this Handbook are of the macro
scopic type. Many models serve the dual pur
pose of ana I ys is ( i.e., si mu I at Ion) and 
design ( I.e., optimization). Those which 
perform macroscopic simulations or determin
istic estimates (e.g., SOAP, 1RANSYT-7F and 
SIGOP Ill) contain deterministic traffic flow 
models that are based on theoretically ac
ceptable traffic behavioral concepts. These 
necessarily only predict what might be 
referred to as "average cond I tlons" because 
they assume horrogeneous, non-vary Ing traff I c 
operations. Such predictions are often 
acceptable for analyzing signal design and 
geometr le cont i gurations for the purposes of 
evaluation of various alternatives. 

Frequently, however, the engineer needs to 
analyze potential designs rrore rigorously 
than the macroscopic rrodels are able to 
achieve, or they need to consider the sto
cha st i c variations of traffic flow. Addi
tionally, a highway network may contain a mix 
of geometric, control and traffic management 
strategies which exceed the capabi I I ties of 
the macroscopic 11Ddels (such as real-time 
control systems or bus stop placement). In 
such cases, the only viable evaluation tech
niques are microscopic simulation and empiri
cal studies. Empirical studies are often 
impractical (e.g., due to the cost, time and 
potentially undesirable permutations to traf
fic involved), but more significantly, the 
evaluation of alternatives process Is usually 
part of the design phase where the engineer 
is searching for the appropriate design to 
Implement. Thus the empirical method Is 
automatlcal ly eliminated (except, perhaps, to 
perform a post-implementation vs. pre-imple
mentation evaluation). 

Microscopic simulation Is the logical choice. 
This class of model Is necessar I ly more com
p I ex than macros cop I c rrode Is, both In terms 
of computations and data management, as wel I 
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Figure 115. Arterial Signal System 

as Input requirements. One such model, the 
TEXAS model, has al ready been discussed In 
Chapter 5. TEXAS is a single, Isolated in
tersection model. Obviously, the vast major
ity of intersections in an urban area form 
networks in which the signal lzed (and unslg
nal lzed, for that matter) intersections are 
lnterrelated--that ls, the operation of one 
intersection influences the operation of 
others adjacent to It, and vice versa. 

One of the first successful large scale net
work microscopic simulation models was the 
_!!:ban Traff I c Control _iystem model, referred 
to as UTCS-1 (Reference 11.1), developed by 
Peat, Marwick, Mltchel I and Co., for FHWA 
based on two earl ler models, DYNET and TRANS. 
The rrodel was extended by KLD and Associates 
(and others) for FHWA and the nalll9 of the ex
tended model was changed to NETS IM to reflect 
its new characteristics as part of the 1RAF 
family (see Chapter 14 and Ref. 10.2-10.7). 

NETSIM can evaluate any configuration of an 
urban network, Including any normal form of 
traffic control at the Individual intersec
tions. The rrodular format enables analysis 
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of extremely flexible design configurations 
and strategies. Inputs are extensive, but 
standardized to a large degree. Most Input 
parameters have bui It-In default values to 
minimize local cal ibratlon. 

NETS IM Is des I gned pr I mar I ly to prov I de the 
engineer with a powerful analysis tool to 
test complex network problems. It is parti
cularly wel I suited for analysis of dynami
cally controlled (I.e., real-time) traffic 
control systems, which cannot be analyzed 
macros cop I ca I I y because of the h I gh I y var i
ab I e nature of their operation (analysis of 
real-time control systems requires special 
progra11111ing of the particular real time logic 
to be simulated, as discussed later). 

The original development of NETSIM was Ini
tiated by the Office of Research, Federal 
Highway Administration (FHWA) and FHWA will 
both disseminate and maintain the nodal. 
Thus, the utility and useful lite of the 
mode I can be expected to be both current and 
rel I able. 

MOOEL DESCRIPTION 

NETSIM, which Is an abbreviation (see explan
ation of the naming of lRAF models In Chapter 
14) tor NETwork SIMulatlon model, composed of 
the pref Ix NET tor surface street network ar,d 
the suffix term SIM for microscopic 
simulation. It is written In FORlRAN IV tor 
IBM OS/360/370 and CDC 6600 computer systems. 
The current version conta Ins 74 separate 
routines with a total of approximately 11,000 
executab I e FORlRAN statements and 84 data 
blocks. The total program length, Including 
conments, continuations, etc., Is 14,000 
records. The core requirement varies 
sl lghtly, but ( IBM) computers with 280k bytes 
should be able to execute NETSIM with 
overlays. (Note: As of this writing, the 
preprocessor subroutine Is very I ong and may 
not compile on many computer systems. A 
modified version Is being developed which 
w 11 I overcome th Is prob I em.) 
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Table 27 -
Major Features of NETSIM Model 

MICROSCOPIC, STOCHASTIC SIMULATION OF 
INDIVIDUAL VEHICLE M:>VEMENTS 

SIMULATION OF FULL RANGE OF CONTROL 
FEATURES, INCLUDING: 

- "Stop" and "Yield" S lgns 
- Turn Controls 
- Par kl ng Centro Is 
- Fixed-Time Signals 
- Vehicle-Actuated Signals 
- Real-Time Traffic Control and 

St.rvel I lance Systems 

MODULAR SlRUCTURE INCffiPCRATING DETAILED 
TREATMENT OF: 

- Car Fol lowing Behavior 
- Network Geometry 
- Grades 
- Bus Traff I c 
- Queue Formation 

Intersection Discharge 
- Intra-Link Friction and Mid-Block 

Blockages 
- Pedestrian-Vehicular Conflicts 

PROVISION FOR FLEXIBLE MIX OF STANDARD 
OUTPUT MEASURES 

Execution time is highly variable. It de
pends upon the number of I inks, nodes and 
vehicles to be simulated. Depending on the 
complexity, the efficiency may range from 
about 1: 13 ( seconds of computer t I me to sec
onds of simulated time) to nea-ly 1:1, but 
averages about 1 :2 on large applications. 
CI ear I y, I arge, comp I ex systems w 111 require 
extensive computer time (although run time Is 
much better on CDC and Burroughs computers). 
Run time is most sensl tlve to the number of 
vehicles simulated. 

The node I Is based on a ml croscop I c sl mu la
t Ion of Individual vehicles which are noved 



through the system along the links, according 
to spec If I ed controls at nodes ( Intersec
t ions), stochastlcal ly determined turning 
movements and deterministic car follo.iting. 
No set paths are modeled as turning movements 
are purely random. 

The model can investigate a wide mix of traf
fic control and traffic nenagement strate
gies, including fixed or actuated signal con
trol, and sign control; special-use (I.e., 
turn) and genera I-use I anes; and standard or 
channel I zed geometrics. 

The capacity of the model may be expressed in 
the maximum number of nodes (99), I inks (160) 
and veh I c I es ( 1600 In the neiwork at any 
Instant). 

The model contains iwo nejor modules which 
are: 

o Preprocessor - reads and checks Input 
data 

o Simulator - the main simulation model 

NETSIM 

discharge rates, etc., must be input for the 
traffic movements along each I ink and through 
each Intersection approach. 

The input data may be classlfled In two ways. 
First, a distinction Is made beiween char-ac
ter I st lcs wh I ch are consi dared to be "I oca
t ion-spec If i ed", that is unique to a partlcu
I ar I ink (or node), or ''neiwork-w Ide" con
stants that apply to al I points within a 
neiwork. 

A further distinction is made for those two 
types of data that they may be expressed in 
the model either as exogenous or embedded in
puts. Exogenous inputs must be specified by 
the user for each app I I cat ion, and nKJst be 
read into the model using input control 
cards. Embedded Inputs are directly incor
porated within one or more of the neln simu
lation routines. The embedded data nay be 
changed to suit the user's particular 
requirements. 

The fol I ow Ing Is a Ii st of the card lnp ut 
requirements grouped by function for the 
NETSIM model (some of these being optional): 

o Identification cards - title and neiwork 
INPUT REQUIREMENTS name cards 

In I I ght of the comp I exi ty of the 11Ddel' s 
capabilities, the developers have strived to 
make the user's task of providing the neces
sary Inputs as simple as possible. They have 
for example, minimized the quantities and 
uniqueness of data required, minimized the 
amount of manua I ana I yses necessary, max I
m I zed effective use of the input data, and 
simplified modification procedures for 
"embedded" Inputs. 

The bas I c model Input Is a coded street net
work which must be accompanied by infornetion 
about the system traffic control Cs) to be 
studied. Average flow rates must be speci
f led for both the "entry I Inks" on the per 1-
phery of the network and the "source/sink" 
nodes within the ne1work. In addition, pre
sumed perfornence character I st lcs which may 
Include such things as gap distributions, 
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o Link cards - I ink name, I ink geometry, 
I ink operation, I ink turn Ing movements, 
and opposing I ink Identification 
cards 

o Signal cards - fixed-time signal and 
traffic actuated signal cards 

o Flow rate cards 

o Control ccrds execut Ion control, 
ne1work priming and simulation control 
cards 

o Survel I lance cards; 

o Bus system cards - path, bus station, 
bus route, bus flow and dwel I time 
cards; 

o "Rare" event cirds 
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Blocks 4ond 5 { 
ore repeated for 
each SUbMquent 
simulation 
sub-interval 

BLOCK !5 Simulation Control Card 
--- for this sub -lnterva I 

All data cards(in any orcler)that are 
BLOCK 4 needed toenterdata chanoes for 

the next simulation sub-Interval. 

BLOCK 3 Simulation Control Card 
---forflnt 1ub-lnterval 

All a-tric data and other data 

BLOCK 2 
card, pertainino to sub-interval 

___ I of 1i111ulation can(eacert 
Simulation Cot1trol Card . 

~ Execution Control Card 

Figure 116. Slmpl if led NETSIM Data Deck 

o Embedded data change cards 

o Updated data cards 

As noted above, the user is provided with a 
wide range of options to al low flexibility of 
the simulated conditions. 

Table 28 gives a summary description of each 
of the input cards and their use. Figure 
116 shows a simplified data deck stack. 

Each execution of NETSIM may be implemented 
tor one of three purposes: 

1. Peripheral data management activities and 
diagnostic checking of Input data using 
the preprocessor module, 

2. Diagnostic testing of the "clean" input 
data by the simulator module, and 

3. Execution of a simulation analysis 
comprised of one or more "subintervals" 
of time for a specified network. 

It should be noted that, although the model 
provides extensive diagnostic data evalua
tion, care should be exercised in the prepar-
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ation of the input data to insure accuracy of 
the simulation. An example would be such 
I terns as the I ength of a turn Ing pocket or 
the placement of a bus stop which cannot be 
detected as an error by the preprocessor. 

OPERATIONAL SUMMARY 

NETSIM is a microscopic, stochastic, simu
lation model with fixed tine-scan updating. 

The network is described as a series of unl
d irectional I inks and nodes. Each I ink rep
resents a particular approach to a node and 
changes In link characteristics (e.g., added 
or dropped I anes} may be modeled by inserting 
mid-block nodes. Traffic generators, such as 
parking lots, minor streets and the like, may 
be included as "sink/source" nodes. A I ink 
may contain up to five lanes of traffic plus 
a left and a right turn pocket. 

Traff I c derrand Is In ltial ly input to the net
work via "entry" links on the periphery of 
the system or "source" nodes within the 
network. Upon reaching the periphery or 
Internal sinks, vehicles are processed out 
via "exit" links and "sink" nodes, 
respectively. 

Within the network, vehicles are propagated 
through the system along the various I inks 
every second, w I th the Ir tine-space trajec
tor les being recorded at 0.1 second resolu
tion. The internal simulation is extremely 
complex and vehicle motion is governed by a 
series of car-fol low Ing, queue discharge and 
lane changing algorithms. 

Within any sub-interval, all conditions 
(e.g., Input flow rates, turn Ing movements 
rates, signal timing, etc.} are constant. To 
allow for variation in such variables, sev
eral sub-intervals, which may be as short as 
one minute, or as long as desired, are 
input. 
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Table 28 - Input Requirements For NETSIM 

CARD TYPE CARD NAME PURPOSE DATA REQUIREMENTS 
CONTROL CARD Execution Identities mode of execu- Input mode specified (mag-
( 1 per run) Control Card tion and other admlnistra- netic tape or data cards). 

tive functions. 
Net'i/ork Priming Specifies maximum initiali- Initialization tirre in sec-
Cards zation time. onds and clock time. 
Simulation Controls duration, inter- Duration, start time and 
Control Card mediate and cumulative length of time tor interme-

output. diate output, elapsed time 
C sec) bet'ileen successive 
cumulative outputs. 

I DENT I Fl CAT ION Ti tie Card Identities case study. Alphanumeric title and seed 
CARDS tor random number. 

( 1 per run) Net'ilork Name Identities descr I pt Ive Net'ilork name, city, code 
Card information. number of t I I e on data 

taoe. 
LI~ CARD Link Name Cards Identity each I ink by Upstream and downstream 

( 1 set per run) street name. node nos •• street names. 
Link Geometry Define geometry of al I Node numbers, I ength, grade, 
Card Cl per 3 entry and internal net'ilork right- and I ett-turn capa-
I inks) I inks. c I ty, downstream nodes re-

ceivfnq turnfnq traffic. 
Link Operation Define operational charac- Node Nos., right-turn-on-
Cards Cl per 3 teristics of traffic on red, no. of I anes, speed, 
I inks) each Internal and entry queue d I scharge rates, lost 

I Ink. time, pedestrian volume 
level, channelization of 
lanes. 

Link Turn Ing Specifies turning movements Counts or percentage of 
Movement Cards (as percentages or volumes) through, left-, right- and 
C 1 per 4 I inks) tor each I ink. dlaqonal Iv-turn Ina vehs. 
Op posed Li n k Specifies al I I inks which Al I pertinent node numbers 
Identification have op posed I ett turn for I inks in question. 
Card C if rea 1 d) movements. 

SIGNAL CARDS F I xed T I me S I g- Specifies signal control at Node number, oft set, Inter-
( 1 set per run) nal Cards each non-actuated control val duration, control code 

( 1 per non-ac- node (Including non-signal- on each approach tor each 
tuated node) I zed intersections). Interval (max. 6). 
Fixed Time Extension of above Card Node numbers, offset, con-
Signal Contlnu- Type tor signals w Ith over trol codes on each approach 
ation Card six intervals. tor each interva I (7-9). 
Cit reaulred) 
Actuated Con- Defines al I I inks serviced Node number, control I er 
trol I er Card by actuated control I er and coord I nation, sing I e/dua I 
( 1 per actu- other characteristics. r Ing control, detector 
ated node) switchina. cycle lenath. 
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Table 28 - Input Requirements For NETSIM (Continued) 

CARD TYPE CARD NAME PURPOSE DATA REQUIREMENTS 
Phase Card Defines operating charac- Node, phase number, actu-
( 1 per phase teristics of each phase on at ion type, yield point, 
tor actuated each actuated control I er. offset, initial interval, 
signals) passage time, min. gap, 

max. extension, max. green, 
amber, red, recal I switch, 
etc. 

SIGNAL CARDS Phase Operation Def i n e s I gn a I Ind I cations Node, phase number, s i gna I 
( 1 set per run) Card associated with specified Ind icat Ion tor each 

(continued) phase and location of al I approach, and location of 
detectors affecting the each detector. 
phase. 

FLOW RATE CARDS Volume Card Specifies tratt I c volumes Node numbers, flaw rates, 
( 1 set per run) ( 1 per 6 I Inks) on each I Ink excl udlng percent trucks. 

buses. 
SURVEILLANCE Surve 11 I ance Specifies detector type, Node numbers, detector 

CARDS Cards location and placement on type, I ocatlon, length of 
( 1 set per run) ( It required) each link. "presence" detector or 

di stance of "counter II from 
node. 

BUS SYSTEM CARDS Path Cards Define path of each speci- Route number, node numbers. 
(optional) fled bus route. 

Bus Station Identify, locate and des- Stop number, I ane, capacity 
Cards cribe each bus stop In net- and type of bus stop. 

work. 
Bus Route Cards Relate bus routes and bus Route numbers, sequence of 

stations. bus stations on route by 
station number. 

Bus Flow Card Specifies volume of buses Route numbers, mean headway 
on each route. tor buses. 

Dwel I Time Specifies mean dwel I time Station numbers, mean dwel I 
Cards of buses at each bus sta- times to service passengers. 

tlon. 
EVENT CARDS Short-Term Locate and Identity short- Node numbers, frequency and 
(optional) Event Cards term events. duration. 

Long-Term Locate and Identity long- Node numbers, ti me of 
Event Cards term events. event, duration and lane 

blocked. 
EMBEDDED DATA 9 ml sc. cards To Input changes to the EI ements In cal lbration 
CHANGE CARDS embedded cal ibratlon data. data and program var i ab I e 

(ootional) names. 
UPDATE CHANGE Update Control Construct a new data set by Card type numbers. 

DECK Card modifying a previously gen-
erated data set which is on 
taoe. 
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In order to predict the performance of indi
vidual vehicles within the network, each 
vehicle is randomly assigned various charac
ter I sties upon entry into the system. These 
character i sties, noted in the previous sec
t ion, are veh i c I e type, average d I scharge 
headway, average acceptable gap, etc. 

Nodes are operated according to the type of 
traffic control specified. Nodes may be 
yield or stop sign control led or signal lzed 
with fixed-time, actuated (both isolated or 
coordinated) or volume-density control led. 
The latter two may involve detectors in 
either pulse or presence modes. 

Depend Ing on the control status and queue 
length, vehicles are either queued, dis
charged or processed through the node. Turn
Ing movements occur random I y--tha t is, based 
on the input proportions of turns, individual 
veh I c I es are se I acted to execute I eft or 
r I gh t turns. Turns may be protected or un
protected, as specif I ed by the user. In the 
case of signalized control, up to nine phases 
may be programmed for any given signal 
control I er. 

As the time scan proceeds, data are recorded 
in vehicle and I ink arrays. For example, for 
each vehicle, cumulative time, distance, de
lay and number of stops are maintained. 
Addltlonal ly, the vehlcle 1 s present position 
(I ink, lane, position in queue) and projected 
action at the next node are noted, as applic
able. 

Link statistics are slml lar, but additionally 
include the cumulative number of vehicles and 
turn Ing movements processed, as wel I as the 
current I ink occupancy, queue lengths and 
s I gna I status. 

In addition to the above statistics, many of 
wh I ch are used for the stat i st I ca I summar !es 
output by NETS IM, sever a I other aspects of 
traff I c f I ow are treated to a 11 ow a deta I I ed 
evaluation of the qua I ity of system operation 
and traffic behavior. These Include inter
section discharge and queuing behavior, re
sponses to temporary blockages, vehicle
pedestrian conflicts, impact of buses in the 
traffic stream and impact of various signal 
control strategies. 
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The overal I operation of the model is 
summarized in the following seven steps 
(Reference 11.5) which are performed at each 
one- second interva I w I thin a 
11sub-lnterva I 11. 

1. Al I vehicles that were located In queues 
at the commencement of the t!JTB step are 
processed; 

2. 

3. 

4. 

5. 

6. 

7. 

All remaining vehicles already on the 
network, but not "In-queue", are pro
cessed; 

Any new vehicles are emitted onto the 
network via entry I Inks in accordance 
w I th the spec If I ed f I ow rares for each 
entry I ink; 

Any new veh I c I es to be emitted onto the 
network from any Internal source nodes 
are processed; 

The status of al I traffic signals in the 
network is updated; 

The set of standard vehicle and I ink 
statistics contained within the 
vehicle-array and link-array are 
accumulated and a series of diagnostic 
checks performed; 

Finally, if a point has been reached in 
the simulation run where a statistical 
output is cal led for, the necessary 
results are printed. 

These steps are repeated (as appropriate) for 
each time step and updates of the Input con
d itlons are J11:1de at the beginning of each 
subintervals. 

COWUTATIONAl. ALG<RITtt4S 

The myr lad of computational requirements in 
NETSIM are simply too extensive to co.,er in 
detail in this Handbook. The more Important 
algorithms are discussed functionally below, 
and equations or processes are given for the 
most significant of these. The discussions 
are necessarily simplified in the interest of 
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brevity. For ease of continuity, they are 
discussed in the same order as the first six 
steps listed in the previous section. 

Queue Processing 

Al I I inks, and lanes on each I ink, are 
scanned for the presence of queues. When a 
queue is found, the queue leader is ldenti
f led and it is determined whether it dis
charges at this interval or not {for example, 
red si gna I, I ack of gap or headway not ex
hausted wll I result In no discharge). If the 
lead vehicle can be discharged, it ls so pro
cessed {according to a deterministic acceler
ation rule). In this case, the status of al I 
vehicles in the queue ls updated to begin 
moving, and/or record storage time. If the 
leader is "blocked", vehicle and link statis
tics are simply updated. 

Moving Vehicle Processing 

This is the most complex step in the simula
tion, as the status of al I novlng vehicles 
must be updated. Vehicles are processed from 
downstream to upstream to al low for car-fol
low Ing, lane changing and the like. For 
example, the first vehicle on a particular 
link and lane to be processed will be the 
next vehicle which wou Id encounter the queue 
{ wh I ch has a I ready been processed). Veh 1 c I e 
and link status updates are performed as each 
vehicle ls processed. A variety of actions 
can occur depending on a vehicle's location, 
speed {actual and desired), lag, turning 
assignment, etc. Slmpl if led, a vehicle may 
fol low one of the fol lowing actions: 

o Speed may be adjusted by a car foll ow Ing 
rule, 

o It may join the queue, 

o It may discharge to another link, 

o It may change lanes, 

o It may be designated to exit at a "sink" 
node {If beyond mid-block), or 

o If a bus, It may stop at or leave a bus 
stop. 
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Determine current status of specified vehicle 

Emmlne 

Move thle vehicle oocording to cor-foUowing logic 

stop 

Intersection 
reached 

Vehicle keeps 
moving 

DlachOJQI from 
link and contl!lle 
an ..-,.1v1n9 link 

1/ehidelTlJS!slop 

Can switch 
Cannot lanes 8i cort. Switch 
switch Lane 

Vehicle 
either 
blocked 

lnterseciton or joins a 
nol reach- queue 
ed 

Update all statistics 

RETURN 

Figure 117. Flow Diagram of Car 
Fol lowl ng Model 

The algorithm Is best Illustrated In the flow 
diagram shown In Figure 117. 

The car fol I ow Ing I og I c Is the nost comp I ex 
{that Is, al I other actions are based on 
deterministic acceleration, deceleration or 
lane change rules). The natural variation of 
desired speeds requires that the car fol low
ing rule consider the relative position, 
velocity and desired speeds of vehicles which 
are Interacting with one another {otherwise a 
s I mp I e accel eratlon/steady-state/decel er a
t Ion ru I e can be used). But when a tra i I ing 
vehicle Is Influenced by a leading vehicle, a 
stlmu I us-response model must be invoked. A 
new model was developed for this purpose 
based on principles used in many existing car 
fol lowing models, but with changes to improve 
stabl I lty and avoid "col I lslons". The model, 
which applies only to a vehicle following 
another vehicle within 200 feet {61m) is 
stated as fol lows: 



( 11. 1 ) 

Where af = acceleration of fol lower at 
the end of the time sl Ice 

s = distance along link 

V = speed 

L = vehicle length, including 3 feet 
(lm) clearance 

R, = subscript Indicating lead vehi
cle 

t = subscript Indicating fol lowing 
vehicle at the end of the time 
step, or at the beg Inning If 
further subscripted by I 

If the tral I Ing vehicle's desired speed Is 
reached, t urther process Ing Is Ii ml ted to a 
constant speed model untl I that vehicle 
"catches up" with the leader which Is being 
stopped. 

It a veh I c I e reaches the per I phery of the 
network (or Is assigned to a sink node) It Is 
processed out at this point. 

Input New Vehicles, Exterior 

This routine scans al I links to determine 
whether a new vehicle should be emitted Into 
the system, effective at the end of the time 
step. If a vehicle Is emitted, an Identity
Ing number Is ass I gned and the fol I ow Ing 
characteristics are randomly assigned: 

o Driver Characteristics 

o Vehicle classification (car, truck or 
bus-buses are processed differently In 
the simulation) 

o Lane assignment 

o Action at next node (e.g., turn or 
through) 
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Checks are made to determine whether space 
exists tor the desired lane/turn assignments 
and the vehicle Is flagged tor lane change(s) 
If appropr late. 

"Arrivals" at Input links are based on a uni
form distribution. 

Input New Vehicle, Interior 

These vehicles are generated at "source" 
nodes within the network. The logic Is very 
s 1ml I ar to that descr I bed above. The doOJ
mentatlon Is not clear as to whether there 
must be a gap ava II ab I e to accept the veh 1-
c le. 

Signal Status Update 

Al I traffic signals are updated at this step. 
Al I nodes are scanned and at the sf gnal I zed 
nodes, the current phase timer Is decre
mented. When thl s timer reaches zero, the 
next phase Is activated and the timer Is 
reset. For fixed-time, this process Is tri
vial. For actuated control, a routine Is 
ca I I ed wh I ch, tor the appropr I ate type of 
controller, determines whether current cond 1-
tlons warrant updating the sl gnals. If 
updating Is not required, the controller acts 
(momentarily) slml larly to a fixed-time unit. 
If updating Is required (say a cal I Is re
ceived on a semi-actuated approach), signals 
on al I approaches are updated, and appropr l
ate timers (e.g., extensions, minimums, etc.) 
are adjusted. 

Statistics 

In addition to simply updating al I statistics 
In the simulation, several other Important 
tasks are performed at this point. These are 
summar I zed as fol lc.ws: 

o Insure that al I status parameters are 
consistent, correct If not 

o Reset veh I c le process codes 

o Update al I "event" actions 

o Detect 11sp 111 back" of queues 
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o Block or unblock lanes 

o Update pedestrian blockages 

o Update dwel I Ing buses 

The "events" referred to above may be short 
or I ong-term. These are user spec If i ed and 
may be Input to s I mu I ate b I ockages such as 
ace I dents, stand Ing or parked cars or other 
extraord I nary perturb at ions in the network. 
The exact nature Is not specified, but the 
difference is that short-term events occur 
randomly for a variable amount of time, and 
I ong-term events are preprograrmied (I.e., 
Input directly) and occur on schedule for a 
specified amount of time. 

OUTPUT REPMTS 

There are five basic printed outputs gener
ated by NETS IM. Some of these are automatic 
and others must be requested by the user. 
Results may also be stored on tape for future 
use, such as evaluation by the postprocessor. 
The outputs are discussed below. 

Input Data Report 

General input data are summar I zed in a for
matted report which can be checked for accur
ancy. The report Is shown In Figure 118. A 
data 11 ed report ( echo) of a II data Is a I so 
ava I lab le. 

Standard Statistical Report 

A sllllmary of important statistics or measures 
of effect I veness (MOE), Is g I ven at the end 
of each sub-Interval. The cummulative per
formance on each I ink and the entire network 
are printed. The user may also request this 
report at any time in the simulation (e.g., 
every "n" minutes). 

The contents of the report are summar I zed in 
the example output shown in Figure 119. 
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Note that total delay includes both delay due 
to stops and "delay" due to speeds reduced 
below some specified target level. 

lnter•dlate Outputs 

To obtain additional results to augnent the 
above report, the user may request lntermed
i ate results at any point in the simulation. 
These reports are useful in detailed analyses 
of varying traffic conditions and/or select
Ive (perhaps prob I em) I ocations. The con
tents of the report are shown in Figure 120. 

Fuel Colnswnptlon and Vehicle Emission Report 

A summary of fuel comsumptlon and vehicle 
emissions for each I Ink and the network as a 
whole is obtained for each run. The fuel 
consumption data Is reported for three types 
of vehicles; (1) composite auto, (2) truck, 
and (3) bus, based upon vehicle character
istics coded on the Volume Card (autos and 
trucks) and Bus FI ow Card. Fue I consumption 
Is reported In both ga I Ions and ml I es per 
ga I I on for each veh i c I e type. Vehi c I e eml s
s Ion is reported in grams per ml le for autos 
only and includes hydrocarbons, nitrous oxide 
and carbon monox I des. FI gure 121 shows the 
format and contents of this report. 

