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FOREWORD

The use of computer models for analyzing *traffic operational problems and
evaluating proposed improvements is one of the newest areas of the field of
traffic engineering. Consequentliy, 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 of computer Models for Traffic Operations Analysis has been
prepared to inform the practicing traffic engineer of the computer models which
are available for 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 Wwhich would be most beneficial
considering the capability of available personnel and equipment.

To further assist the potential! user, a Technica! 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 library
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,

ggrg.f&;&&

. . Betsold
Director, Office of Implementation
Federa! Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in +the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the Office of Implementation of
the Federal Highway Administration, which is responsible for the facts and
accuracy of the data presented herein., The contents do not necesarily reflect
the official policy of the Department of Transportation.

This report does not constitute a standard, specification or regulation.
The United State Governmenf 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 Administration
that practicing traffic engineers are not
taking advantage of the research and experi-
ence 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 fraffic engineers associate
with the use of computer models.

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

1. Unfamiliarity with existing models and
their applications,

2. Negative attitude resulting from a belief
that computer models will not give prac=-
tical results,

3. Belief that. use of models requires exper=-
tise in traffic flow and mathematical
theory beyond their knowledge and experi-
ence,

4, Difficulty in obtaining the software pro-
gram and model documentation,

5. Ltack of computer hardware to run the

models, and/or

6. "Fear" of computers,

PURPOSE OF HANDBOOK

This Handbook has been prepared to inform
practicing +traffic engineers of available
computer models which can be used to solve
many transportation management problems,
This information Is intended to familiarize
traffic engineers with the models which have
proven to give practical results, that are
within their capability to use and are read-

Figure 1.

Engineer's Dilemm

ily available to their organization through
the Federal Highway Administration.

The Handbook is intended to familiarize the
practicing engineer with computer modeling
concepts and considerations in selecting
models for their use, The Handbook describes
a number of specific models that can assist
the engineer in solving a wide range of traf-
fic and fransportation management problems.
The models described were selected on the
basis of past acceptance by practicing traf=-

fic engineers; their theoretical vatidity;
practical! results; as well as their avail-
ability, documentation and mintenance by

public agencies, While these models gener-
ally represent the current state-of-the-art,
there are many other worthwhile modeis in use
or being developed which can serve similar
purposes.,

BACKGROUND

The use of computer traffic models is one of
the newest areas in the field of fraffic en-
gineering. In spite of its brief history,
there have been significant developments in
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the use of computer models as analytical
tools for evaluating various traffic engi-
neering projects (Ref. 1.1). Unfortunately,
most of the published documentation has been
limited fo 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
ot models to evaluate potential area-wide
improvements in a few large metropolitan
areas have been published but with Ilittle
detail on the models used. When reviewed by
the practicing engineer it is easy to get the
impression that only an army of experts can
apply the models to solve probliems,

Traditionally there has been a lag between
the theoretical development of fraffic models
and their applications in the fields This
lag is due primarily to the need for the
"developer" or theorist to look at "“why"
things happen, while the traffic engineer Iis
concerned more with "what" happens. Thus, a
review of l|iterature related to computerized
traffic models reveals that the available in-
formation is heavily oriented toward basic
relationships of fraffic flow theory and is
written in mathematical terminology which is
often confusing to the average reader. Nor-
mally, 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 probliem,

In the past, practicing tfraffic engineers
utilized modeling 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 scale models, but more
frequently were graphic models, such as the
time-space diagram. Iin more recent years,
the traffic engineer has used both analog and
symbol ic 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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Figure 2. Early Models

Within the last ten years the traffic engi-
neer has found that these traditional tech-
niques cannot provide the insight needed to
evaluate the complex problems faced on
streets and highways today. No longer can it
be said "we need a new highway." Today it is
expected, and rightfully so, that all of the
techniques available 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 complex solutions such as
a centralized traffic conirol system, ramp
metering, priority lanes and priority itreat-
ments for high-occupancy vehicles,