Supplementary Outputs 

A var I ety of opt Iona I outputs may be obta In ed 
for detailed analysis or Input data. The 
following may be tabulated at the user's 
request: 

o The origin-destination pattern of al I 
vehicles 

o Types and I ocations of a I I detectors 

o Al I "rare events" 

o Bus performance 

Additionally, comprehensive error messages 
are ouput to assist the user In "debugging" 
the data or locating inconsl stenc ies In the 
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ARTER UL Sil'IULATION-ASHLEY DR. CORRIDOR-RUN H0.4 S!GOP OPT 90 

ASHLEY DR. CID CITY OF TAl'IPA FLORIDA 10/311'81 

SEED FOR RAHOOl'I HUl'IBER GENERA TOR IS 3591 

POCK l'IEAN TURNING l'IOVEMEHTS DESTINATION HODES PED LANE CHAN 
LINK LANE SPAN L R U-F N LEFT THRU RT DIAG LEFT THRU RT DUG LOST DEN 1 3 4 5 TYPE G IDENTIFICATION 

caoo. I) 2 290 0 0 ENTRY 20 0 100 0 0 2 0 0 35 0 3 1 ASHLEY DR 
( 1, 21 2 290 0 0 25 20 0 87 13 0 3 815 0 35 0 3 2 ASHLEY DR. 
( 2, 31 2 216 4 0 25 20 4 96 D 13 4 0 0 35 0 3 3 ASHLEY OR. 
(814, 141 4 290 D O ENTRY 20 D 100 0 0 3 0 0 35 0 3 4 KENNEDY BLVO 
( 2, I) 2 341 0 0 25 20 D 100 0 D 800 D D 35 0 3 5 ASHLEY DR. 
( 3, 21 2 313 5 D 25 20 47 53 D 815 I 0 0 30 0 3 6 ASHLEY DR. 
(816, 141 1 290 0 D ENTRY 20 0 0 100 0 0 3 0 35 0 3 7 TAMPA STRFET 

SPECIFICATIONS OF SURVEILLANCE DETECTORS 

LINK( 13, 3) 

NUl'IBER LANE TYPE DISTANCE FROM NODE LENG TH OF TRAP 

PRESENCE 30 

• COUNTER 16 

COUNTER 20 

TRAFFIC SIGNAL DATA 

• INDICATES RTOR IN EFFECT FOR THIS APPROACH 

NODE I IS UNDER SIGN CONTROL 

NODE INTVL DURATION OFFSET SIGNAL CODES FACING INDICATED APPROACHES 

NODE 

2 
2 
2 
2 

NODE 
3 

INTVL 

I 
2 
3 
4 

NON-ACTUATED 
YIELD 

PHASE BEG END OFFSET 
1 33 38 6S 
2 
3 

NODE 
4 

(800, II• ( 2, 1 >• ( 

ao I 100Pl DPI 1 1 

DURATION OFFSET SIGNAL CODES FACING INDICATED APPROACHES 

44 
5 

36 
5 

PHASE 
3 

PHASE 
2 

PHASE 
2 
3 

49PI 
6PI 

4DPI 
6PI 

3, 21• ( 1, 21• ( 

D OPI 7 1 
44 49PI 7 0 
49 54PI 1 2 
85 94P) 0 2 

NODE 10 IS UNDER SIGN CONTROL 

SPECIFICATIONS FOR ACTUATED CONTROLLERS 

COORDINATED REST-IN-RED CYCLE EHfRY DET. SW. 
YES HO 90 0 HO 

LINK C 2, 3> 

DETECTORS PROVIDING CALLS 
LOCATED IN LANE 

I 2 3 4 5 
X X X 

LINK C 13, 3l 

DETECTORS PROVIDING CALLS 
LOCATED IN LANE 

1 2 3 4 5 
X X X 

LINK C 4, 3J 

DETECTORS PROVIDING CALLS 
LOCATED IN LANE 

1 2 3 4 5 

X X X 

LINK C 14, 31 

THERE ARE NO DETECTORS ON 

DETECTORS PROVIDING GAPS 
LOCA TEO IN LANE 

1 2 3 4 5 
X X X 

DETECTORS PROVIDING GAPS 
LOCATED IN LANE 

1 2 3 4 5 
X X X 

DETECTORS PROVIDING GAPS 
LOCATED IN LANE 

1 2 3 4 5 
X 
X X X 

THIS LINK 

ACTUATED IHIT !HIT TIME 
FORCE l'IIN INT 

OFF !NIT IIC DATA 

57 10 
86 10 

PHASE 
1 
2 
3 

2, 
2 
2 
1 

ACT PASS 
DATA TIME 

3. D 
3. 0 

SIGNAL 
31• C 14, 

1 
2 
2 

MIN TO RED. MAX MAX RED 
GAP RED. RATE EXT GRN AMBR CLR 

4 1 
0. D 0. D 18 5 0 
0. 0 D. 0 25 5 0 

CODES FACING INDICATED APPROACHES 
31 ( 13, 31 ( 4. 31 ( 

2 2 
I 3 
2 1 

COORDINATED REST-IN-RED CYCLE ENTRY DET. SW. 
YES NO 90 0 NO 

Figure 118. l'ETSIM Input Data Report 
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REO RECL MEM 
RVRT SW. SW. 

NO NO 
NO NO 

IHH OVR 
TRM CD 

NO 
NO 
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CUMULATIVE STATISTICS SINCE BEGHIHING OF SIMULA TI OH 

PRESENT TIME IS 16 40 o, ELAPSED SIMULATED TIME IS 10 MINUTES, 0 SECONDS 

LINK STATISTICS 

VEH- VEH MOV. DELAY TOTAL T-TIME T-TIME/ D-TIME D-TIME/ PCT AVG. AVG. STOPS AVG CYCL 

LINK MILES TRP TIME TIME M/T TIME / VEH. VEH-MllE / VEH VEH-MILE STOP SPEED occ. /VEH SAT FAIL 

V-MIH V-MIH V-MIH SEC SEC/MILE SEC SEC/MILE DELAY MPH PCT 

1, 2) 5. 5 100 12. 3 25. 5 0. 33 37 .8 22. 7 413. 2 15. 3 278. 7 77 8. 7 3. 7 0. 53 13 

( 2, 3) 4. 6 85 10. 4 34. 1 0. 23 44. 5 3 1. 4 579. 6 24. 1 444. 6 78 6. 2 4. 4 0 .88 14 

( 2, 1) 6. 7 102 16. 2 0. 7 0. 96 16. 9 10.0 151. 0 0. 4 6. 5 23 .8 1. 7 o.o 

( 3, 2) 11. 7 201 27. 5 32 .8 0. 46 60. 3 18. 0 309. 3 9. 8 168. 3 52 11. 6 5. 9 0. 37 22 

( 3, 13) 48. 0 176 113. 1 30. 3 0. 79 143. 4 48. 9 179. 2 10. 3 37. 8 36 20. 1 14. 4 0. 40 11 

( 9, 8) 8. 0 147 19. 1 16. 3 0. 54 35. 4 14. 4 264. 6 6. 7 122. 0 68 13. 6 3. 5 0. 33 

( 10, 9) 6. 3 165 15. 5 18. 1 0 .46 33. 6 12 .2 322. 6 6. 6 173. 7 55 11. 2 3. 2 0. 31 

( 17, 9) 5. 1 94 11. 5 60. 9 0. 16 72. 4 46. 2 854. 6 38. 9 718 .8 86 4. 2 7. 2 0. 98 18 

NETWORK STATISTICS 

VEHICLE-MILES= 270. 94 VEHICLE-MINUTES= 1811.1 VEHICLE-TRIPS (EST.>= 929 STOPS/VEHICLE= 1.86 

MOVING/TOTAL TRIP TIME=0.359 AVG. SPEED (MPHl= 8.98 MEAN OCCUPANCY= 180.7 VEH. AVG DELAY/VEHICLE= 74.93 SEC 

TOTAL DELAY= 1160.2 MIN. DELAY/VEH-MILE= 4.28 MlN/V-MllE TRAVEL TIME✓ VEH-MILE= 6. 68 MIH/V-MILE 

STOPPED DELAY AS A PERCENTAGE OF TOTAL DELAY=80. 7 

SPILLBACK HAS PREVAILED OH LINK ( 4, 3) FOR 32 SECONDS FROM TIME= 585 TO TIME= 617 

SPILLBACK HAS PREVAILED OH LINK < 4, 3l FOR 4 SECONDS FROM TIME= 677 TO TIME= 681 

Figure 119. NETSIM Standard Statistical Report 

LINK STATISTICS AT TIME 16 45 0 

VEH TURN MOVEMENT <lUEUE L EHGTH BY LANE DELAY/ STOP CYC CURRENT AVG. HO. SIG 
LINK DCC. DIS LEFT THRU RT. 1 2 3 4 5 VEH. DLY(P) FLR EVHT CHANNEL IZATIOH SPEED STOP CODE 

(800, 1) 143 143 0.0 0 0 0 0 0 0. 0 

1, 2) 144 132 19 16. 3 77 0 0 0 0 0 8. 3 83 

( 2, 3) 125 5 120 24.2 78 0 0 0 0 0 6. 2 114 2 

( 6' 5) 230 234 8. 2 77 0 0 0 0 0 11. 9 99 

( 7' 6 l 262 29 239 2. 3 36 0 0 0 0 0 20. 2 40 

( 15, 5) 138 38 0 108 21. 1 71 4 0 1 0 0 6. 8 135 

(810, 16) 35 37 0. 0 0 0 0 0 0 0. 0 

( 1, 8) 359 0 244 116 4. 0 14 4 0 0 0 0 17. 6 48 

(804, ,, ) 158 158 0. 0 0 0 0. 0 

• 
Figure 120. NETSIM Intermediate Stat 1st I ca I Report 

CUMULATIVE VALUES OF FUEL COHSUMPTIOH AHO OF EMISSIONS 

LIHK FUEL COHSUMPTIOH VEHICLE EMISSIONS <GRAMS/MILE> 

GALL OHS M.P.G. HC co HO X 

VEHICLE TYPE- 2 3 

1, 2) 1.2 0. 3 0. 0 5. 9 3. 0 0.0 6. 9 0. 0 0. 0 121. 0 0. 0 0. 0 9. 3 0. 0 0. 0 

( 2, 3) ,. 1 0 .2 0. 0 5. 2 3. 5 0.0 8. 2 0. 0 0. 0 157. 6 0. 0 0. 0 7. 3 0. 0 0. 0 

( 2, 1) 0. 7 0. 0 0.0 16. 0 6. 2 0.0 2. 1 0. 0 0. 0 29. 3 0. 0 0. 0 3. 2 0.0 a. o 

( 3, 2) 2. 3 0. 3 0.0 6. 9 2. 9 0.0 5. 4 0. 0 0. 0 98. 1 0. 0 0. 0 8. 7 0. 0 a. o 

( 3, 13 l 4. 7 0. 5 0.0 14. 2 6. 6 0.0 2. 4 0. 0 o.o 36. 3 0. 0 0. 0 3. 3 0. 0 0. 0 

NETWORK-WIDE STATISTICS 
56. 45 6. 20 0.0 6 .86 3. 65 0. 0 5. 75 0. 0 0.0 105 .46 0. 0 0. 0 6. 43 0.0 0. 0 

VEHICLE TYPE 1 = COMPOSITE AUTO, TYPE 2 TRUCK, TYPE 3 BUS 

F lgure 121. NETSIM Fuel Consumption and Vehicle Emissions Report 
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network description. Spec I a I prob I ems are 
also identified through these messages. 

Out-put Tape 

The data may be ouput to tape, for evaluating 
several simulations. A I 1st of these data is 
given in Table 29. 

Table 29 - Summary of Data Output to Tape 

LINK-SPECIFIC DATA 

Vehicles discharged 

Travel time per vehicle 

Delay per vehicle 

Average speed 
Stops per vehicle 

Percent stop delay 
Average saturation 
Number of cycle failures 
Ratio of moving/stopped 
time 

Diagnostic Messages 

NETWORK-WIDE DATA 

Total vehicle 
tr I ps 
Total vehicle
miles 
Tota I vehicle
minutes 
Stops per vehicle 
Ratio of mov Ing/ 
stopped time 
Average Speed 
Mean occupancy 
Average delay 
Tota I delay % 
stop delay 

As note earlier, there are extremely exten
sive di agnostic checks and feedback messages 
available in NETSIM. Indeed there are too 
many to Itemize here. Errors may occur in 
several ways. if errors are detected In 
reading the Input data, NETSIM will point out 
the error and dlsal low execution of the simu
lation, but error checking wi 11 continue to 
determine whether further errors exist In the 
data. The approximate breakdown of the docu
mented errors ( I.e., execution aborted) and 
warnings (I.e., flxup taken, but careful 
review should be made for possible error) Is 
as follows: 

PROGRAM STEP ERROR WARNING 

Preprocessor 112 

Simulation 2 5 
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ADDITIONAL FEATURES 

As with most large-scale microscopic simula
tion rrodels, NETSIM has a multiplicity of 
features, and user options. Virtually any 
feasible geometric configuration, traffic 
control system, traffic management strategy 
and demand configuration can be modeled. The 
type of network may vary from a single inter
section, up to a complex grid network. 

A major enhancement underway and being devel
oped by the Un iversl ty of Washington, Is an 
interactive graphic capabl I ity. This en
hancement ( referred to as NETGRAF) w I I I 
enable the user to make more effective use of 
the postprocessor f unct Ion of NETS IM. Pres
ent I y, two-way comparisons must be run off
I In e, a process wh I ch can be t I me consuming. 
With NETGRAF, the comparisons can be run, and 
displayed, on-line, thus greatly reducing the 
time required to compare a number of NETSIM 
simulations. NETGRAF wil I be disseminated by 
the U.S. Department of Transportation. 

APPLICATIONS AND LIMITATIONS 

NETSIM is particularly applicable to the 
analysis of large-scale complex traffic 
networks, optionally with coordinated systems 
(whether master control led or dynamically 
control I ed). 

NETSIM Is an operational, analysis and evalu
ation model. Its sole function is to apprc»<
lmate real-world conditions that are Input by 
the user. It performs no design Itself. 
Thus, In single runs, any of the Infinitely 
variable Input conditions may be considered 
by the user. Several of these may be evalu
ated by the user to determine which ls 
"best", thus the evaluation function ls, to a 
certain extent, a design tool, but. It must be 
emphasized that the "best" solution Is only 
among those alternatives tested. There Is no 
assurance that the "best" sol ut Ion Is an 
optimal solution. 
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Analysis is the role of microscopic simula
tion models. The results are generally more 
reliable than those obtained from macroscopic 
models, since the natural stochastic var la
t Ion of traffic demand and behavior are con
sidered. Although any simulation model is a 
simplification of the real-world, NETSIM is 
sufficiently flexible to handle a highly 
soph I sticated system of Intersections, 
including on-I ine signal control system (with 
additional user programming). 

Also inherent to microscopic simulation mod
els are the disadvantages of costly calibra
tion, extensive input requirements and the 
requirements tor a high level of expertise in 
using them. These are all true of NETSIM; 
a I though the deve I opers have wr I tten the 
model w I th the user in ml nd to the degree 
possible. For example, most parameters ere 
turn I shed in the mode I, but these may be 
changed if the user has local data which 
would better cal lbrate the model. 

Several specific limitations of the model are 
discussed below. 

1. Physical constraints ere 99 nodes, 160 
I inks and 1600 vehicles in the system at 
any time. These can be increased easily, 
but a substantial Increase in computer 
time wi 11 result to run larger networks. 

2. Freeway tac I I ities cannot be modeled in 
NETSIM. A rough estimate of the effect 
of freeways on the street system Is pos
s lb I e, by making the ramps "sink/source" 
nodes. The freeway effects must be esti
mated separately. 

3. Similarly, rotary Intersections and semi 
major uncontrolled Intersections cannot 
be modeled only with difficulty. 

4. For agencies with limited access to large 
computers, NETSIM can be quite expensive 
to use, e I ther In terms of dol I ars or 
computer time, depending on local operat
ing policies. 

5. It has been noted that real-time control 
systems can be simulated; however, the 
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a Igor I thms must be inserted by the user. 
NETS IM does not con ta in any package 
dynamic control systems. Surve I I lance 
capabilities do exist, however. 

6. Preset vehicle trajectories through the 
network are not possl b I e though they can 
be estimated by adding additional state
ments to the code. Vehicles are simply 
Input to the network and turns ere 
assigned randomly. This limits evalua
tion of one-way street systems and does 
not al low for induced diversion from con
gested streets. The latter would have to 
be approximated by the user rranually 
"directing" traffic via increased turns 
to effect the diversion or via util lza
tlon of the NETFL0 model. 

7. Inputs to the system are based on a un I
form di str i but Ion. This Is often not 
r ea I I st I c. A patch dee k is ava I I ab I e 
from FHWA which corrects this diffi
culty. 

In summary, NETSIM has several limitations 
Inherent to any microscopic simulation model, 
as well as several limitations peculiar to 
th Is model. But on the who I e, it Is a power
f u I analysis tool for the traffic engineering 
agency that has the I eve I of staff expert I se 
and computer facll ities to use the model. To 
overcome this latter requirement ( I.e., re
sources), some state departnents of transpor
tation are assl sting local I ties in using 
NETSIM on their faci I lties. Thus, mld-to-
1 arge-s I zed urban areas shou Id not be dis
couraged from using this excel I ent traffl c 
engineer Ing tool. 

EXNl1LE APPLICATION 

To 11 I ustr ate the use of NETS IM the Ash I ey 
Drive arterial signal problem previously used 
to Illustrate signal optimization models was 
selected. The fol lowing describes the use of 
NETSIM to evaluate alternative signal timing 
p I ans. 
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Figure 122. NETS IM Link-Node 

Problmn Description 

The previous models described in this Hand
book (PASSER 80, lRANSYT-7F and SIGOP Ill) 
were used to evaluate existing operations and 
to develop Improved signal timing plans. In 
case of each of these models It was necessary 
to assume the signals were operating as fixed 
time signals, when In fact seven of the eight 
signals were semi-actuated signals with a 
background cycle. There were no provisions 
for eva I uat in g the af feet varying traffic 
volume during each cycle had on the splits or 
even the poss I b I e affect of sk I pp Ing a 
phase. 

In this example NETSIM wil I be used to evalu
ate the optimal signal timing plan developed 
by each of the previous models tor a 90 sec
ond background cycle. As previously indi
cated these signals are part of a downtown 
signal system of fifty-six slgnals what are 
operating dur Ing the PM peak hour under the 
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Network for Ash I ey Drive 

same eye I e I ength. Each of the prev I ous 
models were used to develop optlrrel signal 
timing for Ashley Drive as an arterial sys
tem, rather than a nenoiork. Therefore, the 
reader should not infer from this example use 
of NETS IM that one of the opt I mi zat Ion mod
u I es g Ives better resu I ts than another. Both 
the TRANSYT-7F and SI GOP I I I mod els are ne1"
work models, and to develop an optirrel signal 
timing plan for Ashley Drive, should have 
been cooed as part of the tota I system. 1-'ow
ever, tor-the purpose of brevity this was not 
done, therefore, the results of this appllca
t ion w I 11 not resu It in a fair compar I son of 
each of the optimization model's ability to 
develop optirrel signals plans. 

Analysis of Exls-tlng Condl1"1ons 

The first step In the evaluation process Is 
the use of NETSIM to represent the existing 
system. Th Is prov i des the user w I th an 
opportunity to check the mode I I s ab i I I ty to 
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to represent traff I c cond i ttons In the f I e Id 
as the basis for evaluating alternative 
p I ans. 

Figure 122 I I lustrates the I ink-node network 
for the example applications. Notice that in 
this example the traffic signals at the In
tersections affecting traffic flow on the 
cross stretch have been Included. On Kennedy 
Blvd. (the major cross street), west of Ash-
1 ey Drive there ts a signal (node 13) located 
approximately 1450 feet west of Ashley Drive. 
This is not part of a system and presently 
operates as a 60 second f I xed ti me sl gna I. 
The other signals affecting traffic flow on 
the cross streets (nodes 14, 15, 16, and 17) 
are located on a parallel one-way street 
(Tampa Street). This street ts one-way 
southbound and ts control led by two phase, 
fixed time signals within the 90 second cycle 
length. Since we are only Interested In stm
ulattng traffic arrivals from the cross 
streets, on I y the sl gna Is and traff I c move
ments affecting westbound trafft c were 
model ed. A tota I of 17 nodes were required 
to represent sl gna Is ( 13) or Intersections 
(4) to Insure data wtl I be obtained on traf
fic affected by the Ashley Drive signals. 

Once the remain Ing data on geometr tcs, trat
t l c volume and signal operation were obtained 
It was possible to code the network. Figure 
122 I I lustrates the data coded to represent 
ext sting conditions. A total of 125 I Ines of 
coded data was required. With the exception 
of two Items, al I data (geometric, traffic 
counts, operating speed, and sl gnal opera
tions) were easl ly obtained. 

The only judgment required for coding the 
network were the queue d I scharge rate (mean 
headways from standing queue) and lost time 
(queue start-up delay) by lead vehicle. 
S l nee headway studies had been conducted the 
average mean headway of 2.0 seconds was 
utilized. Although the model has a default 
distribution tor lost-time, a 3.5 second 
value tor lost time was used In the example. 

The Input data were keypunched and submt tted 
to the computer tor execution. Several sub
missions were required In order to obtain a 
run with no errors. Baslcal ly, these errors 
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were related to Improper coding of signal 
codes tor actuated s i gna Is and the detector 
operations. Figure 124 shows a copy of the 
standard statistical reports obtained from 
the accepted existing condltons run. The 
input data report ( 17 pages are not shown, 
however, excerpts from Its report were showm 
previously In Figure 118. 

One of the In ittal problems with the final 
run was the use of an in lttal tzatton per lod 
of 300 second (5 minutes). This was lnsuttt
c I ant and It was necessary to go to 600 sec
onds. However, the t Ina I run for ext st Ing 
conditions (after getting rid of other 
errors) only required 360 seconds to reach 
equt I tbrtum. 

One of the first tacts obta lned from the 
existing conditions report ts that on Link 
(4,3) spt I I back occurs frequently during the 
stmulatton (tor 404 seconds or 45% of the 900 
seconds simulation Interval. In other words, 
for 40 of the 90 cycles, the vehicle queue 
exceeded the length of this lane and vehicles 
could be blocking Intersection 3. 

The link statistics report provides valuable 
data In specific problems. For Link (4,3) we 
see that traffic denend ls 71% of saturation 
t I ow , yet the green t i me ava i I ab I e I s on I y 
.45% of the cycle (41 out of 90 seconds) 
thus spt I I back would obviously oca.Jr. 

On a I ink by I Ink basis def I ct enc es can be 
readt ly identified. From a level of service 
point of view one could look at average delay 
time In seconds per vehicle per each link. 
Using delay In excess of 30 seconds as a 
criterion four links would be of concern. 
These are Links (2,3), (13,3), (4,3), and 
(11,8). In addition Link (5,4) In close with 
28.4 seconds of delay. Three of the four 
crtttcal I Inks are approaches to Intersection 
3 (Ashley Drive and Kennedy Blvd.). 

A second measure of effectiveness (stops per 
vehlcl e) further Ind tcates the negn ltude of 
problems on these links. Data obtained from 
the output for existing conditions can be 
utl I ized to determine the credlbl I lty of the 
model. Intermediate statistical reports are 
available upon request (see Figure 120) which 
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Figure 123. NETSIM Coded Input Data Form for Ashley Drive Existing Conditions. 
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Figure 123. flETSIM Coded Input Data Form for Ashley Drive Existing Conditions (Continued). 
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Figure 123. NETSIM Coded Input Data Form tor Ashley Drive Existing Conditions (Continued). 
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SIMULATION TIME INTERVAL = 900 SECONDS. 

SCANNING INTERVAL=! SECOND 

INTERMEO!ATE OUTPUT COMMENCES 300 SECONDS AFTER BEGINNING OF SUB-INTERVAL 

FOR A PERIOD OF 900 SECONDS, PRINT-OUT WILL APPEAR AT INTERVALS OF 300 SECONDS 

CUMULATIVE OUTPUT WILL APPEAR EVERY 5 MINUTES DURING SUB-INTERVAL 

PERIOD 

CLOCK TIME NOW 

30 P. M. 

FUEL CONSUMPTION AND EMISSIONS WILL BE PROCESSED 

VEHICLE TRAJECTORY DATA WILL NOT BE WRITTEN TO UNIT 23 

EQUILIBRIUM ATTAINED 

OCCUPANCY 

165 
160 
151 

CHANGE 

5 
9 

37 

DURING PAST CYCLE, 160 VEHICLES OCCUPIED THE NETWORK. NET CHANGE IN OCCUPANCY WAS AT TIME•360 

DURING PAST CYCLE, 151 VEHICLES OCCUPIED THE NETWORK. NET CHAKGE IN OCCUPANCY WAS 37 AT TIME•Z70 

INITIALIZATION PERIOD CO~PLETED AFTER 360 SECONDS 

COMMENCE SIMULATION AND GATHER STATISTICAL DATA 

SPILLBACK HAS PREVAILED ON LINK C 4, 3) FOR 52 SECONDS FROM TIME= 137 TO TIME• 119 

SPILLBACK HAS PREVAILED ON LINK 4, 3) FOR 64 SECONDS FROM TIME= 217 TO TIME= 281 

CUMULATIVE STATISTICS SINCE BEGINNING OF SIMULATION 

PRESENT TIME IS 16 45 0, ELAPSED SIMULATED TIME IS 15 MINUTES, 0 SECONDS 

LINK STATISTICS 

LINK 
YEH
MILES 

YEH 
TRP 

MOY. 
TIME 

V-MIM 

DELAY 
TIME 
V-MIN 

TOTAL 
TIME 
V-MIN 

T-TIME 
/ VEH. 

SEC 

1, 2> 7. 9 

2, 3) 6. 6 

2, 1 > 10. 0 

143 

121 

17.7 82.0 0.18 99.7 41.8 

14.7 128.7 0.10 143.4 71.1 

151 23.6 0.9 0.96 24.5 

3, 2) 16.1 277 38.5 40.2 0.49 78.7 

9. 7 

17. 0 

3, u> H.s 256 167.5 42.2 o.80 2n.1 49.1 

14, 3) 12.2 225 29.5 40.0 0.42 69.5 18.5 

13, 3) 36.5 133 114.0 755.0 0.13 869.0 392.0 

3, 4) 10.9 203 25.2 30.9 0.45 56.1 

4, 5) 13.9 252 32.7 24.4 0.57 57.1 

16. 6 

13.6 

12, 4) 5. 2 95 11.9 52.3 0.19 64.2 40.5 

4, 3> 12.6 235 28.9 351.2 0.08 380.1 

5, 4) 15.3 251 38.2 118.8 0.24 157.0 

5, 6) 19. 1 354 45.9 17.4 0.73 63.3 

6, 7) 14.0 311 33.4 17.6 0.65 51.0 

6, 5) 12.3 238 28.3 45.7 0.38 74.1 

1, 6) 17.0 265 40.5 10.8 0.79 51.3 

15, 5) 7.4 136 18.6 16.7 0.53 

7, 8) 23.4 358 56.4 36.0 0.61 
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T-TJME/ 
YEH-MILE 
SEC/MILE 
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147. 7 

292. 5 

180. 1 

342. 1 

1427. 5 
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/ YEH 

SEC 

34. 4 

63 .& 

0. 3 

8. 7 

9. 9 

10. 7 

H0.6 

9. 1 

5. 8 

33. 0 

89. 7 

28. 4 

2. 9 

3 .4 

11.5 

2.4 

7. 4 

6. 0 

1. 9 
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YEH-MILE STOP 
SEC/MILE DELAY 

626. 1 

1178. 0 
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91 

52 

AVG. AVG. STOPS AVG CYCL 
SPEED DCC. IYEH SAT FAIL 

PCT MPH 
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2. 7 

24.4 

12. 3 

6.6 0.13 23 

9.6 1. 02 30 

1. 7 o. 0 

5.1 0.24 19 

5. 3 

149. 4 

36. 3 

196. 9 

32 20. 0 14.0 0.32 10 

1240. 3 

170 .4 

105. 1 
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C 8, 91 16.4 305 38.9 41.0 0.49 79.8 
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Figure 124. NETSIM Standard Statistic Report for Existing Conditions 
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9, 8) 12.7 232 30.4 17.5 0.63 47.9 

10, 9) 9.7 257 22.9 49.5 0.32 72.5 

12 .4 

16. 9 

11, 9> a. o 148 1a.a 59.5 o.24 78.3 31.7 

227. 2 

446 .6 

587. 1 

4. 5 

11. 6 

24. 1 

83. D 

3D5.3 

446. 3 

43 

73 

78 

NETWORK STATISTICS 

VEHICLE-l'IILES• 397 .6' VEHICLE-MINUTES= 3070. 5 VEHICLE-TRIPS CEST. ): 1391 

15 .a 
a.1 

6. 1 

3. 2 0. 30 

4. 7 0.42 12 

5.2 o.aa u 

STOPS/VEHICLE• 1. 71 

NETSIM 

l'IOVINOITOTAL TRIP Til'IE•O. 318 AVG. SPEED <MPH>: 7. 77 l'IEAH OCCUPANCY= 204. 0 YEH. AVG DELAY/VEHICLE= 90. 35 SEC 

TOTAL DELAY• 2094.7 l'IIN. DELAY/YEH-MILE= 5.27 MIH✓V-MILE TRAVEL TIME/YEH-MILE= 7. 72 MIN/V-MILE 

LINK 

VEHICLE TYPE-

1, 2) 

2, 3) 

2, 1) 

3, 2) 

3, 13) 

14, 3) 

13, 3) 

3, 4) 

4, 5) 

12, 4) 

4, 3) 

5, 4) 

5, 6 > 
6, 7) 

,. 5) 

7, 6) 

15, 5) 

7, 8) 

a. 1 > 
11, a> 

16, 7) 

a. 9> 
9, 10) 

9, I) 

10, 9) 

17, 9) 

STOPPED DELAY AS A PERCENTAGE OF TOTAL DELAY•84.8 

SEED FOR RANDOM HUMBER GENERATOR IS 90D8613 

SPJLLBACK HAS PREVAILED OH LINK ( 4, 31 FOR 2U SECONDS FROM TIME= 657 TO Til'IE= 900 

CUl'IULATIVE VALUES OF FUEL CONSUMPTION AND OF EMISSIONS 

FUEL CDN9Ul'IPTION 

GALLONS M.P.G. 

2 

HC 

VEHICLE EMISSIONS (GRAl'ISll'IILE> 

co 

1.9 

2.5 

0 .6 

2, 0 

4. 7 

1.7 

13. 4 

1.5 

1 .5 

1.2 

6 .o 
2. 9 

t.a 
1.2 

1.3 

1.2 

o .a 
2.2 

1.0 

2. 0 

0 .4 

2. 0 

1. 6 

1.2 

1.6 

1.5 

2 

0. 1 

0. 0 

D. 1 

0 ,4 

D. 4 

0 .2 

1.3 

D. 1 

0. 1 

0. D 

0 .4 

D. 2 

0. 1 

0.1 

D. 1 

D .2 

0. 1 

D. 1 

0 .2 

0. 1 

0. D 

0. 1 

D .2 

0 .2 

0. 2 

D. 1 

D. 8 

0. D 

D. D 

0. D 

0. 0 

0. 0 

D.D 

D. D 

D. 0 

o. 0 

a. o 
0. 0 

0. D 

D. D 

0. 0 

0. 0 

D. D 

0. 0 

0. 0 

0. 0 

D. 0 

D. 0 

o. 0 

0. 0 

D .0 

D. 0 

59.71 4.92 O.D 

3.8 2.9 o.o 
2.5 2.5 O.D 

16.2 6.3 0.0 

7.0 3.0 D.O 

13.9 6.1 0.0 

6.9 3.4 0.0 

3.4 2.a o.o 
6.7 2.7 o.o 

9.0 3.6 0.0 

4. D O. 0 0. 0 

2.3 2.3 0.0 

5.2 3.7 D.D 

9.8 4.3 O.D 

11.9 6.3 D.D 

8.7 6,2 D.O 

12.9 6.0 D.O 

8.5 5.D D.O 

10.3 6.3 0.0 

10.5 4.D O.D 

3.9 3.5 D.O 

7.9 4.3 0.0 

7.9 4.3 D.D 

10.3 4.2 0.0 
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Figure 124. NETSIM Standard Statistic Report tor Existing Conditions -
Ashley Drive (Continued). 
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Table 30 - Comparison of NETSIM MOE 1 s For Alternative Signal Timing Plans - Ashley Drive 

ALTERNATIVES 
MOE Existing PASSER 80 TRANSYT-7F SIGOP 111 

Vehicle Miles 397.64 377.50 401. 77 403.60 
Vehicle Minutes 3070.5 2985.9 2958.00 2856 .2 
Vehicle Trips 1391 1341 1395 1405 
Stops per Vehicle 1. 71 1 .97 1. 70 1 .87 
Moving Time per Total Time ( %> .318 .305 .330 .342 
Avg. Speed (mph) 1.11 7 .59 8.15 8.48 
Mean Occupancy (vehicles) 204.0 198.5 196.5 189.9 
Avg. Delay per Vehicle (sec.) 90.35 92.79 85.19 80.31 
Total Delay (min.) 2094. 7 2073.8 1980. 7 1880. 7 
Delay per Veh.-mlle (min. per mile) 
Travel Time per Veh.-mlle (min. per ml I e) 
Stopped Delay per Total Delay<%> 
Fuel Consumption (gals. per mi le) 
Vehicle Emissions (gross/mile) 

Hydro carbon (HC) 
Carbon Dioxide (CO) 
Nitrogen Oxide (NOX) 

show queue length by lane at any specific 
Instance of time. This is useful in cal I
brating the model. For instance, Link (4.3) 
that tor the highest average saturation t low 
includes the exclusive right turn lane. In 
F lgure 124 we only obta In information on the 
entire approach-e.g. average queue of 25.3 
vehicle. However, the intermediate statisti
cal report should 23 vehicles on the approach 
at the requested turn interval with 4 vehi
cles in lane 1 (thru lane) 9 In lane 2 (the 
thru lane) and 10 vehicles In lane 3 (the 
curb lane or exclusive right turn lane). 
Observation in the field Indicates this is 
typical and Indicates the model is reproduc
ing arterial conditions. 

This evaluation of existing conditions would 
I nc I u de a s I m I I ar compar I son of other I in ks 
within the network. In some cases a more 
d eta I I ed ma thema t I ca I compar i son wou I d be 
required. However, in most instances this 
would not be economical. 

5.27 5.49 4.93 4 .66 
1.12 7.91 7.36 7.08 

84.8 83.8 84.7 82.0 
.0465 .0471 .0450 .0446 

6.07 6.26 5.83 5.75 
112. 75 117.30 107.98 105 .4 3 

6.52 6.07 6.29 6.43 
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Define and Analyze Alternatives 

In order to define the alternate signal plans 
the existing signal timing cird must be 
changed. For each alternative signal plan 
this required that cird 16-NA (non-actuated 
phase of actuated sf gnal) and c;rd 16-A 
(actuated phase) be changed 1o include the 
new sf gnal timing data (offsets, yield 
points, force offs and maximum green times) 
tor the actuated signals. In addition c;rd 
10 (fixed time signal) must also be changed 
tor node 2 (Ashley Drive and Jackson Street). 
In all a total of 19 of the 125 cards were 
changed tor each alternative. 

In order to evaluate each of the alternatives 
the summary of link statistics provides the 
most meanful information. For each of the 
alternatives the user could look at traffic 
characteristics on each of the links 1o 
Identity problems which ocaJr tor each alter
native. 



Evaluation of Results 

The reports obtained from each of the runs 
provide a usef u I tool for eva I uat Ion of the 
resu I ts. Tab I e 30 prov I des a compar I son of 
the summary stat I st i cs for the network as a 
who I e. 

Based on the developed signal timing plans 
some improvement in operations can be ex
pected with several alternatives. 

The PASSER 80 sf gnai timing resulted in an 
over a I I deterioration of most measures of 
effectiveness. The rrost noticeab I e was an 
increase in the stops per vehicle (for 1.71 
to 1.97) and seconds of delay per vehicle 
(from 90.35 to 92.79). The PASSER 80 optimi
zation model was designed to increase band
width in both directions along Ashley Drive, 
which should result in fewer stops per vehi
c I e. However, PASSER 80 assLm0d un I form 
arrivals on the cross-streets which does not 
occur when signals are control led. There
fore, there was a net increase in length of 
delay and number of stops. 

Both TRANSYT-7F and SI GOP I I I s I gna I p I an 
resulted In reduced vehicle delay time and 
stops per vehicle. TRANSYT-7F minimized 
stops per vehicle whl le SIGOP 111 minimized 
delay time per vehlcle and both minimized 
fuel consumption. There was llttle signifi
cant difference between the reductions In gas 
consumption and vehlcle emissions. 

Since both TRANSYT-7F and SIGOP Ill results 
In similar Improvements In traffic flow the 
user can feel confident that either of these 
plans would be notlceable to the driver using 
the system. Whether the dr Iver wou Id per
ce Ive the TRANSYT-7F timing (that minimized 
stops) or the SIGOP I fl timing (that mini
m I zed de I ay) as better wou Id be I eft to the 
judgement of the user. 

S111111121ry of 'Work Effort Required 

The fol I ow Ing summar lzes the work effor re
quired for the example problem. 
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Data Collection - Al I data required were 
readily available from the traffic engineer's 
office. 

Data Coding - The coding of the NETSIM input 
data required conslderable time. Approxl
mately 20 hours were required to develop the 
I Ink-node diagram and to code the data. How 
ever, i t i s be I i eved tha t per sons exp er i enc ed 
in coding of NETSIM could accompllsh the work 
In less than 12 hours, since conslderable 
time was spent referring to the User's Guide. 
An addltional 6 hours of review time was 
required to Identity errors and to resubmit 
4 runs prior to obtaining acceptable output. 

Computer Time - The required CPU tine var led 
from 67.1 to 71.9 seconds for the 900 second 
simulation period. A total of 294k of core 
storage was uti I ized. 
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CHAPTER 12 - PRIFRE (FREEWAY SIMULATION MODEL) 

In recent years, emphasis has been placed on 
encouraging higher vehicle occupancy as a 
means of increasing capacities of transporta
tion facilities and for conserving energy. 
One of the primary techniques of encouraging 
higher vehicle occupancy has been the desig
nation of a priority lane reserved exclusive
ly for high occupancy vehicles (HOV). 

The more comrron app Ii cat ion for the use of 
reserved lanes for HOV 1 s has been along free
ways, particularly those leading to the 
central city. Initially these applications 
considered giving priority to buses, however, 
in rrore recent years HOV 1 s have included 
passenger vehicles with 2 and 3 or nore 
persons per vehicle. 

Computer rrodel s for eva I uating these poten
t ia I applications were first developed in 
1968 at the University of California at 
Berke I ey. Since that time numerous models 
have been developed and/or expanded upon to 
permit a more sophisticated analysis. 

PRIFRE is an extension of two earlier models, 
EXBUS and FREEQ. The EXBUS model was written 
to evaluate mixed flow (i.e. buses and car
pools) priority lanes on freeways but was 
restricted in its flexibility in terms of 
capacity and demand changes over ti me. FREEQ 
(renamed FREQ3 later) was a similar rrodel 
designed to evaluate normal operations on a 
freeway and demand f I uctuat ion over ti me and 
distance as wel I as being responsive to 
actua I or i gl n-dest ination patterns and con
gest ion. 

PRIFRE represents a combination of the phi
I osophy of EXBUS and the rea I ism of FREQ3 as 
wel I as several further improvements. Re
cent I y, many of the features of PR I FRE and 
FREQ5CP (which evaluate priority entry con
trol) have been incorporated into a new model 
(FREQ6PL) which provides a more sophisticated 
evaluation. This model is available as part 
of the new FHWA PLANPAC 2 software package. 
Technical support is available through the 
Institute of Transportation Studies, Univer
sity of California at Berkeley. However, the 
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Figure 125. HOV Lanes Along FreE1Nay 

PRIFRE model described in this chapter can 
provide a useful tool to the prac1"icing traf
fic engineer in evaluating the potential 
benef i ts of priori ty I an es on freeways. 

MODEL DESCRIPTION 

PR I FRE is a reversed acronym for the FREeway 
PRlority Lane Model. The model is a unique, 
genera I purpose computer program written in 
FffiTRAN IV which has been in sta I I ed previous-
1 y on both the OJC 6400 and I BM 360 compu
ters. It requires approximately 80k bytes of 
core merrory on IBM computers. The model is 
included as part of the FHWA Urban Transpor
tation Program (PLANPAC) and has been widely 
used. The program consists of approximai"ely 
2500 I Ines of cooe with 86 percent action 
fortran stateroonts. 

The physical system considered by PRIFRE isa 
directional freeway with a priority lane re
served for high occupancy veh i c I es (HOV I s) 
and the on and off ramps to the freE1Nay. The 
freeway section is described as a series of 
contiguous sections which are internally 
operationally homogenous. The model al lows 
the engineer to evalua·te priority lane 
strategies on freeways. 
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PRIFRE can evaluate the existing condition 
without priority treatment for HOV 1 s and 
var lous types of pr for i ty treatments. In its 
present form the assumption is made that the 
priority lane Is a one-way "normal" flow lane 
which Is accessible only at the beginning and 
egress only occurs at the end. But, with 
manua I lnterfac Ing, It can ana I yze separate 
priority lanes, control flow lanes and ramp 
control schemes with priority entry for 
HOV Is. 

arameter Car 
Tltt-1 Cord 

Figure 126. Typical PRIFRE Data Deck 

INPUT REQUIREMENTS 

The Input data required for using the PRIFRE 
model does require data that Is not normally 
maintained by traffic engineers. Indeed this 
data, the origin and destination patterns 
(on-ramp/off-ramp) and vehicle occupancy, are 
the most difficult to obtain. 

Input data cons I st of seven (7) card types. 
These are stacked for Input as shown in 
Figure 126 and include the fol lowing types: 

Title Card - This single card describes the 
project under study. 
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Parameter Card - One card is used to estab
I i sh the parameters control I Ing the eva I ua
t lon. This includes the number of sections, 
time periods, output format, vehlcl e occu
pancy tor HOV's, gro«th factors and other 
parameters. 

Capacity Card - One card tor each section is 
required to descr lbe the information neces
sary to develop its capacity. 

Ramp Limit Card - One card can be coded to 
define special ramp capacities, due to 
special restraints, to evaluate the effect of 
queuing at the designated locations. 

Speed-Flow Capacity Cards - These cards 
define a set of curves the rodel uses to 
Interpret reduced speeds due to the volume of 
traffic. However, this card is optional. 

Time SI Ice Title Card - This card describes 
the periods under study. 

Occupancy Card - This card deti nes the 
percent of cars with various occupancy levels 
and add It Iona I on-ramp capac I ty Ii mi ts when 
developing ramp control strategies. 

Orig in-Destination Card One card is 
required tor each on-ramp and defines the 
number of cars exiting at each off-ramp from 
that on-ramp. Separate cards are required 
tor cars and buses. 

End 0-D Card - One card is required at the 
end of the I ast 0-D card to show th Is Is the 
end ot the data. 

A summary description of the input data for 
each card type Is shown on Tab I e 31. A more 
deta I I ed descr i pt Ion Is inc I uded in the 
reference material. 

OPERATIONAL SUt'MARY 

PRI FRE reads and checks the input data, warn
ing of detected errors and terminating execu-
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Table 31 - Input Requirements For PRIFRE 

CARD TYPE CARD DESCRIPTION REQUIREMENTS 

TITLE Provide title of si mu I at ion. Arbitrary Information. 
( 1 per run) 

PARAMETER Define parameters for entire No. ot sections & time periods, out-
(1 per run) simulation run. put reports, min. veh. occ. for 

HOV Is, lane operation, bus equiv. 
factors, etc. 

CAPAC I TY Define capacity of each freeway No. of I anes, capacity of normal & 
( 1 per section) section (max. 50). HOV I anes, I ength, desl gn speeds, 

truck & bus factors & presence of 
ramps by type. 

RAMP CAP AC I TY Define ramp capacity. Genera I ramp capacity and special 
(1 per run) capacities for up to 6 on-ramps and 

3 off ramos. 
SPEED-FLOW/CAPACITY Define user supplied speed- X(v/c) and Y (speed) coord In ates of 

CURVES v/c curves, if desired. curve (max. 20 points). 
(Opt ion a I) 

TIME SLICE TITLE Provide title for each time Time period, etc. of the period 
( 1 oer time oeriod) period to be analvzed. fol lowinq. 

OCCUPANCY Define vehicle occupancy for Avg. passengers per bus, proportion 
(1 per ti me period) specific time period and modi- of vehicles with 1, 2, ••• 5 or 

fiers to special on-ramps more passengers, and revised capa-
(max. 5). cities for specific on-ramps. 

0-D DATA Define vehicle and bus desti- One card for buses-vehicles per hour 
(2 per time period nations (oft-ramps) for traffic to each fol ICM Ing off-ramp, and one 

per on-ramp) entering on each on-ramp 
(oriain). 

END To terminate run. 
( 1 per run) 

tion when a fatal error is found. Once the 
data check has been successfully completed 
and the data stored in work f i I es, program 
execution begins. 

The program progresses serially, by time 
sf ice, from subsection to subsection, 
performing the fol lowing analyses (for a 
single run, as runs may be stacked): 

1. Ramp analysis is performed to determine 
if a ramp queue exists, develops or 
dissipates and comp i I es the appropriate 
delays. 

2. Volume ca I cu I at ions are performed us Ing 
the Input demands, O-D's and any existing 
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card for vehicles-passengers per 
hour to each fol lowlnq off-ramo. 
Code END OD. 

queues. If capacity Is exceeded, the 
freeway and not the ramps, Is queued. If 
the current subsection has the beg Inn Ing 
of the pr for lty lane, any ramp Input 
I ane, downstream or upstream with 
destination within the priority section, 
Is denied entry to the prior I ty I ane. 
Al I other HOV 1 s enter the priority lane 
and return to the general lanes at the 
end. 

3. Ramp merging analysts Is based on the 
ramp Inputs and estimated right lane 
volumes. Aga In, It the r I gh t lane 
exceeds capacity (due to ramp Inputs), 
the freeway Is queued. 
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4. Weaving analysis i5 confined to on-off 
ramp maneuvers and capacity reductions 
are computed using techniques from the 
Highway Capac I ty Manua I (Ref. 12.4). 
Weaving effects In the area of the HOV 
lane entrance and exit must be accounted 
for by adjusting the main I ine capacities 
in these subsections. 

5. Queuing analysis on the main I ine takes 
l nto account the propagation of shock
waves, whether rrov Ing upstream or down
stream, and adjusts volume vs. demand 
according I y. This process is somewhat 
complex and interested readers should 
refer to the original documentation (Ref. 
12.1) or documentation on the sub-model 
FREQ3 model (Ref. 12.5). 

6. Speed-flow analysl s uses the Hl ghway 
Capac I ty Manua I curves to deter ml ne 
travel time related Impacts, based on the 
flow characteristics computed earlier. 
Additionally, the user can Input up to 
nine of his own curves, which may be 
specified for use In any subsectlon(s). 

CCWUTATIONAL AL~ITHMS 

The most significant computational algorithm 
In PRIFRE Is the simulation function of 
FREQ3, which Is documented ln Reference 12.2. 
The simulation, whl le detailed, Is not overly 
comp I ex. 

Of primary Interest ls the speed-flow rela
tionship. FREQ3 has design speed-flow curves 
based on the Highway Capacity Manual (Figure 
9. 1). Th us there are three curves ava 11 ab I e, 
having desl gn (or free) speeds equal to 50, 
60 or 70 mph. Additionally, as stated above, 
the user may Input his own curves. If the 
default option Is used, speeds In the upper 
region of the speed-VIC curve ( l.,e. V/C < 
1.0 and no congestion) are simply taken from 
the speed-flow table. If demand exceeds 
capacity, a more complex calculation Is re
quired to take Into account the facts that 
queuing can extend upstream Into the adjacent 
subsection and that shockwaves effect the 
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speed. The equation for travel time Is 
stated as fol I ows: 

where TT 
1-1 

t 

= travel time in subsection i-1, 

r = speed of shockwave = 

and 

(12.2) 

Di - c1 = net rate of change In 
the number of veh l c I es in sub
sect I on 1-1 , 

L 1_1 
= length of subsection i-1, 

To 

o, 

Ur 

= queuing density In subsection 
i-1 (vpml, 

= non-queuing density In 
subsection i-1 (vpm), 

= t I me Interval (e.g. 0.25 
15 min.), 

= derrand for subsection I, 

= Volume of traffl c I eavl ng 
subsectl on I• 

for 

and, 

These speed-v/c curves, and the above a I go
r I thm for congested flow, have not been wide
I y accepted by recent researchers, and the 
user should strongly consider using his own 
curves. These may be based on observed data 
or derived. A single formula for obtaining 
speed (or rather travel time) as a function 
of denand ( whether I ess than or greater than 
capacity) has been found both useful and 
accurate. Th Is model Is expressed as 
(Reference 12.6): 



where t = average travel time over the 
subsection, 

average tr ave I time over the 
subsection at capacity, 

(12.3} 

q = average demand in the subsection, 
and 

qm = capacity of the subsection 

The user can easily calculate values oft for 
various values _of q/qm and input this table 
as a user suppl 1ed speed - v/c "curve". 

A second significant algorithm deals 
weaving effect. Again, Highway 
Manual techniques are used. The 
volume is calculated by: 

SV = [v + Ck-l>w
2

J/N; 

where SV = service volume, 

V = total volume (demand}, 

k = weav Ing influence factor, 

INSTilUE OF TRINSFORTITION IND TRIFFIC ENGJNffRING 

UtU'VEA5I1l Cf ClllFOANtl 
BERKELEY, CIL IfDRNJI 

with the 
Capac I ty 

serv Ice 

C 12.4} 
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w
2 

=smaller weaving volume and, 

N = number of lanes. 

All other computations are similarly based on 
Highway Capacity Manual techniques or other 
commonly accepted techniques. 

OUTPUT REP~TS 

The outputs from PRI FRE consist of four 
groups (1} a Ii sting of input data, (2) 
messages concern Ing the queues, (3) summary 
table of numerical resu Its, and (4) travel 
times. These are covered below. 

Input Data Listing 

The general and subsection Inputs are echoed 
in a readable format as shown in Figure 127. 
The column headings are as fol lor1s: 

1. SSEC NO. - subsection number. 

2. P - whether normal (blank} or priority 
subsect Ion (P}. 

VfRSION n.o 
PIGf NO. 

HOV EXIMPL:'. 1-95 HltHIUIRFOAT JCIUY TO SOLON GLIDES 1-£ llIO • LUIES ' F'EAS HOY LN 

INPUT .)IJI 
21 5U8 ~£ C 11 CNS FIClll= 2. F ICC21: 1. FRIDRilY cur-off= ,. OPT ION: l 0 

PASSENGER CIR UIUIVILENCT OF BUSES INnRHt U ' 
SSE: NO. Ct F. CIP 1 LENG NOR UNR RES TAK. 
NC. P '" P. LN. SPO SFO SPO F IC. 

l ' nso. O. 0 1000. 60 60 500.970 
2 • ' fl3'!i0. 1500. 1390. 60 60 li00.'970 

' F ; !U'.'.I 0. 1500. 13flt. 60 60 600.970 

• • ' H!O • t!DO. l29fl. 60 •• li00.970 
s p • iDD0. t!t00. 900. 60 60 600. 970 

•• • &CCC. 1500. 1863. 60 60 liOo.•no 
1 p • i000. 1500. 2s11. 60 60 600.970 

•• • liCCC • 1500. 2075. 60 60 600.970 

• p • &000 • 1500. 3091. 60 60 li00.97C 
10 P • 6ct0. 1500. 16flfl • 6C 60 li00.97C 
1l F s li50 • 150-0. 105fl • 60 60 600.970 
12 • • 6CCO. 1500. 1506. 6C 60 ,00.~nc 
u F • ,000. 1500. 379'i. 60 60 600.970 ,. , • lDC0. 1500. 1982. 6C 60 ,oo .970 
1S p • ,000. !SOD. 1•1a. 60 60 600.970 
16 • • ,cco. 1500. uao. 60 60 600.970 

17 • J inso. 1500. 1890. 60 60 600.970 
11 • ' fl350. 1500. lll lfl. 6r 60 600.97C 
u p ] IIJS0 .. 1500. 2u•• 60 60 600.970 
20 J fl350. 1500. 500. 60 60 600 .97C 

21 ' 1uso. 0.0 1000. 60 60 u,0.,10 

RIMF llfi'JTS :1500• 
ON-PUMP 1 tlMil =fl350. 
ON-AIMP 2 t IMI1:fl350. 

2.00 PISSFN6(R CIP fGUJVllfNCY 

DAG. LFT sue $ECTION LOCITIPN 
OE S • ... 

0 9( GIN Sf C'l ION uncs. 
0 BEGIN PRIORITY LO,E , tIRPORl :X-WtY ON 
0 L tNE DROP 

0 0 Ei? Sl OFF 
0 0 62 ST ON 
0 0 6° Sl ON 

0 0 79 Sl OFF 
0 0 81 ST ON 

0 .. ST OFF 
0 a5 Sl ON 

0 0 103 ST OFF 
0 0 10 3 ST ON 

0 0 11ct ST OFF 
0 0 115 ST OFF 

0 us lliil ON 
0 0 135 ST OFF 

0 0 135 ST ON 
0 0 T" ST OFF 

0 FNO PRIOIHTV LtNE. 
0 ft.O SlClION 

GAO WTH Pf RIODS IT RI Tf 
UF 8USESCFRIOR1TYJ ' 

Pt GIN SEC TS• I 01 

n, 
n1 
Ol 

"' o, 
ns 
0] 
n6 
o, 
07 
OS 
06 
na 
n1 
n• 
OB 

"' 

Figure 127. Example PRIFRE Input Data Listing 
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1. DO 1 CCCUPINCY SHIFTS 
1. £,0 
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NO.LN number of lanes (excluding 
priority lane). 

4. CN'. - capac I ty of norma I or unreserved 
roadway. Note that a very large capacity 
is given tor the first subsection. This 
Is to prevent queu Ing out of ( up-stream 
of) the study area. Indeed this example 
begins at a tol I station where queuing 
normally exists, but it Is not to be 
Included In the PRIFRE simulation. 

5. CAf' 1 P.LN. - capacity ot priority lane. 

6. LENG - length. 
JNS1l11,;1[ CF TAINSPORllTION IND TRIFfIC f:NGIN£EAIN6 

UNIWERSUY DF ClllFORNII 
BElillEllY• CtLlFORNJI 

ll1'!'. SLJCE ; 6:00 PM 

7. 

8. 

Nffi SPD - speed curve for norma I I anes. 

LNR SPD 
I anes. 

speed curve tor unreserved 

9. RES SPD - speed curve tor priority lanes. 

10. TRK.FAC. - the truck factor (0.970). 

11. ffiG.DES. - an O indicates an origin at 
the beginning of the subsection and a D 
Indicates a destination at the end. 

12. LFT RMP - wou Id be 1 It any ramp was on 
the I ett. 

VE RSI ON 
PIGE NO. 

NO. OF PRIORITY ttNE'i = l 
RE'.iERVED PRIORllY DFERUIONS 

.GROWTH PERIOD 0 OCCUPINCY SHIFT l 
UNRFSERVEO OR NORMIL C!PERHIGNS 

···································································· 
SUB fINIIL t,; MO. DAI 6. FS VOL COP VIC DEN """ TRIY UN NL VOL C IP W [IV[ V /C Of N HPH TRIV • Lf NE OUf l..E 

SEC CSE Ct:S TOUt V/M/L TI ME NORN Eff V/H/L TIMf. . FEET •• 
, .:'-£ 1000. 10cc -101 • l 

2 
3 

• 
5 

• 
l 
a 
9 

10 
11 
12 

13 
10 
u 
16 
17 

" u 
to 
21 

ll3S. 0.0 
C .C c.o 

1331. 0 .o 
o.c c.o 
o. 0 "· 23C • c.o 

1.so. 0 .o 
o.o 1?8. 

357. c.o 
o.o lZII. 

1,s. 0 .o 
0 .c :uo. 

12,. 0 .o 
o.o Zl 9. 
o.c 221. 

lllh ,.o 
o.o 1105. 

1,2. c.o 
o.o 10 2. 
o.o 0 .o 
c.c 2611. 

1J35 
1335 1 61 • 2,,, 1 61. 2,,, 1 ... 
2666 1 61. 
2829 1 61 • 
2959 1 61. 
2959 1 61. 
3188 1 61. 
3188 1 61. 
3209 1 61. 
1209 1 ... 
1153 1 61. 
3153 1 61. 
29JII 1 ... 
2862 1 61 • 
2862 1 61. 
2633 1 61. 
2633 1 61. 
253111 
253• 

JNFUl POINT 
M RGI N6 POINT 

lOHL 

l"iOO.O .0111 1. 53. o. 30 
tsoo.0.011 1. !i3. 0.2~ 
ll500e0.011 1. SJ. 0.10 
1500 • 0.011 1. 53, 0 .19 
1soo.o.o• ,. ... o. 110 
'1500.0.0fil 1. ... 0 .ss 
1500. o.o II ,. ~3. 0 .11111 
1500.0.0111 ,. ~3. o. 66 
1s00.o.011 ,. "· 0 .35 
1soo.o.o-. 1. 53. 0 .22 
t soc.a .011 1. ~3. o. 3? 
1soo.0.011 ,. 53. o.s1 
1500.D.0'4 1. ,,. 0.111 
1 !liOOeO .OIi 1. 53. o. '.112 
1soo.o.o, l. 53. 0 ••• 
1500.0,011 l, 53. 0.11110 
t soo.o .o" 1. 5 ,. o. 73 
1500.0.011 1. 53. 0 .53 

9U[UE L£N6TH DELIY 
VF'HlCLES YEH-HRS 

ggg.19 1036.90 
0 .o O .o 

999.19 l03fi.90 

N ] 1113f.; • '1350. o.o o. ,3 ... s. . 
u 2 1313. 2'300. o. 0 0.111 "· .. 1 .91 . 1390. 1390 
u 5 27011 • 1750. o.o o.,r; 103. .. :, .g:, . 13141. 13111 

u • 2101111. 6120. o.o 0.11111 91. ,. 'i. 0'.11 . 3291f. 3L9ll 

u 3 17011. 111500. o.o o. 60 7S. 12. o .es . 900 • •oc 
u 3 2867. 11500. o. 0 Q.611 "· 13. 1 .60 . 186 3. 1863 
u 3 7q~7. 11500. o.o o.67 l O. ,. . 2 .06 . 2'i 11. 257 7 

u l 2997. •soo. o.o o. 67 70 • 1•. t.66 . 2075. 2075 

u 3 3726. 111500. o. 0 0.12 .,. 16. 2.19 . 30C\le :rnq1 
u ] 37U. 11500. o.o 0.11 6 l • ,. . 1. 17 . lf'-lt• 16ft If 
u • 37117. 6170. o,o o.s1 ., . 10, J.21 . 105'-• 1051t 
u ] 32fl7. flSOO. o.o 0.72 67. 16• 1. 06 . 1506. 1S06 

u 3 31,1. ,soo. o.o 0.71 68. ... 7 .111 . 31,s. !79~ 
u 3 ]1q1 • 11500. o.o o. 71 68. 16, 1 .113 . 19820 1'382 
u 3 24177. ,soo. o. 0 0.66 "· ... 1.10 . llt78. llt7B 

u l 2,00. 41!.00, o.o o. f. 72. 13, 1 .sq . 18 eo. HBC 

u 2 2900. 2900. o.o J. 00 ... 2~ • 0.11 19qo. C 

u 2 26'i7o noo. D. 0 O.CJ2 "· 36. 1 • 07 31t31to 0 
u 2 26"i7. 2900. D,O o. ~1 16 • 36 • o.n 21f7'4 o C 

• 3 ?61 l • 11350. o.o o.~ o 20 • "'· 0 .13 ~00 • C 
N ] 261 J. 41i350. o.o o.t.o 20. "· 0.26 1000. 0 

Figure 128. Example PRIFRE Simulation Results - Priority Operation 
JN'SlllllE (f TRO,;SFOATlHON INO TRIFFIC ENGINEFRING 

UNIVERSITY OF CILlfOANU 
BEAHLE'f, CllIFORhH 

TI'1':: SL ?Ct ; 6:oo PH 
ND• OF FRIOAITY LINE~ = 0 

SU3 FIN•L J~ ,uNO Of:11811 VOL F MAY WUVE VIC Of NS MPH 
c;[C (Fl( DES tOlll CIF [Ff V/H/L 

I 13,,5. o.o an• U35. •l'iO • 0 .o 0 • 31 .. . .. 
2 C .c o.o lH~ IJ35o 1113'iC. o.o Co31 .. . .. 

l 1331. o.o 1"' H66. flJJ00 • 0 ,0 0 .1, .. ,o. 
c.c C,O 26'1 1666. l6'i0o o.o o., .. 11. . .. 

5 0,l 67. 1HI 2666 • 6~ oo. 0 • .o 0 • 1111 ... ... 
• 23C. o.o z•i~ 2129. ,ooc. o.o 0.111 "· "'· 1 11c. o,o 2959 29159. 6000. o.o 0 .lllflJ 16. ... 

c.c n,. zg151:1 1gs1. 600Co o.o 0.119 ,._ •6. 

' 3'i7. Oo C 3188 3188. 60 C'IO. 0 •• 0 o'iJ 18 • ... 
1C c.c 1211. 3188 3188. 6000. o.o 0.51 1 •• . .. 

11 1115. o. 0 32C9 3209. lfi'iC. C oO 0 .1111 '"· •8. 
12 c.c 180. 3209 3209. 6000. o.o O."il I•• 1115. 

13 1111. o.o 31 'iJ 31 Sl • 60 (10 • 0 .o 0. S3 17. .,. ,. c.c ag. 315:t 3l"iJ. 600C. o.o 0.53 "· ... 
15 0., 121. 7931t 2931t • 60 oo. o.o o. 111q ... •6. 
16 l llS • o.o 2862 2 862• 6000. o.o 0.1118 15. • 6. 
17 0.0 191 • 2862 2867. 111,"i(). 0 ,0 0 • 66 ,:11. .,. 
18 1E2. c. 0 263] 21.33. ltl"i c. o.o 0.1.1 20. 11 J. 

" 0., ... 76 33 16 33 • lll]'iO 0 0. 0 () .61 ,o. "· 2C c.c o.o 253111 2'illll. 1t3"iC. o.o c.s11 ,._ ... 
?1 ,., 2'>31t. 2!13111 25311 • 111:!l'iO. 0 ,0 o .s8 19. . .. 
Figure 129. Example PRI FRE Simulation 
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GROWTH PERIOD 0 
tRIV LENG QUfUE 
TIME FEET 
0.23 1000. 0 
0.32 1390. 0 
0.31 13111. 0 
0.11 3241111. 0 
o. 22 900. 0 
Ooll5 1863. 0 
o. 63 2517 • 0 
a.st 2075. 0 
0.17 3091. 0 
0.111 Uiltlf. 0 
0.25 lO'illl. 0 
0.]8 1so,. 0 
o.g5 3741~. 0 
0.11 g 1,a,. 0 
O. 36 l1tl8. 0 
o ... , 1880. 0 
a.st 1890. 0 
o. 90 11111,. D 
0.65 7117111. 0 
0.11 soo. 0 
o.n, 1000. 0 

Rasul ts Non 

•• 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o. 0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

VE RS ION 
PUl NO. 

DCC UPI NC Y SHIFT 1 

22. D 
12 

Priority Operation 

-101 • 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 
-101. 

o.o 
o. 0 
o.o 
o.o 
o. 0 



13. SUBSECTION LOCATION 
subsection. 

I andmark( s) of 

Additionally, at each time slice the origin
destination tables for priority vehicles and 
non-priority vehicles are echoed. 

Queuing and Numerical Results 

These occur on the same report, an examp I e 
of which is shown In Figure 128. The column 
headings are defined In the Figure for the 
numerical results. The queuing messages 
appear above the table. There are four of 
these messages which may occur. The first 
Is of the type "QUEUE COLLISION 6 T2 = .106," 
wh lch means that a queue in subsection 6 Is 
growing (I.e. backing upstream) and left 
the subsection (I.e., entered subsection 
5) at 0.106 hour after the current time 
sl Ice. When T2 = .ODO, the queue began the 
time sl Ice with a queue already backed 
upstream. 

The next message Is "QUEUE SPLIT 
that (In this case) subsection 
handle the sum of demand and 

7" Indicates 
7 cou Id not 

discharging 

TRAVEL lPE FOR ON£ NON-FRIORilY HUF .OJ MINUTES 

0 I 2 ' • 
I 13(7 • 1 f39. 217'i• 21fC2. 

2 8!l0. i.12. 17118. 11ns. 

' c. 1:33. 869. 1096. 

• ,., ~ 72. 708. 935,, 
5 c.c o. 336. 563. 

6 a., o.o o. 121. 
7 c.c o.c o. C c.o ,., o. 0 0 .o o.c 

c.c c.c o. 0 o.o 

TRA'4£l 1 lf'E FOR ONE FAIORITV 
0 l 'J :, II 
1 Hit,. ~23. 62111• 678. 

2 118. 757. 358. 1113· 
3 c. 139. 2110. 2,s. 

1111 o.J ,,. 200. 2ss. 
5 C.C 0. 101. l'i6e 

& ,., o.o ~- 55. 
7 c.c o.c o.o c. 

!I :i.:, o.o o.o o.o 
c.c o.o o.o c.o 

F~::::wu JRIVEL TI"£ (NOR, 
f'JilH~IY lfU._U TIME fUNRI 

f'R!!WAr JRIYEL llHE (RESJ 
HFlT 0EllY fNOAI 

INFUT 0ELIY (UNRJ 

T0Ul TFUHL OISTINCE 

TOOL 1RUEL fl"'E UN0EJil 
PRIJAIJY QP! RUJ0NS 

5 6 7 • 282CI. zcn~. 3171. 3355. H9'i. 
2193. 2 513. 211111. ?928. 2q 68. 
151 J. 1633. 186111 • 20,e. 1oa e. 
13'iJ,. 11173, ·1101-. 1888. 1111 28. 

qec. 1100. 133?. 1516. 1 55 c:;. 
6111111. 7611 • 996. 1180. 12 1'9. 
411 7. 537. 7Ejq,. gr;3. Cjq ,. 

o.o 0. ?3?. "16. II 55,. 
o. 0 o.o c. 18111 • 22 ... 

TRJF .01 H INUT£ S 
5 6 7 • • 801. 833. •3111. 10110. 1 07 '9. 

!5:16. !,68. 6ft8. 7711 • 8111. 
111 a. ,50. 530. 656. 6'1Fi. 
3 78 • 1110 • 11 '10. 617. 6 ~E,. 

27 '1. 311. J'11. 517. 55 ,. 
178. 210. 2~0. 111116. II~,. 
173. 15'5. 2"3'5. 361. ,01. 

o. 0 o. eo. 207. 211161 
o. 0 o.o c. 126. 166. 

CUPRENT TIHE INlEAVIL 
:11. YEH-HRS ... Pl C.C.-HRS 

7ti0. VEH-KRS '121'i. PISS-HRS .. YEH-HRS ... Pl SS-HRS 
10:n. YEH-HRS 111"3'1.PISS-HRS 

o.o YEH-HR~ o.op1c; S-HRS 

11050 ■ V[H/Hl ■ 15028 ■ PISS-HI■ 

l 818. VE H-HRS 211116 • Pl SS-HRS 

J0UL JAIY!L Tl"l UNDER NON-f'RJORilY OFERITIONS 

TRAVEL TJH SIVINGS OVER NON-PRIORITY OF(RITIQN: 

PRIFRE 

vehicles and an existing queue spl It Into 
two. The subsection becomes a bottleneck. 

The last two messages occur In the last time
s I ice of a decreasing queue situation. PRI
FRE tries to cl ear a queue at the end of a 
time-sl Ice but this is not always possible. 
Thus, If a time sl Ice is 0.25 hour long and 
the queue length reaches zero at 0.231 hour, 
the message 11 SEC 7 TL = 0.231 11 occurs. 

If the queue st 11 I ex I sts after O. 25 hours, 
It Is cleared and the message 11SECT 7 CLEAR 
153" occurs, and 153 vehicles were Instanta
neously discharged from the queue. 

If no priority operations exist, that is, the 
user Is simulating existing conditions to 
compare with the pr lor I ty cond It Ion to be 
11 I mp lamented," the output report Is of the 
form shown In Figure 129. 

Travel Tl111e and Suaaary Data 

The next output Is the travel times. Tables 
of single trip travel times In hundredths of 
a minute from each origin to each destlna-

CUJltUllTIVE VllUES 
183. YEH-HAS 7!0e PISS-HRS 

'l868. VEH-HRS 1181111 le Pl SS-HRS 
38e VFH-HRS '18 • PISS-HRS 

1q91111. YEH-HRS 2815.PISS-HRS 
0,0 VEH-HRS O,OPISS-HRS 

688811. YEH/HI. 96253 ■ Pl SS-MI ■ 

6083. VfH-HRS 8170. PiSS-HRS 

18,J, VFH-HRS 2!01, PISS-HRS 

Figure 130. Example PRIFRE Summary Report 
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tlon, both tor non-priority trips and prior
ity trips (see Figure 127). Below these 
tables are the sll!lmarles of normal, unre
served and reserved total travel time (veh-hr 
and passenger-hr) and the Input delays. Al I 
data are given tor the current time slice and 
cumulatively. Then total vehicle-ml les and 
passenger-miles are given and finally the 
comparison of total travel time (al I vehic
les) under normal vs. priority conditions and 
the savings real lzed by priority operations. 

ADDITIONAL FEATURES 

PRIFRE is a special purpose simulation model 
and does not have any overt additional fea
tures. However, by proper man i pu I at Ions of 
input parameters an expanded range of control 
strategies can be analyzed. For example, If a 
fixed-time metering system exists, this can 
be simulated by altering the affected ramp 
capacities from the normal (e.g. 1500) to the 
metering rate (eg. 900 vph). 

A I ater extens I on of th I s mode I ca I I ed FREQ-
6PL combines the priority lane analysis with 
the freeway s i mu I at Ion and entry control 
optimization model FREQ - series (see Chapter 
14). 

APPLICATIONS AND LIMITATIONS 

PRIFRE is a simulation tool which can be used 
to analyze and evaluate existing (normal) 
operations and priority operations where one 
or more lanes is reserved tor buses and/or 
carpools. Comparative data al low the user to 
assess the benefits of such priority control 
strategies and estimate the cost effective
ness of a traffic improvement of this type. 

The pr lmary 
fol lows: 

limitations are listed as 

1. The HOV lane can have only one entry 
point and one exit; thus concurrent flow 
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lanes cannot be adequately studied. The 
PRI FRE documentation (Reference 12. 1) 
recognizes this and some preliminary work 
has been reported on techniques to over
come the deti cl ency. A program LCHANGE 
has been written to calculate the re
quired distances for lane changes between 
any two lanes on the freeway ( Including 
the freeway (including priority lanes) 
and weaves from an on-ramp to the HO\I 
I ane, and converse I y, from the HO\I to an 
oft-ramp. LCHANGE has not been incorpor
ated into PRIFRE per se; however, a later 
combined version of this and another pro
gram, ca I I ed FREQ6PL goes a I ong way to 
overcome this deficiency (Reference 
12.7). 

2. Since PRI FRE Is only a mathematical re
presentation of a highly stochastic phy
sical operation, some properties are not 
totally realistic. The major problem 
detected by the developers has to do with 
the hand I in g of queues on the tr eEM ay. 
For example, when trying to evaluate 
improvement plans which cal led tor adding 
auxiliary lanes with the algorithm pre
dicted earlier, longer and slower queues 
developed when two queues collided. This 
was prob ab I y due to an er ronwus assump
tion of a linear relationship between 
shockwave speed and queue grC11tth/dls
charge rate. 

3. The lnstantanenous propagation of vehl
:: I es from upstream to downstream resu Its 
In spiraling errors which limit a study 
sect Ion to about 10 mi I es, otherw I se 
gross errors can occur. Under 10 ml I es, 
the approximations are more reliable. 

4. Such assumptions as constant demand and 
homogeneity of t low within subsections 
and time slices lead to obvious over
sights. Thus the results must be con
s i dared to be the "average operation of 
an Incident-tree freeway where al I driver 
behavior Is exactly predictable." 

5. No consideration Is given to violators In 
the HOV lane, or qual I tied HOV 1 s that do 
not use the priority I ane. 



Despite these shortcomings, PRIFRE can afford 
the engineer with an important tool for 
analyzing proposed transportation Improve
ments. Several projects which were studied 
with this model have proven to be highly 
successful in carrying rrore people in the 
same number or fewer veh I c I es, and at higher 
speeds. 

EXAMPLE APPL I CATI ON 

To illustrate the use and capabilities of the 
PRIFRE model an existing freeway section in 
Miami, Florida was selected as an example 
application. The following describes the 
freeway characteristics and the use of PRIFRE 
to evaluate the use of a high occupancy vehi
cle (HOV) lane. 

Probl• Description 

The example freeway is 1-95 in north Miami, 
Florida. The section under study extends 
from the Interchange with the Airport 
Expressway north to the Interchange of 1-95 
with Palmetto Expressway and the Florida 
Turnpike. 1-95 is the primary highway facil
ity in this northern corridor of Dade County 
connecting major residential areas In north 
Dade and southern Broward County (Ft. 
Lauderda I e) w I th major emp I oyment centers in 
the greater Miami area. 

1-95 was a six to ten lane, divided, tul I 
access control led interstate highway. in 
1975 It was determined that an effort would 
be made to use this tac I lity as a demonstra
tion to determine the potential benefits, of 
preferential treatment for high occupancy 
vehicles (HOV 1s). 

For this example application several alterna
tives were to be evaluated. One set of 
alternatives was to look at the designation 
of one of the existing lanes for HOV 1 s at 3 
person per vehicle and 2 persons per vehicle. 
The other set of a I tern at Ives inc I uded the 
construction of an additional lane and evalu
ating operation without HOV lanes and with 
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with HOV lanes, each with 3 and 2 persons per 
vehicle. 

Figure 131 provides a graphic sketch of the 
existing freeway, Its Interchanges and the 
more important characteristics. The existing 
and future traffic lanes were al I 12 foot in 
width. The PM peak hour for northbound traf
fic is to be evaluated. The peak hour factor 
is .85 with 3% trucks. For the purpose of 
this problem no adjustment was made tor 
grades or obstruct ions. The deve I oped capa
city tor the existing lanes and the addition
al (priority) lane are shown on Figure 131. 

Analysls of Existing Conditions 

As part of each set of input data the exist
Ing conditions (without prior I ty I ane opera
tions) Is coded as wel I as an alternative 
priority lane operation. PRIFRE does not 
have a standard input cod Ing form, therefore, 
a copy of the 80 x 80 I I sting of Input data 
Is shown on Figure 132. It shou Id be noted 
that the blank spaces are Bus CX" igin & Desti
nation cards which must be included even if 
there are no tr I ps made, as shown here. 

The results of the simulation run for exist
ing conditions are shown on Figure 129. At 
the top of the report is a description of the 
Input data for the estab II shed parameters and 
the section characteristics. 

The measures of effectiveness tor the exist
Ing operation are shown as part of the cumu-
1 atlve statistics at the end of the existing 
operation simulation. Under existing opera
tion 1,893 vehicles hours and 2,901 passenger 
hours are required of the traffic using the 
portion of the freeway. Dur Ing this two hour 
period the freeway served 80,483 vehicles
miles ot travel and 123,215 passenger-miles. 
There were no input delays for vehicles 
enter Ing the system. 

Define and Analyses of Alternatives 

The first alternative Included a parameter to 
define one existing lane reserved tor vehi
cles with 2 or rrore persons. Figure 133 
shows the results of the simulation run under 
this condition. 
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Florida Turnpike -

Palmetto Expressway--

151 st. Strut 

135th. StrHt-N. 

13 5th. StrHt -S. 

12 5th. Strut 

I I 9 111. StrHt 

103rd. Strut 

95 th. Strut 

8111. Street 

71th. Strut 

64 th. StrHt 

62 ftd. Strut 

Lane Ora, 

I-95 
I 
~ 

~ 

\ tr 

~ F 
~ r-
\ r-

~ r-

~ r-

~ ): 

....L :L 

~ r 

..t< )-,._ 
Airport ExpreHway----~ 

NO. 

21 End Sect Ian 

20 E11411 Pr lor Lone 

II off - ro•p 

,. 
•• -roap 

17 off -raa, 

16 on - ramp 

111 off - ramp 

14 off -ramp 

13 011 -ramp 

12 off - ramp 

II on - ramp 

10 aff -ramp 

• an -ramp 

8 off -ro111p 

1 OIi - ro•p 

6 on - ramp 

5 off -ramp 

4 la1u drop 

a on -romp 

2 •••• Prior LOH 

I le9l11 Sact1011 

Note: 

SECTION DESC.-JPTION 

LENGTH LANES 

( FT.) EXIST. l"IU°" TOTAL 

1000 3 0 3 

500 3 0 3 

24 74 3 I 4 

3454 3 I 4 

1190 3 I 4 

1880 4 I 5 

1471 4 I 5 

1982 4 I 5 

3795 4 I 5 

1 !106 4 I 5 

1054 5 I 6 

1144 4 I 5 

3091 4 I !I 

207!1 4 I !I 

2577 4 I !I 

1863 4 I !I 

100 4 I !I 

3294 5 I 6 

1341 6 I 1 

1390 3 I 4 

1000 3 0 3 

Figure 131. PRIFRE Section Data tor 1-95 Example Problem 
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CAl"ACltY (v,11) 

EXIIT. ,111011. TOTAL 

4350 0 4350 

4350 0 4350 

4100 1100 •ooo 

41100 1500 •ooo 

4100 1500 1000 

51!10 l!100 7150 

51!10 1500 7150 

!1150 1500 7650 

515 0 1500 7UIO 

!1150 1!100 71!10 

7800 1!100 9300 

51 !10 1500 7650 

!II 50 1!100 7650 

!1150 l!100 7550 

!1150 1800 7.50 

!1150 l!100 1•so 

!II !10 1!100 71!10 

7,800 1!100 9300 

8,4!IO 1500 10,1!10 

4500 1500 1000 

43!10 - 43!10 



PRIFRE 

HOV EX I MF L: I -g<, MI IHIIIIRFPRT XWIY TO GOLON GLl(HS >-E xr~r. L INfS 7 PFRS HOV LN 

21 2 1 2 l 0 l, l 7. 1, f, 

1 USO lC CO F.O 6C 60 ,97 r BE GIN S!Cllf•N CLO CS, Bl GIN ~FCTS, > 01 

2F 3 q350 l ~00 13qo FO 6C 6C ,97 BEG IN FPiliRITY LI NE 

H 6 9100 l'>CO 13qJ f.O 60 f.0 , 9 7 n ?IIRF □ Rl X-W •Y [N 07 

H 5 7550 1500 .i2 ~q 60 £0 6C ,97 L l Nf 0 ROF 
SF 6JOO 1500 9(0 f,0 60 6C ,97 0 ~7 q (<FF 0 l 
5F 6JCO 1500 18f.3 £0 60 6C ,97 (1 62 q ON 03 
7F q fJ O 0 1500 7 5 77 6C 6C f,Q ,97 r f,9 q l'N □-SP q 6JOO 1500 70 7~ 60 60 FO ,97 D 79 ~T c,F F 02 
~F q 6000 15CC 30 91 60 f.C f.C .~7 n Bl q l1N n~ 

lOF q 6000 1 r,00 Hqq 60 60 fC ,97 0 9S q (1f F 03 
llF 5 'lo SJ l 5CO lC~q f,Q 6C 60 ,97 n 9~ q (1~ Of. 

12F q ,000 1500 15 C6 60 6C 60 ,97 D lC ~ ~T OFF oq 
13F q 6000 1sco 37 9', 60 6C f. C ,97 0 lC ~ q (11>; 07 
lH 6000 1500 19 E7 FO 60 6C ,97 0 11 ~ Sl OFF 05 
lSF 6000 1 5CO 1 q 78 60 6C 6C ,97 0 17~ ST UH Of. 

lSF q 6JOO 1 'iOO 18 80 to 60 f; 0 ,97 r 17~ q (I~ 08 
17F 3 q150 l 5CC l B 90 f,O 6C 60 ,97 D 13~ q DF F 07 
lSP 3 -!50 1 ~co 34 ;iq lO 60 60 ,97 0 t:;5 ST rir-, 09 
l3F 3 nso 15CC 2 q 74 EC 60 60 ,9 7 0 1q q ClF F DB 
20 3 4350 1 5CC ~ co bO !,Q 6C ,97 ENO FRillPITY L lNf 

21 3 q150 1 C CO FD 6C 6C ,97 0 ENO ~EClIPN 09 
1~00 l 4 l~O 2 • ~~o 

TIM£ SL Jc;; 3;30 F~ 
•o ;e.s. '?.-1 5,3 ~-? • B 

;, 

r 

53 10 0 10; 1 ;,q 12 9 l 36 n1 ·•1234 
59 3B p 109 159 110 7C'i ~c 12 s, 

0 II 20 l 6 26 ~q tn 29 
0 2 •1 7 1. l~ l ~ q 147 
0 0 ', 17 21 74 6 .i 1~ qqc 

0 C 0 l q 18 7q 11 177 
0 0 C 0 1C 15 2l •10 1q£ 
0 0 0 C C 0 l l ~ 275 
0 0 C 0 C 0 D 7 260 

TB:: SLICi: 2 q :o C FM NOTE: Coded bus and vehicle 
•o ; 3. C ,4,7 1,2 ~- 6 n. r O&D cards for other time 

periods were not included 
in this figure, 

TIM£ SLICE 6:oo FM 
•o 71,0 7 2, 0 •• 7 l, B . ~ 

• 
I 

q5 3 • 93 109 109 115 201 0510q7 
H 33 53 97 13£ 109 177 03109:1 

0 ' 5 •16 15 77 qq B 195 
C ]'; 13 13 l3 7 120 
0 0 'i '15 18 20 5q 13 371 
0 0 0 1 • 15 23 q 14q 
0 0 C 0 8 13 19 B 12 .I 
0 I C C C 0 ll 5 190 
0 0 0 0 0 0 0 5 219 

EN) 0.) 

Figure 132. PRIFRE Input Data Listing for 1-95 Example Problem 
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PRIFRE 
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LflHERltJH IF ttllf£1"t,,11 
3 E 1:11(~ L: Y, : IL l F nRNl I 
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E F II EC re, 1 -;cc. 18h 1 • 

7 F II SJ'.' C. 1 'iCC, ;, L, 77, 
e F II ECfC, 15CC. 7l.7<,, 

3 F i ;J"C, J5CC, H'ql, 
1( F ti £CCC', 1 ':iCC, U:1.11.1, 

11 F c. F.'r':. t'iCC. n:r.,11, 
1, F Ii rue. 1 'iCC. l'iCf, 
1, e II SJ': C, l'iCC, qo.,, 
111 F t1 

1 5 F ~ 

1E F t1 

17 F • 
II F 

EUC, l'iCC. 189r:, 
!H' C, l"iCC • l p;q,: • 

II ~ I C • , .., C C • • II lj ... 

1 3 F - :. ~ ° C • l 'i CC• i'" 7 11 • 
,c ,.,.c. 1c,cc. •,er,. 

" < ~ t ; ':. C. C 1,. 0 '1. 

c;1p,F tH:1<; :t<iC'". 

f.c re F.rc.~n 
Fi" hC 6CC o'fl':' 

F--r ro F.cc. 97C 
.,,.. 6C FiCCo'HC 
F,.. (,C f.CC. SH 
F--r r,.c i;cc.'37D 
r,.. f.G f;C Co ~7C 
a:;r. hC 6CCo'37C 
re. re 6CC.97C 
Fi" E, C 6CC .'37': 
P' £C f.CC.~7C 
f:r i:.c Gcc.•nc 
Fr r C £CC.. 07 G 
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Er f,C F. C (. ~ 7 C 
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Fr. f>C !>CC .q7r-
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f'~-?fP,F 7 L T,.IT:IH"t"'. 

r: oc r:· 
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,1 
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~,Ii• r, F er I OP I 1 Y l t t,.;f. <:; = 0 
SJ3 r1,P. 1:1-1n·'1 [•i:-:c. \ll•l Fl,.:J:Y ... tl\lt v,r 0Ft.<; 

II 
[) 

n 
0 ,, 
n 

~EC ri::c ~F<., Tt;Ul faF FFF \1/1'1/l 

1 1 ~ t '> • C • ~ 1 .~ -. • 1 ~ • ~, • " " 1 ,.. • C • (.. O • ~ 1 9 • 
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l i">7. :'.r 
1( C.( 1111. 

l \ 1 ~ • • r. c 
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l ~ l 1 ti• :: • C 
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1; :- • J ., / \. 
tF pie:. C.C 

17 J.J ,cq, 

1 E 1f;;. : .r: 
ll J.: 0'1. 

" 71 

C 
I 

' 7 

c.c -:.c 
:::.J 1--•11. 

7 

7 <!•, -::i 7 ,~.., q o F; "C C. 
.\}Hi ilHh fr-rro 

1 1-!Q tJclP.. f"r:,:. 
l7f0 1;or', 0 7f •( 0 

t 7 r 'l l I r g. f, l ': C • 
.41 • • ~ t <, -~ • F r r r • 
11 '- ~ 11 <, 1 • F. er: C • 

7c "" I'-~". f ~"Co 
7?,t,7 /-if/. fC"Co 
1 f r 7 ;, ., ~ 7 • 1.1 ( • " • 
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;, f t • / i \ 1 • II ~ r r • 
?<: c i, 7 '- ci, 0 II \0.., C • 
/< •II 7' H1 • ll"•L.r • 

f .. ,.._ 

1;1•. 
IIFI o 

""r:o 
•7r. 
7f' 7 • 
,1111. 

C • C 
r.c 

~ •::: r • II o 
CoC ...... 
r: .r. ~ • .,. 
r. e, r. i,:::i 

c.c. r.• ◄ 

r::.r c • ..,, 
Co: !' • i,c 

';.C !'. ti~ 

C. C f • r F 
';.r; r.f1 
c. c r or, 
".' .C C .•,R 
C. l. C • c:.r 

C 

7C7o 

L ">1 • 
•,7;,. 
'177. 
•F."I. 
/ljll• 

]Alo 

r. 
c.c 

10. 
lo, 
1,. , .. 
1,. 
17. 
17, 

H • 1,. ;,_,. 
"/ o. 
;,o. 
ts. 
15 • 

11c 0 17'l. 711.1. itif .• &1111. 
• 3. 1 11 ">. tr r. 7 o.,g. • r-;,. 
(.( d. Cl.lo 11", 0 ,c. ,,. 

971 • 
7·p. 
l Alo 

7'lf,. £,791 • 
/j1o F,tC:7 • 

. ~9. ~<., 0. 
-:.) ,. F-. 11. 
c. c c.r 1 7. 
"'.J c.c. r." 1. 
C. C r: .c C. C C. C 7 • 

Jo J C • C C .c C • C "• C 
C. C C.1, C. r: C. G ,.. • C 

"· "· 1,. c., 
c.c 

]119. 

"· ., . ,. 
r:.c 

lo "'lo 
14E,. 114..,">• 
, .... i,77, 

)'2. ,., o. 
£1. ~ •llo 
.,_ ,., 7. 

ru 0 f'f~l lP't If'IITtPVIL 

r=l:: WI\' JQ I~ Ft Tl "'f: 
]t.,F\ l CfLIY:. 

T1TI~ JQlo'fL lll"f: 
lClll HI\, flSlO,(f: 

7010 v~H-11F-<i 111111. r•ss-HF-<= 
c.c VtH-HQ<i r.o Ptc;<;-HR<; 

'}Hlo VfH-HRO: lltiti 0 F'f~~-HR<" 

1C~77. \IFH-l'I. p,r,s1. Pts<;-.-X. 

PtGlt. SfCTIC,N tllJf.S. etGlN SECTS.) 01 
l'IFGit-1 PPIN~Ih Lt~E 
flRPr-Fll Y-iolY l"'t.' 02 
LINt 0R0P 
£7 ST rH 01 
k'} ST ON n.J 
F.ct ~1 ["1"- f}q 

7G ST l"IFF 01 
81 Sl {'~ Cl"> 
9o;, <;T OFF 01 
<:i<.. ST r~ 06 
lCl <;;T OFF 011 
10 l <;T £1"- f17 
t 1 9 <; T OFF O'i 
17", <;T f1Ff 06 
17'> <;T UN rs 
\"11', <:.T PFF 07 
l!<i <;T 0~ 09 
1"'1 ST (1H 08 
Ft-.ll PRI11RIT Y L •"'t 
~ NO ~f CT Ir l'i 09 

e,:.,nwtH Pt ?IUD 0 
JQ-IV Lf~(? OllfUf 
TT"Mf FH T 

Oo7,1 1000. 
o • .f2 1190. 
n •. 11 1 .11.11. 
0 o 7 7 ~;,qq. 

0.72 C!OO. 
n.11 r; 1ai:; 1. 
no F .. , '1",11. 
f"lo<;l ?D7"i. 
fl. 77 l0Q1. 
D.ti\ Hii.ti. 0 
n. 7c, 1 O'>i. o lJ 
Oda 1"i06. [) 
no ':5 ll 7qr. U 
0.11 '3 1op7 0 

O. H, 1"'7f. 
"!.i,fi U!itO. 
o.~,l 16'10o U 
Oo':lD 111 JII. U 

a. r,•, '" 1ci. o 
11.1, "-00. 0 
n. 7t 1 OC'Co 

Fl 

u. 0 
u.o 
o.o 
o. 0 
u.o 
o.n 
o.o 
o. n 
u. r, 
o.n 
o. 0 
o. 0 
o.o 
o. 0 
o.o 
u. n 
U, C 

o. n 
0, 0 
o.o 
o. 0 

CU"IUL I Tl VF 
Vf H-HRS 
VlH-1--IRS 
Vf H-HRS 
VtH-Mlo 

LJCCUPtNCY SHIFT 1 

VI LUf S 
2901. Pt~S-H~S 

O.O PtSS-HqS 
29 01 o r I SS-HRS 

1,J'1'i• PISS-Mt. 

Figure 133. PRIFRE Simulation Results for 1-95 Priority Lane (2 persons/vehicle) 
with Existing Lanes. 
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Figure 133. PRIFRE Simulation Results tor 1-95 Priority Lane (2 persons/vehicle) 
with Existing Lanes (Continued) 
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To define a second alternative the parameter 
card was changed to eva I uate the use of the 
priority lane for 3 or more persons per vehi
cle. This alternatlve was also based upon 
the ex I st 1 ng I anes. 

Another set of a I tern at 1 ves were a I so de
f 1 ned. The basic alternative Included the 
addition of another lane within the median. 
This required that lanes and capacities be 
modified on the input cards. Figure 127 
showed the input data listlng for this condi
tion. The two levels of occupancy prevlously 
used were coded for this improved condition. 

Evaluation of Alt.-natlves 

As a result of the previous task a total of 
six conditions, or alternatlves, were defined 
and measures of effectiveness were obta lned 
for each run. A summary of these results are 
shown on Table 32. 

The desi gnatlon of one of the ext sting lanes 
as a reserved I ane for h I gh occupancy veh I
c les resulted ln an overal I reduction in 
tota I passenger travel time. Due to the re
duct ion in 1 anes for non-pr tor I ty veh I c I es 
input queues occur. The results in an in
crease ln total travel time for both vehicles 
and passengers. Vehicle hours of travel 
under the 2 persons per vehlcle restriction 
1 s Increased by 248 percent ( from 1893 to 
4 703 veh-hrsl and passenger hours are in
creased 187 percent ( from 2901 to 5433 pass. 
hrs). Increasing the vehicle occupancy to 3 
persons per vehicle per hour further 
decreased overal I travel time. 

W Ith the addl tlon of one lane of traffic, 
w I th no restr I ct Ions, a s I I gh t decrease In 
vehicle hours of travel occurs from 1893 to 
1762 as wel I as a decrease in passenger hours 
of travel, from 2901 to 2698, or approxi111:1te
ly a seven (7) percent Improvement. 

Table 32 - Comparison of PRIFRE Results For Alternative Freeway Operations 1-95 

EXISTING LANES ADDITIONAL LANE 
No. With Priorlt}'. Lane No. With Priority Lane 

Measures of Effectiveness Pr. Ln 2 pars. 3 pers. Pr. Ln 2 pers. 3 pars. 

Freeway Travel Time-Veh/Hrs. 1893 3943 4089 1762 1813 1854 
Pass/Hrs. 2901 4361 5355 2698 2158 2523 

Input Delay-Veh/Hrs. -o- 760 1994 -o- -o- -o-
Pass/Hrs. -o- 1072 2815 -o- -o- -o-

Total Travel Tlme-Veh/Hrs. 1893 4703 6083 1762 1813 1854 
Pass/Hrs. 2901 5433 8170 2698 2158 2523 

Total Travel D lstance-Veh/MI. 80483 73701 68884 80483 80483 80483 
Pass/Ml. 123215 90189 96253 123215 97254 111057 

Input Queue Length 
Vehicles -o- 314 999 -o- (-51. 1) (-92.3) 
Veh/Hrs. -o- 414 1037 -o- 540 175.0 

Travel Time Savings 
Over Non-Priority Ophs 

Veh/Hrs. -o- (-2809) (-4189) -o- -o- -o-
Pass/Hrs. -o- (-2533) (-5269) -o- -o- -o-
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Further benef I ts occur In reduced passenger 
hours of travel w Ith the des I gnat Ion of one 
lane for vehicles with 2 or more persons per 
vehicle. A tota I reduction of 540 passenger 
hours of travel, or 20%, occurs with only a 
slight Increase In vehicle hours of travel 
(51.1 hours or 3%). Increasing the vehicle 
occupancy to 3 persons Increases the vehicle 
hours of travel by 10% while only saving 175, 
or 10%, passenger hours of travel. 

From the comparison of results obtained It is 
obvious that the largest benefits occur with 
the addition of a lane and Its classification 
as an HOV I ane for two or more persons per 
vehicle. In actual fact the lane was 
constructed and or lglnal ly des I gnated for 3 
or more persons (Reference 12.8). It was 
hoped that with the estimated 3 minutes 
travel time advantage that a shift In vehicle 
occupancy wou Id occur. Unfortunate I y th Is 
d Id not occur and the I ane was redesl gnated 
for two or more person vehicles. 

Suiaary of Work Effort 

The fol lowing sllllmarlzes the effort required 
to use PRIFRE for this example problem. 

Data Collection - The major work effort to 
use this model Is obtaining data on the ori
gin-destination of vehlcles entering the 
freeway as wel I as vehicle and bus occupancy. 
Norma 11 y these data are not ava I I ab I e and 
f leld studies wl 11 be required. Qie method 
to obtain this data Is to have field person
nel located at each on-ramp and off-ramp with 
tape recorders. Two Individuals would nor
mally be required at each on-ramp. Qie would 
record the number of vehlcl es with 1,2,3,4 
and 5 or more persons per veh I c I e wh 11 e the 
other would record the time and last three 
digits of the license plates of each entering 
vehicle. An Individual would be located at 
each off-ramp and a I so wou Id record the ti me 
and I lcense plate number of each exiting 
vehicle. This Information would then be 
coded, and keypunched for process Ing by a 
computer to match the destination of each 
entering vehicle. It Is estimated that 

249 

PRIFRE 

approximately 48 RBnhours of effort "per 
Interchange" Is required to obtain 0-D and 
vehicle occupancy data for two hours In the 
AM and PM periods. 

Data Cod Ing - Data cod Ing was rather stra lght 
forward and required I lttle time after data 
was obta lned In a usab I e fashion. Apprcoc 1-
matel y six hours were required for the 
Initial coding and an additional four hours 
were required to Identify and correct cod Ing 
errors. 

Computer Time - Execution time was extremely 
fast vary Ing from • 71 to • 79 seconds of CFU 
t lme. Core storage of 96k was required for 
each run. 
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CHAPTER 13 - FREQ3CP (FREEWAY OPTIMIZATION "ODEL) 

In addition to providing exclusive lanes 
a I ong a freeway for h I gh occupancy veh I c I es 
(HOV 1s), some success has also been obtained 
by giving priority treatment to HOY 1 s at 
entrances (on-ramps) to freeways. In 
addition to providing preferential treatment 
to enter Ing HOV I s to encourage h I gher 
utl I lzatlon of capacity and to reduce energy 
cons11nptlon, ramp control (meter Ing) Is also 
usefu I to control the f I ow of enter Ing 
traff I c In to the freeway to ml n I ml ze the 
travel tl111e and delays for the system as a 
whole. 

The model presented In this chapter, FREQ3CP, 
has been used In the past to eva I uate ramp 
metering strategies. It has been Included In 
the FHWA Transportation Planning "BA<FAC" 
I lbrary for a number of years but no techn I
cal support Is ava 11 ab I e. FREQ3CP does pro
v I de a useful tool In calculating the effect 
of var lous ramp control strategies on freeway 
operations. 1-bwever, In Its present form It 
does not eva I uate the effect of d Iver ted 
traffic on the adjacent parallel street 
system. Work Is underway by the University 
of Cal lfornla at Berkeley to Incorporate 
FREQ3CP 1s features In models which handle 
both the freeway and adjacent ne1work. Chap
ter 14 d I scusses some of these emergency 
models. 

NCl>EL DESCRIPTION 

The physical system considered by this model 
Is a dlrectlonal, irban freeway section and 
the assoc I ated ramps. The freeway sect Ion Is 
described as a ser les of contiguous sections 
which are Internally operationally homoge
nous. The model al lows the engineer to de
sign and evaluate entry control strategies at 
any or all entrance ramps to optimize flow In 
the system. Impacts of vehicles diverted 
from the freeway onto surface streets are 
estimated In a rudl•ntary "fashion. 
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Figure 134. Typical Ramp Metering Operation 

FREQ3CP Is an acronym for FREeway Opt I ml za
t Ion with _2,ueulng, version 3CP (Con1rol and 
Pr lor lty treatment). 

The model optimizes flow, based on any of 
four objective functions, using a I Iner pro
grannlng submode! (PREFO). The decision 
variables are the ramp metering rates. High 
occupancy vehicles (HCJ.1 1 s) can be given 
priority 1reatnant at any or all en1rance 
ramps, or exclusive access at some ramps. 

The eva I uatlon Is accomp 11 shed by a nacr<>
scop I c slmulatlon submode! (FREQ3) which was 
developed expressly to analyze freeway opera
tions. A number of traffic nanagement 
strategies can be Investigated by FREQ3CP. 

FREQ3CP (Ref. 13.1, 13.2 & 13.3) ls an exten
sion of an ear Iler model, FREQ (Ref. 13.4) 
which performed essentially the same slmula
tlon, except the latter version has several 
addltlonal features. FREQ3CP adds the optl
mtzatlon of ramp con1rol with pr lor lty 
entry. 

The program cons I sts of appr00< I 111!1 te I y 2000 
I Ines of code wlth 80% of them actual for1ran 
statements. The program requires appr00<I-
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mately 180k bytes of core memory on an IBM 
computer. 

Ana I yses by FREQ3CP can be obta In ed for the 
existing conditions and for optimal control 
conditions using any of a variety of strate
gies. The physical system Is I lmited to 20 
on ramps, 20 off-ramps and 40 freeway seg
ments. 

ltt:>UT REQUIREMENTS 

The fol lowing basic data are Input to 
FREQ3CP: 

1. Analysis Options and Parameters 
a) Control Strategy Option 
bl Formulation Option 
cl Diversion Option 
dl Confidence Coefficient 
el Physical Limits 
fl Preselected Operational Parameters 

2. Freeway Characteristics 
a) Capacities 
bl Weaving Considerations 
c) Speed-flow Characteristics 

(optional) 
d) Ramp Characteritlcs 

IU8StCTIOM DESClt-,TION CAltDI 

H.IIAIIIU'U CAIIO 

FlltEQ 4 TITLE CAIIO 

OPTION CONTIIOL CARO 

TITUCA.1110 

Figure 135. Typical FREQ3CP Data Deck 
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3. Demand Characteristics 
a) Passenger Occupancy Distributions 
bl Cx-igin-Destinatlon Patterns 
cl Diversion Equi llbrlum Queue Length 

Table 33 summarizes the input requirements 
for FREQ 3CP. Much of the data wou Id nor ma I I y 
be available to the analyst (geometry, traf
fic volumes, etc.) or can be developed (capa
cities). Like PRIFRE, however, there are two 
major data Items that are not normally avail
able to the traffic engineer. 

One major Input Is a set of origin-destinat
ion tables for vehicles entering the freeway. 
These .data are essential and normally wou Id 
require special field 0-D studies to obtain. 

The other Input requirement Is for vehicle 
occupancy Information. These data Include 
the number of vehlcl es wl th 1, 2, 3, 4 and 5 
or more persons, as wel I as buses. The data 
deck layout for Inputting the Information Is 
shown In Figure 135. Normally four to eight 
time periods wl 11 need to be analyzed to 
obtain sufficient data for evaluation. 

OPERATIONAL S~Y 

The program reads and checks the user sup
p 11 ed Inputs and reports any detected errors. 
If fatal errors are detected, data checking 
continues, but the run Is aborted. Several 
non-fatal warnings may be given, which do not 
abort the run, but alert the user to possible 
problems with the data or control configura
tion. 

Once the data have been checked and found 
acceptable, temporary storage fl les are 
created and execution begins. 

A complete run consists of the foll01lng 
sequential steps (see Figure 136). 

1. The freeway simulation submode! (FR~3) 
Is executed for the existing condition 
and Impacts are reported. 

2. The opt I ml zatlon sub-model CPREFO) Is 
executed to deter ml n e the opt I ma I meter-
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Table 33 - Input Requirements For FREQ3CP 

CARO TYPE PURPOSE DATA REQUIREMENTS 

Title (1 per run) Provide title of simulation. Descr i ptf ve I nformatlon. 
Opt Ion Control Specify the type of simulation Choice of submodels (with or without 
(1 per run) and the controls for this run. freeway simulation and/or ramp meter-
(req u Ired) Ing or not), objective function ( pas-

senger, veh I c I es, pass. ml I es or veh. 
miles), type of diversion, confindent 
I imits, output, reports, etc. 

Problem Title Provide title for problem. Descr I pt Ive Information. 
( 1 per run) 
Parameter Define freeway parameters. No. of sections & time per lods, out-
(1 per run) put data, speed-v/c curves, grOlith 

factors ( If desl red), type of 0-D 
data, etc. 

Capacity Define freeway section physi- No. of lanes, capac lty, I ength, 
(1 per section) cal and operating character- truck factor, speed-v/c curve, If on 

I sties. and/or off ramp is present, and 
description Information. 

Ramp Limits Def I ne ramp capacities or General ramp capacity and capacity 
( 1 per run) constant meter Ina rate. at special on-ramps. 
User Speed-V/C Define special speed-V/c X (V/C) and Y (speed) coordinates 
(optional) curves developed by user. of curve. 
Passenger Occupancy Define vehicle occupancy and Percent of vehicle with 1,2,3,4 and 
( 1 per on-ramp) number of buses for each on- 5 or more passengers and buses. 

ramp. 
Bus Occupancy Def I ne bus occupancy for each Average passenger occupancy of buses 
( 1 per run) on-ramp. for each on-ramp. 
Partial Diversion Define maxi mum permi ssi b I e Maximum queue desired on each on-ramp 
Eq u I I i br I um Ramp queue for each on-ramp. In turns of number of vehicles or 
Oueue ( 1 per run) delay time. 

IHI:. l"ULLUW ~G CARDS ARE REQUIKt:.U l"UK EACH 11 ~I:. Sllvt:. (t't:.KIUU) t:.v'ALUAI 1:.U 
l I me S I I ce Tl t I e t-'rovtde title tor time period. uescr I pt ton lntormatlon cautos ano1 
( 1 per run) or Bus 0-D data). 

Occupancy ( 1 per Define network average vehicle Average number of passengers In each 
period) occupancy and revise on-ramp vehicle and revised on-ramp 

capacity. capacities. 
O-D Title Define title for the origin Descr I pt Ive Information (autos and/ 
( 1 per 0-D Tab I e) destination tables that fol low. or Bus 0-D data). 
1 per on-ramp per Define the destinations of Number of ve h I c I es and bus tr I ps 
O-D -Data vehicles entering each on- from each on-ramp to each off-ramp. 
0-D tab le) ramo. 
Preset Ramp Define ramp metering strategy Lower 11 ml t for the occupancy level 
Strategy for each on-ramp. of priority vehicles at al I on-ramps. 
(1 per period) 
Metering Rate Limit Define maximum and minimum Maximum and Minimum metering rates 
(2 per per lod) metering rates. (vph) for each on-ramp. 
End OD ( 1 per run) To terminate current Code END OD. 

simulation run. 
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Figure 136. Generalized Flowchart of the 
FREQ3CP Model 

Ing system to maximize the user selected 
object Ive function. The opt I ma I des I gn 
Is output. 

3. FREQ3 is executed again with the results 
of the opt 1ml zatlon submode I to compute 
the Impacts of the specified control 
strategy, and the results are reported. 

Th Is sequence prov I des the user w I th Impacts 
tor the "before" cond I tlon and the "after" 
affects of the control strategy. 

C<14PUTATIONAL ALGCRITil4S 

There are four prl11Bry computational func
tions In FREQ3CP. These are within the pro
gram. One is manual and consists of four 
subfunctlons. These are described separately 
In the fol lowing sub-sections. 

Sl ■ulatlOfl Function (FREQ3) 

There was little change In this submode!, the 
algorithms are detailed In Reference 13.4. 
Algorithms are used to simulate the fol lowing 
tasks: 
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1. 0,-ramp queuing; 
2. Subsection demands; 
3. Merging analysis; 
4. Weaving analysis Cramp to ramp only, 

optional); 
5. Bottleneck analysis; 
6. Fl ow on freeway; and 
7. Ott-ramp queuing. 

Al I algorithms are based on the Highway Capa
city Manual techn lques (Reference 13.5>. The 
most significant algorithm is the calculation 
of travel time on the freeway. The program 
uses the speed vs. vol ume/capac I ty ( V /C) 
ratio curves, but the user may also override 
this by Inputting his own curves. See 
Chapter 12, PRI FRE, tor further deta I Is on 
FREQ3. 

Optl■lzatlon Function (FREFO) 

The optimization sub-rodel Is a standard 
I inear progranming CLP) formulation of the 
general type, 

(13.1) 

subject to: 1aK 1x1 _.::. bk, C 13. 2) 

for al I k, 
and al I X > 0.51 

The C1 are cost coefficients, Xt are 
decision variables, Kl are "technology" 
coefficients and bk are limits. The basic 
optimization submode! used in FREQ3CP (PREFO) 
Is documented In Reference 13. 1. 

There are four objective functions ava I lab le 
In FREQ3CP. Any of the fol lowing 111:1y be 
maximized: 

1. Vehicle Input rate, 
2. Vehicle-ml les of travel, 
3. Passenger input rate, or 
4. Passenger-miles of travel. 

The complete set of objective functions are 
given as fol lows: 



n 
max VEHICLE INPUT RATE= i~l x 1 C 13. 3) 

n ( 13.4) 
max VEH. MILES OF TRAVEL= I~ 1i1X1 

n 6 
max PERSON INPUT RATE = ,~1 k~l okxlk (13.5) 

or 

n 6 
max PERfRON MILES= E E i 0 X C 13.6) 

OF AVEL 1=1 k=l lk lk lk 

where: x, = number of vehicles entering at 
ramp I; 

i1 = average trip length of vehi
cles entering at ramp I (from 
origin-destination tables); 

Ok= occupancy levels, e.g. 
Oik=k=l,2,3,4,5 for cars at 
all ramps and for k=6, the aver
age bus occupancy at ramp I; 

Xtk = number of vehicles with 
occupancy level k(=l,2,3,4,57 6) 
at ramp I; and 

itk• Otk = same as before, but 
separated Into occupancy levels, 
k; and 

n = number of ramps. 

The constraints of the I !near progra11111lng 
model are also varied. Those which are 
always used are the capacity and non-negativ
ity constraints. The constraints are dis
cussed below for the passenger-based ana I y
s Is, since the vehicle-based functions are 
subsets of the other. 

The first set of constraints Is that the 
main I lne capacity In any subsection cannot be 
exceeded, or 

n 

,J:1 FIii xii + Fl21 x,2 + C 13. 7) 

for i=l,p; 
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where F1kt= traction of traffic from 
on-ramp I with passenger 
occupancy K(k=l through 5 tor 
autos and 6 for buses) passing 
through subsect Ion i; 

e = bus equlvalency factor; 
Ct= capacity of subsection ; 

and al I the rest as before. 

The second set of constraints is that the 
volume on any on-ramp cannot exceed the 
demand at that ramp, or 

Xlk~Dlk' for 1=1, n and k=l, 6; ( 13.8) 

m 
where oI k = jfldljk = traffic demand at 

ramp I with ocaJpancy level k; 
and where; 

d 1 .. k = tr aft I c demand from on ramp 
JJ I to oft-ramp J, with passenger 

I eve I k; and 
m = number of oft-ramps. 

It should be borne In mind that k = 6 Is tor 
buses. The non-negativity constraint Is 
s I mp I y X I k ~ 0 for I = 1 , n and k = 1 , 
6. 

Several additional constraints are optional. 
The meter Ing rates can be 11 ml tad by the 
fol lowing: 

6 6 

kElxlk~M, and kElxlk~m,; ( 13. 9) 

for I = 1, n; 

where Mi, mI = maximum and minimum 
meter Ing rates at ramp I, 
respective I y. 

These min lmum constra lnts may be required, 
for examp I e, to prevent the ramp queue back
Ing onto a surface street or to keep the 
vlola1-lon rate down. The maximum may be 
appropriate at a ramp which has an excel lent 
al ternatlve route or to discourage shor1-
tr lps. Ramp closing may be accomplished by 
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setting M1 to zero. Exclusive use of a 
ramp tor buses can be accomp 11 shed by chang-
1 ng the 161 In (13.6) to 1 51 and setting MI 
= o. Carpools could be given slml lar exclu
sive use by making the upper I lmlt of k equal 
one less than the desired carpool level. 
These options are summar I zed as fol lows (al I 
tor on-ramp I): 

1. No control: Xlk = DIk, k = 1,6. 
2. Autos only: X16 = 0 
3. Priority Vehicles only: 

X11 = X12 = ••• = X1k,= O, 
where K Is one less than desired carpool 
level. 

4. Buses only: X11 = X12 = ••• = 
X15 = o. 

5. Ramp Closed: X1k = 0, k = 1,6. 

There are other opt Iona I control (optlml za
tlon) strategies which are more detailed, and 
the Interested reader may consu It Reference 
13.1. 

OUTPUT REP~TS 

There are tour stages of outputs In FREQ3CP -
an Input data report, a report of the freeway 
performance before control, the optimum con
trol report and, finally, the simulation of 
freeway performance after control • Dur Ing 
the simulations there ts an output report for 
each time sl Ice. 

The output reports are discussed In the sub
sections below; however, the fol low Ing Infor
mation Is helpful tor better understand Ing 
the output: 

1. A pr lor I ty cut-of f-I eve I of 1 tor an on
r amp Indicates that al I vehicles are con
sidered to be priority vehicles, I.e., 
the metering rate Is equal to the 
demand. 

2. An asterisk (*) which Is printed after 
the priority cut-off-level of an on-ramp 
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Indicates that the optimum metering rate 
Is less than the or lglnal demand, and 
that this on-ramp should be metered at 
the rate specified by the model. 

3. The program al ways prints the meter Ing 
rate for the ma in I lne Input (on-ramp No. 
1), however, the pr In ted meter Ing rate 
Is always equal to the original demand. 
Therefore, an asterisk(*) never appears 
In front of the priority cut-off-level of 
the ma In I lne Input ( see number 2 above). 
Orlglnally, the program was designed with 
the capability of conirolllng the 
mainline Input, but the current version 
of the program automatlcal ly sets the 
maximum and minimum metering rates of 
the main I lne Input equal to the ori
ginal demand, regardless of the values 
of the specified maximum and min lmum 
rates. 

4. Sometlnes there Is a very smal I differ
ence (.2% at the most) between the number 
of passenger- (or vehicle-) ml les of 
travel pr lnted from the PREFO subprogram 
and the FREQ3 subprogram. The former Is 
more accurate than the I atter. 

Input Data Report 

The first output Is a report on the freeway 
characteristics data, which al ICMs the user 
to check the Inputs tor accuracy. This 
report Is shown In Figure 137, which Is self 
explanatory. 

Freeway Perfor•nce Before Control 

Figure 138 shows a typical report on trea,ay 
performance during a typical time slice. Toe 
table entries are reasonably self explana
tory, but the fol I CM Ing po in ts may need h I gh
I1 ght Ing: 

1. t-.bte that the 110-D Data Demands" and the 
"Adjusted Volumes" correspond un I ess 
demand exceeds the freeway capacity 
("FRWY CN>. 11 ). In this case the excess 
demand on the freeway ("DEM.") Is reduced 
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RAMP METE IMPROVE I-95 MIAMICAIRPORT XWAY TO GOLDH GLADES)- MAX PASS MILES 

FREEWAY DESIGN PARAMETERS 
FREQ3CP PROBLEM C PM PEAK PERIOD - RAMP METERING WITH RMB.MIN ace =2) 

INPUT DATA 

19 SUBSECTIONS 
2. 00 TIME-SLICES PER HOUR 
0 USER-SUPPLIED SPEED FLOW CURVES 
0 GROWTH PERIODS AT RATE 0. 0 

WEAVING EFFECTS CONSIDERED 

SUB NO. SSEC SSEC TRK DESIGN O~G LFT SUBSECTION LOCATION 
SEC LNS CAP. LENG TH FAC SPEED DES RMP 

1 3 4350. 2390. 0. 970 60 0 0 BEGIN SECTION CLOCS. BEGIN SECTS. l 01 
2 6 9300. 1341. 0. 970 60 a 2 AIRPORT X-WAY ON 02 
3 5 7650. 3294. 0. 970 60 0 LANE DROP 
4 4 6000. 900. 0. 970 60 D 0 62 ST OFF D1 
5 4 6000. 180. 0. 970 55 0 0 62 ST ON 03 
6 4 6000. 2577. 0. 970 55 0 0 69 ST- ON 04 
7 4 6000. 2075. 0. 970 60 D 0 79 ST OFF D2 
8 4 6000. 3091. 0. 970 60 a 0 81 ST OH 05 
9 4 6000. 1644. 0. 970 60 D 0 95 5T OFF D3 

10 5 7650. 1054. 0. 970 60 a 0 95 ST OH 06 
11 4 6000. 1506. 0. 970 60 D 0 103 ST OFF D4 
12 4 6000. 3795. 0. 970 60 a 0 103 ST ON 07 
13 4 6000. 1982. 0. 970 60 D 0 119 ST OFF D5 
14 4 6000. 1478. 0. 970 60 D 0 125 ST OFF D6 
15 4 6000. 1880. 0. 970 60 a 0 125 ST ON 08 
16 4 6000. 1890. 0. 970 60 D 0 135 ST OFF D7 
17 4 6000. 3434. 0. 970 60 a 0 135 ST ON 09 
18 4 6000. 2474. 0. 970 60 D 0 151 ST OFF D8 
19 3 4350. 1500. 0. 970 60 D 0 END SECTION D9 

M INDICATES USER SUPPLIED SPEED-FLOW CURVE HUMBER 

RAMP LIMITS = 1500. 
OH-RAMP 1 LIMIT=4350. 
OH-RAMP 2 LIMIT=4350. 

Figure 137. Typical FREQ3CP input Data Report 

TIME SLICE 3 4 '30 PM 

TIME SLICE 3 OF 6 
GROWTH PERIOD 0 OF 
OCCUPANCY I. 56 

QUEUE COLL. SECTION 6 T2= 0. 079 
QUEUE COLL. SECTION 5 12,. 0. 081 

QUEUE OUT OF SECTION I 

SUB HO. SSEC 0-D DATA DEMANDS ADJUSTED VOLUMES FRWY WEAVE V/C DENS. SPEED TRAVEL QUEUE- STORAGE 
SEC LNS LENGTH ORG. DES. DEM. ORG. DES. VOL. CAP. EFF Vl'Ml'l MPH TIME LENGTH RATE 

1 3 2390. 2834. 0. 2834. 2023. 0. 2023. 4350. 0. 0. 47 22.8 29.6 •• 0. 92 2390. 811. 
2 6 1341. 2838. 0. 5672. 2838. 0. 4861. 9210. 90. 0 .53 39. 0 20 .8 •• 0. 73 1341. a 11. 
3 5 3294. 0. 0. 5672. o. 0. 4361. 7560. 90. 0 .64 53. 2 18. 3 •• 2. 05 3294. 811. 
4 4 900. 0. 143. 5672. 0. 143. 4861. 5910. 90. 0 .82 55. 7 21.8 .. 0 .47 900. 811. 
5 4 1863. 494. 0. 6023. 494. 0. 5212. 6000. 0. 0 .87 55. 7 23 .4 •• 0. 91 1863. 788. 
6 4 2577. 284. o. 6307. 284. 0. 5496. 6000. 0. 0. 92 55. 0 25. 0 •• 1. 17 2577 • 504. 
7 4 2075. 0. 272. 6307. o. 258. 5496. 6000. 0. 0. 92 56 .a 24.2 •• 0. 97 2075. 504. 
8 4 3091. 762. 0. 6 797. 762. 0. 5923. 6000. 0. 0. 99 50 .2 29. 5 • 1. 19 315. 77. 
9 4 1644. 0. 267. 6797. 0. 233. 5923. 6000. 0. 0. 99 50.5 29. 3 .. 0. 64 1644. 77. 

10 5 1054. 310. 0. 6840. 310. 0. 6000. 7650. 0. 0. 78 49. 4 24. 3 •• 0. 49 1054. 77. 
11 4 1506. 0. 383. 6840. 0. 332. 6000. 6000. 0. 1. 00 50 .8 29. 5 0. 58 0. 0. 
12 4 3795. 264. 0. 6721. 264. o. 5932. 6000. 0. 0. 99 48. 2 30 .a 1, 40 0. 0. 
13 4 1982. 0. 464. 6721, 0. 404. 5435. 6000. o. 0. 91 44 .4 30 .6 • o. 74 1493. 497. 
14 4 1478. 0. 471. 6257. 0. 413. 5032. 6000. 0. 0 .84 37. 0 34. 0 •• 0. 49 1478. 497. 
15 4 1880. 316. o. 6 102. 316. 0. 4935. 6000. 0. o .82 38. 9 31. 7 •• 0 .67 1880. 497. 
16 4 1890. 0. 834. 6 102. 0. 736. 4935. 6000. 0. 0 .82 42. 7 28. 9 •• 0. 74 1890. 497. 
17 4 3434. 345. o. 5613. 345. 0. 4543. 6000. 0. 0, 76 0.6 22.9 •• 1. 70 3434, 497, 
18 4 2474. 0. 216. 5613. 0. 193. 4543. 6000. 0. 0. 76 60. 2 18. 9 •• 1.49 2474 • 497. 
19 3 1500. 0. 5397. 5397. 0. 4350. 4350. 4350. 0. I.OD 49. 2 29 .5 0. 58 0. 0. 

TOTAL 40168. TOTAL 17. 94 

QUEUE LENGTH DELAY 
VEHICLES YEH-HRS 

OH-RAMP INPUT POINT 13. 17 0. 11 
MERGING POINT 0. 0 0. 0 

TOTAL 13. 17 0. 11 

CURRENT TIME INTERVAL CUMULATIVE VALUES 
FREEWAY TRAVEL TIME= 901. YEH-HRS= 1405. PASS-HRS 2169. YEH-HRS= 339 I. PASS-HRS 

INPUT DELAY= 0. VEH-HRS= 0. PASS-HRS 0. YEH-HRS= 0. PASS-HRS 
OUTPUT DELAY= o. YEH-HRS= 0. PASS-HRS o. YEH-HRS= o. PASS-HRS 

TOTAL TRAVEL TIME= 90 I. YEH-HRS= 1405. PASS-HRS 2169. YEH-HRS= 3391. PASS-HRS . TOTAL TRAY DISTANCE= 23600. YEH-MI.= 36816. PASS-MI. 79170. YEH-MI.= 123818. PASS-MI. 

Figure 138. Typical FREQ3CP Freeway Performance Report Before Control 
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CONTROL STRATEGY OH PASSENGER BASIS 
HOH-PRIORITY PRESET CONTROL STRATEGY OH-RAMP ORIGINAL DEMAHD PRIORITY FREEWAY IHPUT RATE 

HO. <VEHl <PASS) CUT-OFF LEVEL CVEHl (PASS> METERING RATE 
------------- -------------

1 1553. 2325. 2 1553. 2325. 1069. HO METERING 
2 1505. 2158. 2 1505. 2158. 1040. PRIORITY CUT-OFF LIMIT 
3 265. 385. 2 265. 385. 182. PRIORITY CUT-OFF LIMIT 
4 153. 222. 2 153. 222. 105. PRIORITY CUT-OFF LIMIT 
5 406. 589. 2 406. 589. 279. PRIORITY CUT-OFF LIMIT 
6 167. 242. 2 167. 242. 115. PRIORITY CUT-OFF LIMIT 
1 142. 206. 2 142. 206. 98. PRIORITY CUT-OFF LIMIT 
8 168. 244. 2 168. 244. 116. PRIORITY CUT-OFF LIMIT 
9 184. 267. 2 184. 267. 127. PRIORITY CUT-OFF LIMIT 

TOTAL 4543. 6638. 4543. 6638. 

CURRENT TIME INTERVAL CUMULATIVE VALUES 
TOTAL TRAVEL DISTANCE 

TOTAL DEMAND 
TOTAL INPUT VOLUME 

TOTAL DIVERTED DEMAND 
TOTAL DEMAND TRANSFERED 
TO THE NEXT TIME SLICE 

24524. VEH-MILES 35894. PASS-MILES 24524. YEH-MILES 35894. PASS-MILES 
4543. VEHICLES 6638. PASSENGERS 4543. VEHICLES 6638. PASSENGERS 
4543. VEHICLES 6638. PASSENGERS 4543. VEHICLES 6638. PASSENGERS 

0. VEHICLES 0. VEHICLES 

0. VEHICLES 0. VEHICLES 

Figure 139. Typical FREQ3CP Optimization Control Report 

to the volume ("VOL.") level and the ex
cess Is stored In the upstream subsec
t Ion. 

2. System measures are given below the table 
tor the current time sl Ice and cumula
tively. 

Several less Important reports are also 
available at this stage. These Include up
dated 0-D tables and single trip travel times 
between al I origins and destinations. 

Optimization Control Report 

Again, tor each time slice the freeway 
performance Is reported In a report very 
slml lar to Figure 138, except that queuing 
data at each ramp are also given. In 
addition to the other secondary reports 
mentioned earl ler tor the before condition, 
reports are g I ven on the demand d I verted to 
surface streets and delayed Into the next 
time sl Ice. t-lost significantly, the optimal 
metering rates are given In a table such as 
Figure 139. 

ADDITIONAL FEATURES 

FREQ3CP Is des I gned ma In I y to 
develop Ing opt Ima I entry control 

assist In 
strategies 
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tor a general use freeway whose on-ramps are 
metered, but priority vehicles can bypass the 
signal. With manual interfacing, priority 
I ane( s) on the freeway can be analyzed as 
wel I. Freeway des I gn Improvements can al so 
be eva I uated w I th FREQ3CP by appropr I a1e I y 
adjust Ing the capac I ties and/or speed - V/C 
curves. 

Later versions In the FREQ-ser les have ex
panded this model to Increase the analysis 
and correct ear Iler detl ct enc les. For exam
pl e FREQ4CP (Ref. 13.6) added estimation of 
fuel consumption and vehicle exhaust emis
sions as wel 1 as estimates of spatial and 
moda I responses. Further enhancements r&
su lted In FREQ6PE as a corr ldor model which 
analyzes the Impacts on surface streets In 
deta 11 (Ref. 13. 7). FREQ6PL (Ref. 13.8) com
bines the basic FREQ-model with the exclusive 
I ane anal ysl s of PRI FRE ( see Chapter 12). 
Both FREQ6PE and FREQ6PL are being used by 
numerous local I ties to test the Improvements 
represen1ed by these advanced models. 

APPLICATIONS AND LIMITATIONS 

As stated earl ler, there are a variety of 
analyses which can be accomplished using 
FREQ3CP. The empha sl s, of course, Is eva I u
at Ing entry control stra1egles (eg. ramp 



metering) and priority treatment for HOV 1 s at 
ramps ( eg. ramp metering bypass). Prior I ty 
lanes on the freeway can be analyzed, but 
only by making one run for general traffic 
and one run for the HOV lane. This process 
of "fool Ing" the program Is tenuous at best, 
as the effects of weaving and speed differen
tials which actually exist between concurrent 
HOV lanes and general lanes would be very 
difficult to account for. 

Nonetheless, FREQ3CP Is an excellent model 
for the primary purposes for which It was 
wr I tten. 

In addition to the quantitative limitations 
(e.g., 20 on-ramps, 20 off-ramps and 40 sec
tions), and the absence of many of the Im
provements noted In the previous section, 
there are several other limitations which 
shou Id be recogn I zed. These are of two 
types: a) those which are Inherent I imita
tions and b) those which are based on assump
tions that may not be fully real lstlc. The 
I attar are not necessar 11 y er I tlca I, but the 
user shou Id be aware of the possl b I e raml f 1-
cat Ions. 

The qual ltatlve model I imitations are summar-
1 zed below: 

1. The effect of diverted traffic Is not 
fully assessed. The assumption Is made 
that these vehicles do not affect surface 
street operations, but diversion of a 
significant amount of traffic can clearly 
be adverse to arterial flow. 

2. The effect of extensive ramp queues on 
surface streets Is also not fully 
assessed. Th Is can be a ser lous prob I em 
and In actual experience, surface streets 
are often blocked, or traffic Is delayed 
by queues wh I ch back onto them. FREQ6PE 
Is a more comprehensive model In this 
respect. 

3. Spatial shift Is not estimated. No 
arter I al-to-freeway shl ft Is recogn I zed, 
nor Is "backtrack Ing" to use an upstream 
ramp ( wh I ch Is not uncommon). Aga In, 
FREQ6PE does estimate spatial shifts. 
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4. The FREQ3CP model does not address tempo
ral shift or demand changes but this Is 
available in FREQ6PE. 

5. Traff I c flow Is cons I dared homogenous in 
each subsection and In each tine sl Ice. 
While to assume otherwise would require 
(much more complex and expensive) micro
scopic simulation, it must be recogn lzed 
that the results of the FREQ simulation 
are "average day" in a no-Incident envl
romnent. 

6. The assumption Is made that In the no 
control condition, the freeway and alter
native surface routes are in equl I lbr lum 
(I.e. equal travel time). This assump
tion Is clecrly not unlversely val Id. 

7. Tl me spent in a queue Is assumed to be 
valued equally as time In motion. 
Stud I es have suggested otherw I se; how
ever, this can be tempered by appropriate 
ass I gnments of ramp cut-off- I I ml ts. 

8. Finally, the I !near programming optimiza
tion which maximizes either passenger or 
vehicle Input or ml les of travel may not 
adequate I y address objectives some users 
may have. For example, some users may 
wish to minimize total travel time. Such 
time based measures are generally non
I lnear functions, however, and more com
plex model Ing techn lques are required. 

A number of the 11 ml tat Ions noted have been 
overcome In later enhancements of the FREQ
ser les, notably FEQ6PE. Users Interested In 
later versions (Including FREQ6PL (an exten
sion of PRIFRE) should contact the Institute 
of Transportation Studies, Un lversl ty of 
Cal lfornla at Berkeley. 

EX#PLE APPLICATION 

The 1-95 freeway system described In the pre
v I ous chapter was a I so used to ii I ustr ate the 
use of the FREQ3CP model. The fol I°" Ing 
describes the results of thl s appl icatlon. 
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Prob I• Description 

The previous model, PRIFRE, was used to eval
uate the benefits of priority lane operation 
under existing conditions as wel I as with 
construction of a new lane in the median. 

The alternatives to be evaluated in this 
problem are the potential benefits of ramp 
control , w I th e I ther control I ed meter Ing of 
a I I veh I c I es or pr for I ty treatment for h I gh 
occupancy veh I c I es. For the purpose of th I s 
problem an HOV vehicle wil I be defined as one 
with 2 or more persons per vehicle. 

Analysis of Existing Conditions 

A sketch and summary tab I e sf mi I ar to the 
PRIFRE example was prepared. Baslcal ly, the 
on I y d I tterence was the comb in Ing of the 
t irst two and last two sections, since no 
change in freeway geometr le or usage wi 11 
occur under this operation. Figure 140 
II lustrates this condition. 

Since standard coding forms are not avail
able tor FREQ3CP an echo listing of the Input 
data is shown on Figure 141. The most no
ticeable difference between this input data/
set and that of PRIFRE is that the auto 0-D 
tables are placed before the bus 0-D tables 
and that a separate breakdown of percent 
vehicle occupancy for each on ramp is re
quired. As a result of the submission of 
these in put data a report was obtained on 
existing operations. The results are simi
lar to those obtained from PRIFRE. 

Figure 142 I I lustrates the outputs from this 
run. The first section of the output is a 
I !sting of the freeway sections, and the 
character I st I cs, as wel I as tab I es show Ing 
the distribution of vehicle and bus occupancy 
by on-ramps. Information is shown on the de
mand dur Ing the period, volume acconvnodated, 
MOE 1 s (V/C ratio, density, speed, travel 
t lme) and any queues wh I ch have occurred and 
the rate of storage. Where queues occur 
information on their location, length and 
delay in vehicle hours are shown (note time 
slice 3 in Figure 142 on page 264). Network 
wide summary statistics for the current time 
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interva I and cumu I ati ve va I ues ere al so 
shown. The results tor existing conditions 
are similar to those obtained in Chapter 12. 
In actual practice these results are used to 
compare with actual field operation in order 
to calibrate the model. Al though this was 
not done in this example, it is a necessary, 
and often, time consuming work. 

Define and Analyze Alternatives 

A total of five alternatives were defined. 
For existing physical conditions, one run was 
made to optimize vehicle input with a second 
run to opt I mi ze passenger-mi I es of freeway 
travel. The only change required between 
these two alternatives was to change the 
optimum control card from one objective 
(maximum vehicle input) to the other (maximum 
passenger-ml I es of freeway travel). 

The other three alternatives were based upon 
the addition of another through lane, which 
was proposed previous I y as reserved for 
HOV I s. However, In th Is case operation was 
evaluated with no controls as wel I as with 
control of veh i c I e entry and pr for I ty entry 
for high occupancy vehicles. These alterna
tives required that the lanes and capacity of 
the freeway section be changed ( 19 ccrds), as 
wel I as the optimum control ccrd. 

Figure 143 illustrates the results obtained 
for existing conditions under ramp metering 
to maximize vehicle Input. The first two 
reports tor each time slice shows the 0-0 
volumes, min I mum and maximum meter Ing rates, 
and the control strategy used for the period 
as wel I as the demand that was diverted to 
the arterial streets and/or transferred to 
the next time slice. After that report has 
been pr lnted for each ti me slice the resu Its 
of a simulation after controls have been 
implemented are shown. These are siml lar to 
the reports obta In ed ear I I er w I th no ramp 
controls. 

Evaluation of Results 

Table 34 summarizes the results obtained for 
each two alternatives on a system wide basis. 
With the existing lanes, but with ramp meter-
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Figure 140. FREQ3CP Section Data for 1-95 Example Problem. 
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CAl"ACITY ( ,,.) 

IEXIIT. PIIICMI. TOTAL 

4110 0 4110 

4IOO 1100 1000 

4100 1900 1000 

4100 IIOO IOOO 

1110 1100 THO 

1110 1100 ?HO 

5110 1100 '''° 
1110 IIOO THO 

1110 1100 '1110 

'1100 ISOO HOO 

11 IO 1100 '1150 

IIIO 1100 .,.IO 

1110 IIOO ?IIO 

11 IO 1100 ?HO 

IIIO 1100 7110 

1110 IIOG .,. .. 
T,100 IIOO HOO 

l,4ICI IIOO IO,HO 

4110 - 41H 
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RM\P i'.ETE H:~ROVE I-95 MI/\MICAIRPOP.T X~J/\Y TO GOLDN GLADES)- M/\X VEHICLE INPUT 
t·i V I 5 T . 9 1 . 0 . 0 1 2 2 

FREQ3CP PROHEM (PM PE/\K PERIOD - R/\MP t\ETERitlG WITH Rt1B,MIN ace =2) 
19 2. 1 60. 0 H 

1 3 4350 2390 .97 000 
2 6 9300 1341 .97 000 
3 5 7650 3294 .97 00 
4 4 6000 900 .97 00 D 
5 4 6000 11:63 . 97 550 
6 4 6000 2577 .97 550 
7 4 6000 2075 .97 00 D 
8 4 6000 3091 .97 000 
9 4 60CO 16',4 . 97 00 D 

10 5 7650 1054 .97 000 
11 4 6000 1506 .97 00 D 
12 4 6000 3795 .97 000 
13 4 6000 19~2 .97 00 D 
14 4 6000 1478 .97 COD 
15 4 6000 1830 .97 000 
16 4 6000 1890 .97 00 D 
17 4 6000 3~34 .97 coo 
18 4 6000 2474 .97 00 D 
19 3 4350 1500 .97 00 D 

1500 
.675.216.051.029.008.021 
-~85.220.052.030.004.004 
.6f3.221.052.030.009 0 
.6f-3.221.052.030.009 0 
.6f3.221.052.030.009 0 
.6:8.221.052.030.009 0 
.6f8.221.0'i2.030.009 0 
.633.221.052.030.009 0 
.l81.221.0~2.0!0.009 0 

,, 0 . ,, 0 • 
T O 2 2 2 2 2 2 2 2 
2 TI:~E SLICE 1 3:30 PM 

1. 56 
IIUTO O-D Ti\P.,LE 

37 69 73 89 89 94 16 3 
,, 0 68 55 75 1 I 0 90 14 1 

C A r, 1', 1 3 L~ ,, 1 
0 :' 5 12 11 11 11 
0 0 r, . ., ,,_ 15 1 7 (i!f 

G 0 0 I 3 LI 20 
J 0 J 0 7 ! I 16 
0 0 a 0 0 0 9 
Q 0 0 0 0 0 a 

r,us 0-[) T f, L> ~- [ 

2 1 NC 2 NC 

38 
35 

7 
) 

11 
s 
7 
r, 
5 

BEGIN SECTIOH 
21\IRrORT X-l·JIIY 

L.'\tlE DROP 
62 ST OFF 
6 2 ST O'.l 
69 ST ('ii 
79 ST OFF 
8 1 5 T 0· 1 

95 ST Orf 
95 ST Qt; 
103 ST OFF 
103 ST ON 
119 ST orF 
125 ST 0,-F 
125 ST Oil 
135 ST Ol'F 
135 ST O cl 
151 ST orF 
E'!D SECT ION 

1 4350 2 4350 

849 
8 9 1 
, (, 0 

': :~ 
3D:I 
1 ~--
1 0 I 
1 ~-. :, 
I ; J 

2 
0 

05000120012001500120012001200 1200 
900 160 180 240 180 1~0 180 180 

2 TI~:[ SLICE 2 (1:00 rn 
1 . 5 7 

AUTO O-D HOLE 

2 1 NC 2 NC 
050001200 1200 1500120012001200 1200 

900 1SO 180 240 130 180 180 160 
EllD OD 

CLOCS. BEGIN SECTS.) 01 
Otl 02 

D1 
03 

05 
D3 
06 
l''t 
07 
D5 
C6 
03 
1)7 

09 
D3 
D9 

Figure 141. FREQ3CP Input Data Listing for 1-95 Existing Conditions. 
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RAMP METE IMPROVE I-95 MIAMI(AIRPORT XWAY TO GOLON GLADES)- MAX VEHICLE INPUT 

FREEWAY DESIGN PARAMETERS 
FREQ3CP PROBLEM (PM PEAK PERIOD - RAMP METERING Wllll R~m.rnN occ =2) 15, 

INPUT DAT A 

19 SUBSECTIONS 
2. 0 0 THIE-SLICES PER HOUR 
0 USER-SUrPLIED SPEED FLOW CURVES 
0 GRO!H H Pf-R!ODS AT RATE 0. 0 

WE~VING EFFECTS CONSIOER[D 

sun NO. SSEC SSEC TRK DES I GN ORG LFT SUBSECTION LOCATION 
SEC LNS C-i\P. LENGTH FAC SPEED DES RMP 

1 3 4 350. 2 390. 0. 97 0 60 0 0 BEGIN SECTION (LOCS. BEGIN SECTS. l 01 17. 
2 6 9 30 0. 1 3ft 1. 0. 970 60 0 2 Aif~PORT X-lJAY ON 02 18. 
3 5 7 6 50. 329 1,. 0. 97 0 60 0 l/\!lE Dr.DP 19. 
4 4 6 0 0 0. 900. 0. 9 7 0 60 D 0 62 ST OFF 01 20. 
5 4 6 0 0 0. 106 3. 0. 97 0 5S 0 0 62 ST CN 03 21. 
6 4 6 0 0 0. 2',77. 0. 97 0 55 0 0 6 9 ST ml 04 22. 
7 4 6 0 0 0. 2075. 0. 97 0 6 0 D 0 79 ST OFF DZ 23. 
8 4 6 0 0 0. 30 9 1. 0. 97 0 60 0 0 81 ST 0:1 05 24. 
9 4 6 0 0 0. 16ft4. 0. 97 0 60 D 0 95 ST OFF 03 25. 

10 5 7650. 1054. 0. 910 60 0 0 95 ST ON 06 26. 
11 4 6 0 00. 1506. 0. 970 60 D 0 103 ST OFF 04 27. 
12 4 6000. 3795. 0. 97 0 60 0 0 103 ST ON 07 28. 
13 4 6 0 0 0. 1982. 0. 97 0 60 D 0 119 ST OFF D5 29. 
14 4 6 0 0 0. 1ft78. 0. 97 0 60 D 0 125 ST OFF D6 30. 
15 4 6 0 0 0. 1830. 0. 97 0 60 0 0 125 ST Otl 08 31. 
16 4 6 0 0 0. 1890. 0. 97 0 60 D 0 135 ST OFF 07 32. 
17 4 6 0 0 0. 34 34. 0. 97 0 60 0 0 135 ST ON 09 33. 
18 4 6 0 0 0. 2 1t 7 1t. 0. 97 0 60 D 0 151 ST OFF D8 34. 
19 3 4350. 150 0. 0. 97 0 60 D 0 EMD SECTIOtl 09 35. 

• INDICATES USER SUPPLIED SPEED-FLOW CURVE NUMBER 

RAM? LIMITS =1500. 
ON-RAMP LJMIT=4350. 
ON-Rl.t1P llr!IT:: 1t3SO. 

••DISTRIBUTION DF PASSENGER OCCUPANCY"" 

OCC1 OCC2 OCC3 OCC4 aces BUS 
0 1 0. 6 7 5 0.216 0. 05 1 0. 029 0.008 0. 02 1 
0 2 0. 685 0.220 0. 0 52 0. 030 0.C04 0. 0 0ft 
0 3 0. 688 0. 22 1 0.052 0.030 0.009 0. 0 
0 4 0. 638 0. 22 1 0. 052 0. 030 0.009 0. 0 
D 5 0. 683 0.221 0. 0 52 0. 030 0.009 0. 0 
0 6 0.688 0.221 0. 0 52 0. 030 0.009 0.0 
0 7 0. 6~-8 0. 22 t 0.052 0. 0 30 0.009 0.0 
0 8 0. 638 0.221 0. 052 0. 030 0.009 0. 0 
0 9 0. 638 0.221 0.052 0. 0 30 0.009 0. 0 

**BUS OCCUPANCYll:M 
0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 

40. 4 0. 0. 0. 0. 0. 0. 0. 0. 

•FREEWAY PERFDR~ANCE SIMULATION-BEFORE CONTROL 

TIME SLICE 1 3' 30 PM 48. 

TIME SLICE 1 OF 6 
GP.OlJTH PCRIOD 0 OF 
OCCUPAtlCY 1. 56 

SUB NO. SSEC 0-D DATA DEMANDS ADJUSTED VOLUMES FRWY WEAVE V/C DENS. SPEED TRAVEL QUEUE- STORAGE 
SEC UIS L EtlGTH ORG. DES. DEM. ORG. DES. VOL. CAP. EFF-- V/tl/L MPH TIME LENGTH RATE 

1 3 2 390. 1503. 0. 150 3. 150 3. 0. 1503. 4350. 0. 0.35 10. 4 48. 1 0. 56 0. 0. 
2 6 134 1. 1505. 0. 3008. 150 5. 0. 30 C8. 9300. 0. 0. 32 10. 2 49.2 0.31 0. 0. 
3 5 3294. 0. 0. 30 08. 0. 0. 30 08. 7650. 0. 0.39 12. 5 48.0 0. 78 0. 0. 
4 4 900. 0. 77. 3003. 0. 77. 3008. 6 0 0 0. 0. 0. 50 16. 4 46.0 0.22 0. 0. 
5 4 186 3. 265. 0. 3 196. 265. 0. 3 196. 6 0 0 0. 0. 0.53 16. 1 49. 7 0.43 0. 0. 
6 4 2577. 153. 0. 3.Ft9. 15 3. 0. 334 9. 6 0 0 0. 0. 0. 56 16. 9 49. 5 0.59 0. o. 
7 4 2075. 0. 14 7. 33't9. 0. 147. 33,, 9. 60 0 0. 0. 0. 56 18. 7 44. 9 0.53 0. 0. 
8 4 30 9 1. '•06. 0. 36 08. 406. 0. 3608. 6000. 0. 0.60 20.5 44.0 0.80 0. 0. 
9 4 1644. 0. 141. 3608. 0. 14 1. 3608. 6000. 0. - 0.60 20.5 44.0 0.42 0. 0. 

10 5 1054. 16 7. 0. 363'•. 16 7. 0. 3634. 7650. 0. 0.48 15. 6 46.5 0. 26 0. 0. 
11 4 1506. 0. 203. 36 34. 0. 203. 3634. 6000. 0. 0. 6 1 20. 7 43.9 0. 39 0. 0. 
12 4 3~95. 142. 0. 3573. 14 2. 0. 3573. 6000. 0. 0.60 20.3 44. 1 0. 98 0. 0. 
13 4 1982. 0. 248. 3573. 0. 248. 3573. 6000, 0. 0.60 20.3 44, 1 0. 5 I 0. 0. 1,, 4 14 78. 0. 254. 3325. 0. 254. 3325. 6000. 0. 0.55 18. 5 44.9 0. 37 0. 0. 
15 4 1880. 168. 0. 3239. 168. 0. 3239. 6000. 0. 0.54 17. 9 45.2 0.47 0. 0. 
16 4 1890. 0. 445. 3?.39. 0. 445. 3239. 6 000. 0. 0.54 17. 9 45. 2 0.47 0. 0. 
17 4 3434. 184. 0. 2978. 184. 0. 2978. 6 00 0. 0. 0. so 16. 2 46. 1 0.85 0. 0. 
18 4 2 1+ 74. 0. 118. 2978. 0. 118. 2?78. 6000. 0. U2 16. 2 46. I 0. 6 1 0. 0. 
19 3 1500. 0. 2860. 2860. 0. 2860. 2860. 4350. 0. 22. 7 42. 1 0. 41 0. 0. 

TOTAL 40168. TOTAL 9. 96 

Figure 142. FREQ3CP Slmulatlon Result for 1-95 Existing Conditions. 

263 



FREQ3CP 

TIME SLICE 3 4, 30 PM 

TIME SLICE. OF 6 
GROIJTH PERIOD 0 OF 
OCCUPANCY 1. 56 

QUEUE COLL. SECTION 6 T2= 0. 079 
QU[UE COLL. SECTION 5 T2= 0. 08 1 

QUEUE OUT OF SECTION 1 

SUB HO. SSEC O-D DATA DEMANDS ADJUSTED VOLUMES FRWY WEAVE V/C DENS. SPEED TRAVEL QUEUE- STORAGE 
SEC LHS LENGTH ORG. DES. DEM. ORG. DES. VOL. CAP. EFF V/M/L MPH TIME LENGTH RATE 

1 3 2390. 2834. 0. 2834. 2023. 0. 2023. 4350. o. 0.47 22 .8 29.6 •• 0. 92 2390. 811. 
2 6 1341. 2838. 0. 5672. 2838. 0. 4861. 9210. 90. 0. 5 3 39.0 20.8 .. 0. 7 3 1341. 8 11. 
3 5 3294. 0. 0. 5672. 0. 0. 486 1. 7560. 90. 0. 64 53. 2 18. 3 .. 2.05 3294. 811. 
4 4 900. 0. 143. 5672. 0. 143. 4S6 1. 5910. 90. 0.82 55.7 21. 8 .. 0 :4 7 . 900. 8 11. 
5 4 1863. 494. 0. 6023. 494. 0. 52 12. 6000. 0. 0.87 55.7 23.4 •• 0. 9 1 1863. 788. 
6 4 2577. 284. 0. 6 307. 28'1. 0. 51+ 96. 6000. 0. 0.92 55.0 25.0 •• 1. 17 2577. 504. 
7 4 2075. 0. 272. 6307. 0. 258. 54?6. 6000. 0. 0.92 56. 8 24.2 .. 0. 97 2075. 504. 
8 4 3091. 762. 0. 6797. 762. 0. 5923. 6000. 0. 0.99 50.2 29.5 • 1. 19 315. 77. 
9 4 1644. 0. 267. 6797. 0. 233. 5923. 6000. 0. 0. 9 9 50. 5 29.3 •• 0.64 1644. 77. 

10 5 105ft. 310. 0. 68'1 0. 310. 0. 6 0 00. 7650. 0. 0. 78 49. 4 24.3 •• 0.49 1054. 77. 
11 4 1506. 0. 383. 6~M0. 0. 332. 6000. 6000. 0. 1.00 50. 8 29.5 0. 58 0. 0. 
12 4 3795. 264. 0. 6 721. 264. 0. 5932. 6000. 0. 0. 9 9 48. 2 30 .8 1. 40 0. 0. 
13 4 1952. 0. 46 1•. 6 72 1. 0. 404. 54 35. 6000. 0. 0. 9 1 44.4 30. 6 • 0.74 1493. 497. 
14 4 14 78. 0. 47 1. 6257. 0. 4 13. 50 32. 6000. 0. 0.84 37. 0 34.0 •• 0.49 1478. 497. 
15 4 1880. 116. 0. 6 102. 316. 0. 4935. 6000. 0. 0 .82 38. 9 31. 7 •• 0.67 1880. 497. 
16 4 1890. 0. 834. 6 102. 0. 736. 4935. 6000. 0. 0.82 42.7 28. 9 .. 0. 74 1890 . 497. 
17 4 3434. 34S. 0. 5613. 345. 0. 4543. 6000. 0. 0. 7 6 4 9. 6 22.9 •• 1. 7 0 3434. 497. 
18 4 2474. 0. 216. 56 13. 0. 193. 4543. 6000. 0. 0. 7 6 60. 2 18. 9 •• 1. 49 2474. 497. 
19 3 1500. o. 5397. 5397. 0. 4350. 4350. 4350. 0. 1. 0 0 49.2 29.5 0. 58 0. 0. 

TOTAL 40168. TOTAL 17. 91t 

QUEUE LENGTH DELAY 
VEIIICLES VCII-HRS 

OH-RAMP INPUT POINT 13. 17 0. 11 
MERGING POINT 0. 0 0. 0 

TOTAL 13. 17 0. 11 

CUR~EHT TIME INTERVAL CUMULATIVE VALUES 
FREEWAY TRAVEL TIME= 901. VEII-IIRS= 1405. PASS-HRS 2169. VEII-IIRS= 339 1. PASS-HRS 

!HfUT DELAY: 0. VEll-llilS= 0. PASS-IIRS 0. VEIi-HRS= 0. PASS-IIRS 
OUTPUT DELAY= 0. vrn-llRS= 0. PASS-IIRS 0. V Ell-HRS= 0. PASS-IIRS 

TOTAL lRAVEL l!ME= 901. Vtll-llRS= 1405. PASS-IIRS 2169. VEII-IIRS= 339 1. PASS-IIRS 
TOTAL TRAV DISTMlCE= 23600. VEH-MI.= 36816. PASS-MI. 79170. VEli-111. = 1238 18. PASS-MI. 

TIME SLICE 6 6•00 PM 173. 

TIME SLICE 6 OF 6 
GROIHlt PERIOD 0 OF 
OCCUPANCY 1. 57 

SUB HO. SSEC 0-0 DATA DEMANDS ADJUSTED VOLUMES FRWY WEAVE V/C DENS. SPEED TRAVEL QUEUE- STORAGE SEC LHS LENGTH ORG. DES. DEM. ORG. DES. VOL. OP. EFF V/M/L MIH TIME LEtlGTH RATE 

1 3 2390. 1333. 0. 1333. 1333, 0. 1333. 4350. 0' 0.31 9. 1 48.8 0. 56 0. 0. 2 6 134 I. 1332. 0. 2665. 1332. 0. 2665. 93 0 0. 0' 0. 29 8.9 4 9. 8 0. 3 I 0. 0. 3 5 3294. 0. 0. 2665. 0. 0. 2665. 7650. 0' 0.35 IO. 9 48.8 0. 77 0. 0. 4 4 900. 0. 68. 2665. 0. 68. 2665. 6000, 0' 0. 4't 14. 2 4 7. I 0.22 0. 0. 5 4 1863. 233. 0. 2330. 233. 0. 2830. 6 0 0 0. 0. 0.47 14, 1 50.2 0.42 0. 0. 6 4 2577. 137. 0. 2967. 137. 0. 2967. 6000. 0. 0.49 14. 8 50. 0 0. 5 9 0. 0. 7 4 2075. 0. 130. 296-7. 0. 130. 29(, 7. 6000. 0. 0.49 16. 1 46. 1 0. 5 I 0. 0. 
8 4 3091. 360. 0. 3 197. 360. 0. 3 197. 6000. 0. 0.53 17. 6 45.4 0. 77 0' 0. 9 4 16<,4. 0. 126. 3197. 0. 126. 3 197. 6000. 0' 0.53 17. 6 45.4 0.41 0' 0. 10 5 1054. 147. 0. 3218. 147. 0. 32 18. 76 50. 0. 0 .1,2 13. 5 47.5 0.25 0. 0. 11 4 1506. 0. 181. 3218. 0' 181. 3218. 6 0 00. 0' 0.54 17. 8 45.3 0. 38 0' 0. 12 4 3795. 125. 0. 3162. 125. 0. 3 162. ~o oo. 0' 0.53 17. 4 45.5 0.95 0. 0. 13 4 1982. 0. 220. 3 162. 0. 220. 3162. 6000. 0. 0.53 17. 4 45.5 0.50 0. 0. 14 4 1478. 0. 224. 2942. 0. 224. 29ft2. 6000. o. 0.49 15. 9 46.2 0. 36 0. 0. 15 4 1880. 149. 0. 2867. 14 9. 0' 2S6 7. 6000. 0. 0.48 15, 4 46.4 0.46 0. 0. 16 4 1390. 0. 393. 2867. 0. 393. 2867. 6 0 0 0. 0. 0.48 15. 4 46.4 0.46 0. 0. 17 4 34l4. 162. 0. 2636. 162. 0. 2636, 6000. 0' 0.44 14. 0 47.2 0.83 0. 0. 18 4 24 74. 0. 103. 2636. 0. 10 3. 2636. 6000. 0. 0. 4 1, 14, 0 47.2 0. 60 0. 0. 19 3 1500. 0. 2533. 2533. 0. 2533. 2533. 4HO. 0. 0.58 19. 4 43.6 0.39 0. 0. 

TOTAL 40168. TOTAL 9. 72 

CURRENT TIME INTERVAL CUMULAT VE VALUES 
FREEWAY TRAVEL TIME= 458. VEII-IIRS 7 19. PASS-HRS 4052. VEII-IIRS 6347. PASS-HRS 

INPUT DELAY= 0. VEII-IIRS 0. PASS-IIRS 0. VEII-IIRS 0. PASS-IIRS 
OUTPUT DELAY= 0. VEll-llRS 0. PASS-IIRS 0. VEIi-HRS 0. PASS-IIRS 

TOTAL TRAVEL TIME= 458. VEIi-HRS 7 19. PASS-IIRS 4052. VEIi-HRS 6348. PASS-IIRS 
TOTAL TRAV DISTANCE= 21436. VEH-MI. 33655. PASS-MI. 1450 IO. VEIi-MI. 227 188. PASS-Ml. 

END OF SIMULATION FOR ABOVE CRITERION 

Figure 142. FREQ.3CP Simulation Result for 1-95 Existing Conditions (Continued). 
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•TIME SL ICE 3 OF 
THE STRATEGY IS SUCH THAT THE V/C DOES HOT EXCEED 0.99 WITH 0.90 PROBABILITY 
TAKING INTO CONSIDERATION THE FLUCTUATION OF THE MAINLINE INPUT 
THE MAINLINE INPUT IS ASSUMED TO BE NORMALLY DISTRIBUTED WITH VARIANCE= 1.00 •MEAN ••••••••••••••• 

2 OD TABLES USED TO DETERMINE PASSENGER OCCUPANCY 

COMBINED OR!GIN-DESTIHATION TABLE--ALL VEHICLES 
OR!GIN-DESTIHATION TABLE(VEHICLES PER HOUR) 

ORIGIN DESTINATION ACROSS 
DOWN 

0 1 2 3 4 5, 6 7 g 9 
1 71. 132. 14 1, 17 1. 172. 181. 315. 72. 1647. 
2 74. 127. 104. 142. 208. 168. 265. 67. 1683. 
3 0. 14. 7. 26. 23, 33. 77. 13. 30 1. 
4 0. 2. 10. 23. 20. 20. 20. 4. 185. 
5 0. 0. 8. 23. 27. 30. 82. 20. 572. 
6 0. 0. 0. 2. 5. 23. 36. 14, 230. 
7 0. 0. 0. 0. 13. 20. 29. 13. 189. 
8 0. 0. 0. 0. 0. 0. 17. 7. 292. 
9 0. 0. 0. 0. 0. 0. 0. 8. 337. 

SUM(DESTJ 145. 27 5. 270. 387. 468. 475. 84 1. 218. 5436. 
SUM(OR!Gl 2902. 2838. 494. 284. 762. 31 0. 264. 3 16. 345. 

••METERING LIMITS•• 
0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 

MAXIMUM MAIN 5000. 1200. 1200. 1500. 1200. 1200. 1200. 1200. 
mNIMUM LINE 900. 180. 180. 240. 180. 180. 180. 180. 
CAPACITIES TAKE 1. ITERATIONS TO CONVERGE 

CONTROL STRATEGY ON VEHICLE BASIS 

FREQ3CP 

ON-RAMP ORIGINAL DEMAND PRIORITY FREWAY INPUT RATE NON-PRIORITY PRESET CONTROL STRATEGY 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

TOTAL 

CVEHl 

2902. 
2838. 

494. 
284. 
762. 
310. 
264. 
3 16. 
345. 

8515. 

TOTAL TRAVEL DISTANCE 
TOTAL DEM,\HD 

TOTAL INPUT VOLUME 
TOTAL DIVERTED DErlMID 

TOTAL DEMAND TRANSFERED 
TO THE NEXT TIME SLICE 

ON-RAMP DIVERTED 
NO. DEf1,\HD 

(VEH/T,S.l 
1 0. 
2 1307, 
3 0. 
4 0, 
5 522. 
6 0. 
7 0. 
8 136. 
9 165. 

SUM( DES Tl 2130. 

ON-RAMP TRANSFERED 
NO. D(MAND 

<VEll✓ T.S.l 
1 0. 
2 0. 
3 0. 
4 0. 
5 0, 
6 0. 
7 0. 
8 0. 
9 0. 

SUM<DES Tl 0. 

(PASS) CUT-OFF LEVEL C VEIi) CPASS) 
-------------

4527. 0 
4,, 27. o• 

771. 0 
4r,3. 0 

1189. o• 
484. 0 
4 12. 0 
493. O• 
538. o• 

13284. 

CURRENT TIME 
35364. VEH-MIL ES 
8515. VEIIICL ES 
6385. VEIIICLES 
2130. VEIIICLES 

0. VEHICLES 

2902. 4527. 
1531, 23S8. 
494. 771. 
2!Vi. 443. 
2r,o. 374. 
310. 434. 
264. 4 12. 
180. 281. 
180. 281. 

6385. 996 0. 

INTERVAL 
55167. PASS-MILES 
13284. PASSEHGERS 

9960. PASSEi/GERS 

DEMAND( VEH/T. S. l DIVERTED TO 

METERHIG RATE -------------
0. NO METERitlG 
0. F'RIORITY CUT-OFF 
O: PRIOC:ITY CUT-OFF 
0. PR!Or!ITY CUT-OFF 
0. PRIO~ITY CUT-OFF 
0 PRIORITY CUT-OFF 
0. Pf:IORITY CUT-OFF 
0. FR!OR!TY CUT-OFF 
0. PRIORITY CUT-OFF 

CUl':ULATIVE VALUES 
91613. VEIH!ILES 143233. PASS-MILES 

PASSc:IGEF.S 
PASS Eti GER 5 

1893't. VElilCLES 29596. 
16304. VEIIICLES 2f273. 
2130. VEl!!CLES 

O•. VEHICLES 

ARTERIAL STREETS 

DISTRIBUTION PATTERN 
DESTINATION 
NO. 

l 2 3 4 5 6 7 8 9 
0. 0, 0. 0. 0. 0. o. 0. 0. 

50, 86, 7 0. 96. 14 0. 113. 179. 45. 528. 
0. 0, 0. 0. 0. 0. 0. 0. 0. 
0. 0, 0. 0. 0. 0. 0. 0. 0. 
0, o, 8. 23. 27. 30. 82. 20. 332. 
0, 0, 0. 0. 0. 0. 0. 0. 0. 
0. 0, 0. 0. 0. 0. 0. 0. 0. 
0. 0, 0. 0. 0. 0. 17, 7. 112. 
0. 0. 0. 0. 0. 0. 0. 8. 157. 

50. 86, 78. 11?. 16 7. 143. 278. 80.1129. 

DEMAND(VEH/T.S.) TRANSFERED TO THE NEXT TIME SLICE 

DISTRIBUTIOH PATTERN 
DESTINATION 
NO. 

1 2 3 4 5 6 7 8 9 
0. 0, 0, 0, 0. 0. 0. 0. 0, 
0. 0. 0. 0. 0. o. 0. 0, 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. o. 0. 0, 
0. 0. 0. 0. 0. 0. 0, 0. 0. 
0. 0. 0. 0. 0. 0. 0, 0. 0. 
0. 0. 0. 0. 0, 0. 0. 0. 0. 
0. 0. 0. 0. 0, 0. 0, 0. 0. 
0. 0. o. 0, 0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 0. 0. 0, 0. 

LIMIT 
LIMIT 
Lil!IT 
L IilIT 
LH!IT 
L HI! T 
LH1IT 
LH!IT 

Figure 143. FREQ3CP Simulation Result for Optlnal Priority Con1rol (max. veh. Input) 
Under Existing Condition. 
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FREQ3CP 

TIME SLICE 3 4,30 PM 

TIME SLICE 3 OF 6 
GRO'.lTH PERIOD 0 OF 
OCCUPANCY I. 56 

SUb NO. SSEC 0-D DATA DEMAtlDS ADJUSTED VOLUMES FRIH WEAVE V/C DENS. SPEED TRt,VEL QUEUE- STORAGE 
SEC LNS LENG TH ORG. DES. DEM. ORG. DES. VOL. CAP. EFF V/~1/l MPII TH1E LE,JGTH RATE 

1 3 2390. 2902. O. 2902. 2902. 0. 2902. 4350. 0. 0. 6 7 23. 1 4 1. 9 0. 6 5 0. 0. 
2 6 1341. 1531. 0. 4433. 153 1. 0. 44 33. 930 0. o. 0. (18 15. 9 46. 5 0. 33 0. 0. 
3 5 3294. 0. 0. 4433. 0. 0. 4433. 7 6 5 0. 0. 0. 58 20. 0 4r♦• 4 0. :Vi 0. 0. 
4 4 900. 0. 95. 44 33. 0. 95. 4433. 6 00 0. 0. 0.7'i 27. 0 4 1. 0 0.25 0. 0. 
5 4 1863. 494. 0. 4832. 4 94. 0. 4832. 6 0 0 0. 0. 0. S 1 25. 6 47.3 0. '+5 0. 0. 
6 4 2577. 284. 0. 5 116. 284. 0. 5 116. 6 0 0 0. 0. 0.85 27.3 46.9 0.63 0. 0. 
7 4 2075. 0. 189. 5 116. 0. 189. 5 116. 6000. 0. 0.85 33.5 33.2 0. 6 2 0. 0. 
8 4 309 1. 240. 0. 516 7. zr+o. 0. 5 16 7. 6 000. 0. 0.86 33. 9 33. 1 0. 92 o. 0. 
9 4 1644. 0. 192. 5 16 7. 0. 192. 5 16 7. 6 00 0. 0. 0. ,,6 33.9 .33. 1 0. '+9 0. 0. 

10 5 10 54. 310. 0. 5285. 3 10. 0. 5285. 7 6 50. 0. 0. 6 9 25. 1 42.0 0.28 0. 0. 
11 4 1506. 0. 268. 5285 .. 0. 268. 5285. 6000. 0. 0.88 35. 0 3 7. 7 0. (t 5 0. 0. 
12 4 3795. 264. 0. 5280. 264. 0. 5280. 6000. 0. 0. 88 35. 0 37. 7 1. 14 0. 0. 
13 4 1982. 0. 30 1. 5280. 0. 30 1. 5280. 6000. 0. 0.83 35. 0 3 7. 7 0.60 0. o. 
14 4 14 78. 0. 332. 4980. 0. 332. 4 980. 6 0 0 0. 0. 0.83 32. 5 38.3 0.44 0. 0. 
15 4 1880. 180. 0. 4828. 180. 0. 4828. 6000. 0. 0.80 30. 6 39. 4 0.54 0. 0. 
16 4 18 90. 0. 564. 4828. 0. 564. 4828. 6000. 0. 0.80 30. 6 3 9. 4 0. sr~ 0. 0. 
17 4 3rt34. 180. 0. 44,,4. 180. 0. 44(tft. 6 0 0 0. 0. 0. 74 27. 1 40.9 0.95 0. 0. 
18 4 2474. 0. 137. 44 1+4. 0. 137. 4444. 6000. 0. 0. 7t, 2 7. 1 f+ 0. 9 0.69 0. 0. 
19 3 1500. 0. 430 7. 4306. 0. 4307. 4306. 4350. 0. 0. 99 46. 8 30. 7 0. 56 0. 0. 

TOTAL 40 168. TOTAL 11. 37 

CURRENT TIME INTERVAL CUMULATIVE VALUES 
FREEWAY TRAVEL TIME= 903. VEH-HRS 1409. PASS-HRS 2191. VEH-HRSc 3425. PASS-HRS 

INPUT DELAY= 0. VEIi-HRS 0. PASS-HRS 0. VEH-IIRS= 0. PASS-HRS 
OUTPUT DELAY= 0. VEIi-HRS 0. PASS-HRS 0. \/EH-URS= 0. PASS-HRS 

TOTAL TRAVEL T !ME= 903. V[ll-1\RS 1409. PASS-HRS 2 19 1. VEll-1\RS= 3425. PASS-HRS 
TOTAL TRAY DISTANCE= 36183. VEIi-MI. 56445. PASS-MI. 92432. VEH-MI.= 144511. PASS-ti!. 

T!Mc SLICE 6 6' 0 0 PM 

T I~~ [ SliCE OF 6 
c;r;c 1,!T H P['.":IOD 0 OF 
occur>,._ ti CY 1. 57 

SUB r,~. SSEC 0-D DATA DEMtd•-IDS ADJUST ED VOLU~ES FR 1JlY \.:EAVE V/C DENS. SPEED TRAVEL QUEUE- STORAGE 
,c: L ::5 LL1lGHi OcG. DLS. Df.M. Ol~G. tLS. VOL. Cf,f'. ErF V/,~l/l ~1r'H TIME L E,/GTH RATE 

1 2390. 1380. 0. 1380. 1 380. 0. 1380. 435!). 0. 0.32 9.5 48.6 0. 56 0. 0. 
2 13ft 1. 1332. 0. 27 12. 1 JJ2. 0. Z 7 12. 9JO O. 0. 0.29 9. 1 49 .8 0. 31 o. 0. 
3 32 ?',. 0. a. 27 12. 0. 0. 27 12. 765Q. 0. 0.35 11. 1 43.7 0. 77 0. 0. 
4 90 0. 0. 6 9. 2 7 12. 0. 6 9. 27 12. 6C~O. 0. 0. 45 14. (t 46.9 0.22 0. 0. 
5 1~6 3. 233. 0. 2376. 233. 0. 2876. 6 0 OJ O. 0, 0. (t3 14. 3 50.2 0. '•2 0. 0. 
G 2 5 7 7. 137. 0. 30 \ J. 13 7. 0. 30 1 3. 6OC0. 0. 0. 50 15. 1 50. 0 0.59 0. 0. 
7 2075. 0. 132. 30 13. 0. 1 32. 30 13. 6 GO Q. 0. 0. 50 16. 4 46. 0 0. 5 1 0. 0. 
8 30 9 I. 36 0. 0. 3?.t, 0. 36 0. 0. 324 o. 6COO. o. 0.54 17. 9 45.2 0. 78 0. 0. 
9 \6(14. 0. 128. 32t1 0. 0. 128. 3::t,O. 6000. 0. 0.54 17. 9 45. 2 0. 4 1 0. 0. 

1 0 IO 54. 14 7. o. 325 9. 1 f♦ 7. 0. 3.?5?. 76 :> 0. 0. 0.'t3 13. 7 47.4 0.25 0. 0. 
II 1505. 0. 184. 3219. 0. 18'+. 3259. 6 CC O. 0. 0. 5t, 18. 0 45.2 0. 38 0. 0. 
12 3 7 95. 125. 0. 3200. 125. 0. 320 0. 6000, 0. 0.53 17. 6 45. "t 0. 95 0. 0. 
13 1982. 0. 22 3. 3200. 0. 22 3. 32() 0. 6000. 0. 0.53 17. 6' 45.4 0. 50 0. 0. 
14 F173. 0. 22 7. 2978. 0. 2 27. 297 8. 6 0 00. 0. 0. 50 16. 2 46. 1 0. 36 0. 0. 
15 18 /~ 0. ,,, 9. 0. 2 ?O O. 14 9. 0. 2 900. 6 0 0 0. 0. 0. 4ll 15. 6 46.3 0.46 0. o. 
16 1390. 0. 393. 29CO. 0. 3')3. 2 r, 0 0. 6000, 0. 0.43 15. 6 46.3 0. 46 0. 0. 
17 ,, 3f1:F1. 162. 0. 2664. 162. 0. 266ft. 6 COO. 0. 0. '•4 14. 1 4 7. 1 0.83 0. 0. 
18 4 zr, 74. 0. 10 11. 266 1,. 0. 104. 266 4. 6000. 0. 0. '•4 14. 1 4 7. 1 0.60 0. 0. 
19 3 150 0. 0. 256 0. 2560. 0. 2560. 256 0. <♦ 350. 0. 0.59 19. 6 43.5 0.39 0. 0. 

TOTAL 40 168. TOTAL 9.75 

CURRENT TIME INTERVAL CUMULATIVE VALUES 
F'REEl~,'\Y TRAVEL TIME= 465. VEII-IIP.S 730. PASS-HRS 3869. VEH-llRS= 606 0. PASS-HRS 

INPUT DELAY= 0. VEIi-HRS 0. PASS-1\RS 0. VEH-IIRS= 0. PASS-HRS 
OUTrUT DELAY= 0. vu1-11r:s 0. Pt.SS-HRS 0. v.::::11-m::s= 0. PASS-HRS 

TOTAL TRAVEL TIME' 465. VEt\-1\~S 730. Pf,55-tlf:5 3869. VEl1-llc5= 6060. PASS-HRS 
TOTAL TRAV DI5TAtlCE 0 2 17 36. VEIi-MI. 34125. PASS-~11. 168024. VEH-MI.= 263 191. PASS-Ml. 

END or SIMULATION FOR ABOVE CRITERION 

Figure 143. FREQ3CP Simulation Result tor Optinel Priority Control (max. veh. input) 
Under Existing Condition (Continued). 
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Table 34 - Comparison of FREQ3CP Results For Alternative Ramp Control Strategies on 1-95. 

EXISTING LANES ADDITIONAL LANES 
Ex 1st. 

Measures of Effectiveness Oeeratlons 

Freeway Travel Tlme-Veh/Hrs. 4,839 
Pass/Hrs. 7,583 

Input Delay-Veh/Hrs. 48 
Pass/Hrs. 75 

Output Delay-Veh/Hrs. -o-
Pass/Hrs. -o-

Total Travel/Time-Yeh/Hrs. 4,887 
Pass/Hrs. 7,658 

Total Travel Dlstance-Veh/Mlle 133,205 
Pass/Ml I e 208,629 

Diverted Vehicles -0-
Passenger -o-

Ing to control vehicle entry, a total of 2720 
vehicles and 4321 passengers were diverted to 
the adjacent arter lal street system. As a 
result of thl s diversion vehlcl e and passen
ger-hours of travel were slgnlflcantly 
reduced (21%). 

With the additional through lane a signifi
cant Increase In the vehicle ml les of travel 
occurred on existing conditions (from 133,205 
to 164,671 or 23.6%). With ramp metering to 
control vehicle entry, further Improvement Is 
obtained (from 164,671 to 168,624 or 16.3%). 
However, Implementation of ramp controls for 
the existing condition results In signifi
cantly Improved operation compared with 
adding lanes providing no controls. Since 
the cost of ramp metering Is significantly 
I ess than the add I tlon of a freeway I ane, 
this alternative should be Investigated 
further. This additional study would have to 
look at the affect of diverted vehicles on 
the adjacent street system. 

s...,.y of Work Effort Required 

The fol lowing summarizes the effort required 
to use the FREQ3CP model to eva I uate ramp 
control strategies. 
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With Typical With 
Rame Controls Oeeratlons Rame Contro Is 

3,876 4,052 3,869 
6,072 6,347 6,060 

-o- -o- -o-
-o- -0- -o-
-o- -o- -o-
-o- -o- -o-

3,876 4,052 3,869 
6,072 6,348 6,060 

164,671 145 ,o 10 168,624 
257,959 227,180 253,191 

2,770 2,130 
4,321 3,323 

Data Col lectlon - The data col lectlon effort 
Is substantiated and Is similar to that des
cribed for PRIFRE. Uni Ike PRIFRE, which used 
average vehicle occupancy, It Is possible to 
have d If ferent rates for. each on-ramp. 
However, the same rate was app 11 ed for each 
ramp In this problem. 

Data Coding - Since the data had been pre
viously coded for PRIFRE most of the Informa
tion could be easl ly coded. Initial data 
coding required apprcodmately four hours for 
the first case. However, apprco<lrrately 
eight hours were required to review and 
correct errors In the data. 

Computer Time - Execution time for the FRB;)-
3CP model required between 6.1 and 6.2 sec
onds of CPU t I me to run each cond It Ion. A 
total of 168k of core storage was required. 
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CHAPTER 14 - FUTURE DEVELOPMENTS 

The application of computer modeling to solve 
problems In traffic operations has proven to 
be a usefu I, and In rrany cases, necessary 
means of optiml z Ing and eva I uatlng traffic 
control strategies. This Is a field that Is 
constantly evolving. The models described In 
the Handbook are updated frequently to incor
porate new strategies, slmpl tty Input data 
requ lrements, reduce computer runn Ing ti me, 
etc. The user must attempt to stay abreast 
of these new developments to rraxlmlze the 
effectiveness of computer model Ing efforts. 

EMERGING MODEL DEVELOPMENTS 

The development of the theor les that support 
the computer models used by traffic engineers 
has slowed somewhat In recent years. The 
current emphasis is In the appl lcatlon of 
existing theories and on the refinement of 
the computation logic and data rranagement as
pects of the models. The fol I ow Ing sect Ions 
briefly describe some of the more significant 
models which are in various stages of devel
opment. 

TRAFLO: A Macroscopic Slmulatlon for Urban 
Traffic Manag••nt 

The objective of the TRAFLO mode I (Ref. 14. 1 ) 
Is to provide an efficient tool which can be 
used to test and eva I uate traff I c rranagement 
strategies that are appl led over a large 
area. This model Is being developed In re
sponse to the need for the ph 11 osophy of 
"Tran sportat Ion System Management" as a re
p I acement for the narrower concept of 11 trat
f le control 11. The model wl 11 be designed to 
satisfy the fol low Ing requirements: 

1. The rrodel must provide values of al I 
rel event measures of effectiveness (MOE) 
which describe traffic operations on 
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I / 

Figure 144. Computer Models Can Be Useful 

urban streets and freeways. The scope, 
accuracy and level of detail of these IJOE 
must be adequate for the purpose of 
evaluating traffic rranagement strate
g les; 

2. The model must exh lb It the t I ex lb 111 ty 
necessary to accommodate the widest 
possible range of such strategies, 
Including those which affect route and 
mode I cho Ice; 

3. The model must be ab I e to represent a 
region of approximately 2,000 Intersec
tions, whose traffic environment Includes 
networks of freeways, arterials, and grid 
networks of surface streets; 

4. The rrodel must be des I gned to sat I sty 
these requirements with a reasonable 
demand on computer resources. It shou Id 
be operational on virtually any general 
purpose computer; 
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5. The program must be easy to use, requir
ing as little Information as possible so 
as to minimize the cost, effort and level 
of expertise needed tor its implementa
tion. 

6. The computer program of the model must be 
easy to understand, to ma lnta In, to up
date, and to extend In scope. 

The simulation is macroscopic In nature with 
three separate levels of detal I: 

1. Leve I Is the rrost deta I I ed I eve I of 
traffic representation. It is designed 
to exp! icitly treat traffic control de
vices, include al I channelization op
tions, and describe the traffic opera
tions at grade Intersections In consider
able detail. Careful distinction is made 
between general traffic operations re
f lecting the flow of private automobi !es, 
and mass transit vehicles servicing pas
sengers at bus stations located along 
t ixed routes. In addition, trucks and 
car-pool vehtcles are explicitly consid
ered. Other features inc I ude actuated 
s I gna I control I og I c, r I ght-turn-on-red, 
pedestr Ian interference, and source/sink 
flow. A wide range of MOE Is provided as 
output. 

2. Level 2, which wi 11 be computationally 
taster than Leve I 1, Is I ess deta I I ed and 
Inc I udes fewer features. Never the I ess, 
the traffic flow patterns are carefully 
described in the form of statistical his
tograms. These h I stograms express f I ow 
rate as a function of time on each net
work link, stratified by turning move
ment; buses are treated in somewhat more 
detail. Platoon dispersion Is treated 
explicitly and service rates at the In
tersection are related to turn movement 
and to the sf gna I control. Th Is I eve I 
prov I des the same output MJE as does 
Level 1. 

3. Level 3, which wll I be the fastest compu
tationally, is the least detal led and is 
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applicable only to arterials. The pla
toon structure of trafti c Is not repre
sented; tratti c flow and sf gnal control 
are described in terms of aggregate vari
ables. f-bwever, traffic Is stratified by 
turn movement to ref I ect the d I ffer Ing 
service rates associated with each. Bus 
traffic Is treated-explicitly, as is sig
nal coord I nation and the time-dependent 
behavior of tratti c. Congested cond i
t ions are accommodated and spillback is 
considered. While the detailed behavior 
of traffic at intersections is not 
explicitly represented, the associated 
impedances are modeled. 

The structure of the 1RAFLO model is shown in 
Figure 145. 

A separate model treats tre81fay operations 
which can be partitioned Into a number of 
subsystems to save computer costs. 

TRAFLO also Incorporates a traffic assignment 
model to extend the functions of the package 
to include transportation plann Ing in addi
tion to traffic engineering. An existing 
assignment model named 1RAFFIC (Ref. 14.2) is 
interfaced Internally to the traffic simula
tion model to facilitate the use of the 
program. 

TRAF: A Syst• of Shaulatlon Models 

The fol lowing describes this model system and 
I ts status as presented at a recent confer
ence on Application of Traffic Simulation 
Models by Guido Redel at (Ref. 14.3). 

"To address the prob I em of I mprov Ing human 
efficiency in connection with traffic 
simulation, the Office of Research of FHWA Is 
developing a system of traffic simulation 
models named 1RAF (Ref,. 14.4). This system 
Is desl gned to represent traffl c flow on any 
existing highway facility. 

"Since lRAF will be a single source of traf
f lc simulation programs, the user need be 
concerned with only one set of documentation 
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Figure 145. Structure of the TRAFLO Model 

and one set of Input and output format. This 
standard lzation wl 11 put an end to the con
tusion caused by the diversity of simulation 
approaches and format. It wil I also reduce 
considerably the overal I learn Ing effort In 
connection with the appl !cation of traffic 
simulation. 

"In the deve I opment of TRAF, spec I a I consi
deration is given to the task of producing 
the best possible program documentation. 
Instead of the deta ii ed f I ow charts that were 
previously used to document many simulation 
models, TRAF uses a mod If I ed system of h I er
archy plus input-process-output {Hf PO) 
charts, which are roore effective in depicting 
the I og I ca I structure of the programs. 
Numerous corrrnents are Included in the code 
and each var I ab I e of the program Is def I ned 
in every subroutine where it appears. 

"The code Itself is carefully planned for 
minimum branching, and it Is completely modu-
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far {subroutines are short and perform only 
one function). A standard code format has 
been estab I I shed that makes the programs easy 
to read and presents the log I c as cl ear I y as 
poss I b I e. 

"Also, an lntegratud traffic simulating 
system w 11 I tac I I I ta te the ma In tenance and 
support activities for two reasons: {a) with 
only one simulation system to maintain and 
support, these operati'ons can be centralized; 
and {bl these activities can be automated to 
a large extent by usi1,g a specialized "oper
ating system." 

11 The creation of TRAf" does not involve nE:W 

model development, b1Jt the enhancement of 
what Is regarded as t1e best traffic simula
tion logic available. This logic is in the 
form of rodular ized subroutines that are 
being stored In a master fl I e. A program 
tailored to a particular application can be 
generated by an operat Ing system that selects 
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Microscopic Macroscopic 

URBAN NETWORKS NETSIM NETFLO 

FREEWAYS FRESIM FREFLO 

TWO-LANE ROADS ROADSIM -

Figure 146. Components of Models That Are 
Being Integrated Into TRAF 

the needed subroutines, adjusts their dlmen
s Ions, and Integrates them. This flexlbl llty 
wll I minimize the waste of computer resources 
because the programs contain only the user's 
selected features and dimensions required by 
the desired applications. 

"The models that are being integrated into 
TRAF are shown In Figure 146. The names of 
these component models cons I st of a pref Ix 
and a suffix. The prefixes NET, FRE, and 
ROAD Indicate urban networks, freeways, and 
two-lane, two-way rural roads, respectively. 
The suffix SIM means microscopic and FLO 
macroscopic. 

11 NETSIM, the microscopic model for urban net
works, was created 10 years ago and has been 
almost continuously enhanced since then (Ref. 
14.5). Recently it has been reprogrammed to 
conform to TRAF programming standards and 
further enhanced. 

"The macros cop I c node Is tor urban networks 
and freeways, NETFLO and FREFLO, form a sub
system cal led TRAFLO; that Is, the macro
scopic portion of TRAF. NETFLO was developed 
according to TRAF programming standards, and 
FREFLO is essentially the existing MACK 
freeway model, reprogranmed and adapted to 
the TRAF environment. NETFLO is beginning 
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its Implementation phase, while FREFLO Is 
going through enhancement and testing. 

FRES IM, the mi croscop I c freeway model, w I I I 
be primarily the freeway portion of INTRAS 
(Ref. 14. 6), a mi croscop I c treew ay corr I dor 
model that has been tested and implemented. 
FRESIM wil I 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 developed by the National 
Cooperative Highway Research Program (Ref. 
14. 7). It is being reprogrammed and 
Integrated into the TRAF system. 

"The TRAF operating system is shown in Figure 
147. It Is a computer program cons I sting of 
the fol lowing major components: 

1. A master tile where the modularized sub
rout In es of the component mod els a- e 
stored; 

2. A file maintenance program that auto
matically modifies the content of the 
master t I I e; 

3. A program generator that reads the fea
tures spec It I ed by the user, se I ects the 
subroutines that simulate these features, 
and forms an app I I cat ion program that 
satisfies user's specification; and 

4. A report generator that produces various 
I ntormatlve computer pr In touts. 

"At present, there are no plans at FHWA for 
developing new traffic simulation models. A 
survey of the computer technology and 
prediction of computer developments In the 
near future Is consi dared necessary before 
the needs tor new models can be determined 
and plans tor their development formulated. 

11 Emphasl s Is now gl ven to testing and 
Implementing the models of the TRAF tami ly; 
first as stand-alone program and then as a 

·system. The implementation of the TRAF 
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Figure 147. Functional Operation of the TRAF Mojel 

system wl 11 be done gradually, starting with 
traffic simulation on urban networks and the 
macroscopic simulation of traffic on free
ways. The next step w I I I be Imp I ementing 
traffic simulation on the above facilities 
plus two-lane, two- way rural roads. 
Finally, the entire lRAF system will be 
implemented-- including the macroscopic free
way simulation. 

"The Integration of the various component 
models Into the TRAF system is essentially an 
enhancement operation; no new model Is being 
created. But in addition to the integration 
process, each of the component 110del s is 
being reprogranmed, which is an enhancement, 
and its conceptual design is being improved. 
The NETS IM I og I c, for examp I e, has not on I y 
been refined but It has also been substan-
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tial ly extended to simulate 110re complex 
traffic situations." 

ITDS: Integrated Tr11fflc Data System 

The Integrated Traff I c Data System ( ITDS) is 
a "stand-a I one" ml crocomputer system composed 
of hardware and software elements which 
jointly perform the fol lowing functions: 

1 • Prov I de for a can tr a I I zed mi crocomp uter 
data base to s--ore traffic data in a 
predetermined format and organization; 
and, 

2. utilizes this da"l'a base to generate input 
data sets for various traffl c si mu lat ion 
models and slgrial timing optimization 
programs. 
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The software elements of ITDS sha 11 consist 
of the fol I ow Ing: 

1. Data Base (DB) - t 11 e required to store 
data in memory or on any mass storage 
device (tape, disk, etc.). 

2. Data Base Management System (DBMS) 
software req u I red to prov I de the system 
with necessary "intelligence" to 
identity, store, retrieve, modify, and 
process the data stored in the DB. 

3. Interface Programs - software required to 
perform the fol lowing functions: 

a. Preprocessor - reformats the data re
tr ieved from the DB into a format 
compatible with the input require
ments of each tr aft i c model and gen
erates the required Input data sets 
to run any of the models (simulation 
and optimization). 

b. Post-processor - stores and reformats 
the portions of the optimization pro
grams output that report the results 
of the calculations of signal timing 

TRAFFIC 
DATA 

PRINTER 

and phasing, and saturation t lows. 
As envisioned, the specified portions 
of the opt I mi zat ion programs I output 
w i 11 be stored in a des I gnated t I I e 
tor future use as input to other 
models. It wil I be up to the user to 
dee Ide whether these output portions 
w 11 I be permanent I y saved and stored 
In the DB. 

4. Communications Interface - software re
quired to transmit the generated input 
data sets to, and retr I eve the output 
from, a host computer where the models 
w 111 run. 

I TDS sha I I have the capab I I I ty of be Ing con
nected to a ma in frame computer. Th Is re
quirement is based on the tact that current 
traffic models were designed to run In main 
frame computers. Conceptually, ITDS wil I be 
used to generate input data sets, transml t 
them to a host computer tor process Ing, and 
retrieve and reformat (In the case of optimi
zation programs exclusively) the results. A 
d lagram of the ITDS concept Is presented in 
Figure 148. 

SIMULATION 
PROGRAMS 

NETSIM 
TRAFLO 
INTRAS 
LINKOD 

OUTPUT DATA 
MAINFRAME 

INPUT DATA 

Figure 148. Integrated Traffic Data System Concept 
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The process of generating the Input data sets 
w 11 I be "menu" driven where the user w 11 I 
answer questions or ti 11 In blanks Interac
tively and on-I lne assl stance to the user 
wl 11 be provided. The system wi 11 alert the 
user of any data elements that are required 
as Input to any model and not stored In the 
data base. 

ITDS wll I operate on 8-blt microcomputers 
utl I lzlng single and multiple user operating 
systems. <xie important feature of the system 
Is that control of changes In the data el e
ments stored In the data base w 11 I be pro
v I ded. In other words, only designated 
users, by means of some special access code, 
could modify, store, and/or delete data ele
ments from the data base. Th Is is h I gh I y 
desirable and provides adequate management 
of the system, especially when several people 
use the system simultaneously or in 
para I I el. 

PRFRE 
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University of Cal lfornla Models 

Two of the models dE•scrlbed In this Handbook 
are freeway operati,)ns models developed by 
The Institute for Transportation Studies 
(ITS), University of California at Berkeley. 
Dr. Adolph D. May :ind his associates have 
been extremely actlvo In the field of traffic 
operations simulation and optimization 
model Ing. The PRI FRE and FREQ3CP models are 
two of the rrost wldel y used freeway 
operations models Ir, the areas of priority 
lanes for high cccupancy vehicles and 
entrance ramp control (ramp mater Ing)• 
respective) y. 

The ITS has also modified the TRANSYT 6 model 
(Ref. 14.8) to Inc ude estimates of fuel 
consumpt Ion and veh I c: I e exhaust emf ssl ons as 
wel I as demand responses In terms of spatial 
and modal shifts. This version Is TRANSYT 6C 
(Ref. 14.9) which Is available from ITS. 

FREQ3D 
r:;- -- - --:, 

FREQ 3 .... c _______ J ..... RT!T2J 

l!R~NSYT~ CORQIC 

ITRANSYT68 

lfrR~1NSYT6C II s1MT0Ljl 

Figure 149. A System of Traffic Operations Optimization 
and Evaluation Models 
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The complete faml ly of 1ratfl c operations 
models developed by the ITS is shown In Fig
ure 149. The most current models in the 
freeway ser les are FREQ6PL (Ref. 14.10) and 
FREQ6PE (Ref. 14.11) which have advanced 
PRIFRE and FREQ3CP, respectively, to include 
more extensive fuel and emissions estimates 
and demand responses. Of particular Impor
tance are the rrore deta 11 ed ana I yses of 
effects on alternative arterial routes. 

At the present time, the ITS Is not further 
pursuing the arter lal network area, but they 
are actively developing further enchancements 
to the freeway models, particularly with res
pect to FREQ6PE. Further research Is pre
sent I y concen1rated on development of an 
updated model cal led FREQ7PE. 

This research Involves a ref I nement of the 
fuel consumption and exhaust emissions as 
wel I as the flexibi I ity of the program, which 
w i I I be ab I e to accept user-supp 11 ed pre
d lctions. Some features include user
supplied maximum queue length on on-ramps 
and user-supp I I ed meter Ing rates and tem
pora I shifts. This model overcomes the 
I imitations previously discussed for the 
FREQ3CP model. 

AN': All Arterlal Analysts Package for Slgnal 
Timing Design and Evaluation 

The Arterial Analysis Package (MP) (Ref. 
14.12) is based on existing signal design and 
analysis programs, most of which are des
cribed in previous chapters. TRANSYT 6C 
optimizes sl gnal· offsets and shifts for a 
given cycle length by minimizing the per
formance index Ca I inear combination of stops 
and delays). SOAP special lzes in individual 
I ntersectlons, deter min Ing opt I mum s I gnal 
timing (cycle length, spl Its, and phase 
sequence) and dial assignments for multiple 
time per lods, a 11 under either pretimed or 
actuated con1rol cond It Ions. PASSER 11 
determines cycle lengths, phase sequences, 
offsets and spl Its so that the bandwidth 
along an arterial is maximized. 

In their original forms, these programs each 
have unique input and output formats. This 
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comp I icated the preparation of inputs so a 
common data base for al I component programs 
was developed to facl I ltate the use of these 
programs as an integrated system. 

The A/JP wil I provide 1rafflc engineers with a 
set of easl ly usable analysis programs. The 
need to be faml I lar with a separate input 
format for each of the programs wl 11 be 
el lminated. It wll I also enable the analyst 
with limited computer experience to access 
and use the programs. However, It w I I I re
q ul re significant arrounts of programmer and 
systems analyst time to bring up on the IBM 
computer systems. 

0th.- Signal Progression Models 

Mixed-integer I inear prgrallllling has been used 
by Dr. J. D. C. Little and his associates In 
two opt I mi zatlon model appl I cations. The 
EXPRESS model (Ref. 14.13) is a maximal band
width optimization model for arterial pro
gression design and MITROP (Ref.14.14) is a 
signal optimization model that minimizes 
delay in a network. The neximal bandwidth 
model using the mixed integer I lnear program
ming approach Is presently being enhanced by 
Little, under a contract from the Federal 
Highway Administration. The resulting model 
wil I be known as MAXBAND (Ref. 14.15). 

TECHNOLOGICAL ADVANCES 

Computer -model Ing of traffic operations Is 
supported by several areas of technology. 

The ut 111 ty of computer models to the 1raffl c 
engineer may be expected to Improve, there
fore, as technology advances. The three ma in 
areas for Improvement are: 

N• Theories of Traffic Con1rol 

The deve I opment of theor I es for descr lb Ing 
and optimizing the con1rol of 1rafflc appears 
to be In a fairly mature stage. Federally 
funded act I vi ties In thl s area have demln
ished somewhat In the past few years as the 



emphasis has shifted more to refinement and 
maintenance of existing models. Some work is 
progressing on the application of optimal 
control theory to oversaturated signal sys
tems, which may eventua I I y ti nd its way in to 
operational rrodets. Minimization of energy 
consumption due to stops and delay at traffic 
signals may be expected to generate further 
theoretical development as energy problems 
intensify (as discussed earlier). Energy 
consumption in highway I ighting systems has 
also attracted some Interest. A I inear pro
gramming model has been developed to examine 
traffic volumes throughout an i I lumlnated 
network and to maximize the exposure of traf
f I c to highway I ighting under energy con
straints (Ref. 14.16). 

Another theoret i ca I deve I opment of inter est 
to the traffic engineer is the optimization 
of traffic signal progression based on the 
concept of "Forward Progression Opportuni
ties" (Ref. 14.17). 

A forward progression opportunity is simply 
the opportun I ty presented to the motor I st to 
travel forward on one link of an arterial 
system without being stopped by a signal. 
Th Is concept expands upon the maxi ma I band
width approach by considering the progression 
opportunities which present themselves within 
the route, but do not necessar i I y extend 
thr'oughout the f u I I I ength of the route. 

When system optimization is based on maximiz
ing forward progression opportunities, rather 
than simply maximizing bandwidth, improve
ments In progression qua! lty and other traf
f lc operations measures can be real iz~d. The 
TRANSYT-6C model has been modified for this 
purpose. Comparisons have indicated that 
worthwhl le Improvements can be real !zed in a 
var lety of sl tuatlons. The model is present-
1 y being Incorporated into TRANSYT-7F. 

Hardware Advancements 

The advances in computer techno I ogy of the 
past few years have greatly reduced the con-
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strain ts of memory storage and execut Ion ti me 
which I imlted the capabl Ii ty of previous 
generations of traffic operations 11Ddel s. 
This trend may be expected to continue. A 
more significant trend from the perspective 
of the user, how,3ver, is the increasl ng 
availability of intelligent terminals and 
self contained desk-top microprocessor 
systems. While thHse devices cannot replace 
a large scale computer In the execution of 
any of the models d•3scribed in this Handbook, 
they offer va I uabl e assistance in the 
preparation of input data and In the 
presentation of Interactive video graphics 
displays. A series of color graphics display 
is currently under development for both the 
NETS IM and FREQ6PE models under USDOT 
support. The /lrterial Analysis Package 
described ear I i er in this chapter a I so 
features some restricted capabl titles for 
producing graphics di splays of time-space 
di a grams show Ing the qua I I ty of progress! on 
in an arterial signal system. 

A I ready, sever a I sea I ed dcwn versions of 
several of the models described in this Hand
book are operational In self-contained 16/32 
bit microprocessor systems, namely SOAP and 
maximal bandwidth analyses (with partial 
progress! on opportunities). Furthermore, 
other programs inc I ude arter i a I 11Dvement 
analysis, accident reconstruction, etc. 
F lnat ly, several functions of the SOAP 
program are also available for use on 
desk-top programable calculators. 

Software Advances 

The most significant advances in the software 
area Ii es in the management techn l ques for 
software development which have recently 
become very popu tar. The concept of "Struc
tured Progranvnlng" offers two important 
advantages over the rrore conventional tech
niques. 

1. It prov! des for 11Pre effective involve
ment of the traffl c engineer in the 
development of analysis programs, by 
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