Current techniques wused by the practicing
traffic engineer can be applied to each of
the above coniro!l strategies to provide some
insight Iinto the advantage of their use.
However, increasing traffic demand and its
accompany ing problems are spreading rapidly
throughout most urban areas and are no longer
restricted to isolated intersections, arter-
lals and/or the central business districts.
Instead the ftraffic engineer Is faced with



traffic probiems on complex street and free-
way neilworks and does not have the funds for
evaluating alternative traffic control poli-
cies which could be implemented to solve the
problem with fraditional techniques, This
situation is aggravated by the fact that pro-
posals for local fraffic engineering improve-
ments are often subject to funding approvai
at the state and federal levels. 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 ftraffic
computer modeling provide the practicing
traffic engineer with the opportunity of
evaluating alternative fraffic 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 incremental 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 familiar with the use and

benefits of computer traffic models to a
sufficient degree that both the potential
benefits, and the confidence in using the

techniques for solving day-to-day probiems,
can be both realized and appreciated. [T was
with this in mind that the Federal Highway

Administration initiated a project to develop

Figure 3. Computer Control System

INTRODUCTION

the Handbook on Computer Models for Traffic
Operations Analysis.

ORGANIZATION OF HANDBOOK

The next chapter of this Handbook includes a
discussion on computer modeling concepts and
its use in solving problems. This chapter
also describes the various types of computer
models based upon model ing techniques and use
of a simple example to illustrate the con-
cepts discussed.

The chapter following the one on concepts
describes criteria which could be useful in
evaluating specific models and the basis for
the selection of models included 'in this
Handbook,

A chapter is then devoted to each of the ten
(10) models selected for inclusion in the
Handbook. Each chapter provided describes
model input requirements, Internal opera-
tional procedures, significant computational
algorithms, output reports and other features
and considerations in the use of the models,.
An example application of each mode! is also
included.

The final chapter describes some of the
models presently under development and their
potential use as well 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 mode! is simply a representation of a real
world object or process. Physical models are
used to represent objects, structures, etc.
Mathematical models ae used to represent
established relationships which evolve from
some process, such as the interaction between
speed, flow, and density in a traffic stream.
Computer models are, of course, mathematical
rather than physical in nature, The use of a
mathematical model does not necessarily
require a computer; however, models that
describe complex relationships o multiple
operations are usually easier to incorporatfe
into a computer oprogram than ‘o operate
manual ly.

APPROACHES TO PROBLEM SOLVING

There are two general approaches to numer ical
problems in engineering. The first is the
exper imental, or empirical approach, in which
answers to engineering questions ae sought
by actual measurement, rather than catcula-
tion. For example, the traffic carrying
capacity of a roadway has been addressed
exper imentally tfo determine the effect of
such factors as roadway width, parking, efc,
The results have been incorporated in the
"Highway Capacity Manual" (Ref. 2.1). Many
engineer ing problems  can be addressed
exper imentally., The main advantage of the
exper imental 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 fo a given probtem,

The modeling approach, on the other hand,
makes use of available information on the
process being studied to generate additionatl
information, generally in the form of spe-
cific answers to specific questions. The

How Does |t Work?

Figure 4.

model ing approach, applied to problems of
sufficient complexity to warrant the use of a
computer program, is the subject of this
Handbook,

Compared to the direct measurement approach,
computer modeling of fers some important bene-
fits in certain a@eas, especially when ap-
plied to complex problems which do not lend
themselves to simple exper imental solutions,

Specific advantages include:
1. Cost: since it is wusually possible to

model a complex situation (such as a moon
landing) at much lower expense,

2. Safety: since computer specialists ae
seidom injured in the course of their
duties,

3. Speed: since mny processes (such as

weather pattferns) can be simulated at many
times their actual speed,

4, Scope: since it is possible using com
puter modeling To examine hypothetical

probiems (such as a proposed freeway) or
to extend the parameters of a real problem
beyond the range of practical experimen-
tation (e.g., future traffic volumes).
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5. Controllability: Since it is usually
easier to constrain the parameters of a
mode! so that the effects of each param-
eter may be independently control led.

All of these advantages are of some Interest
to the fraffic engineer who is concerned with
systems that ae costly to Install, which
exper ience safety problems, and which require
data analysis over long time periods, often
under hypothetical conditions. These systems
also involve complex relationships between
variables which defy both analytical methods
and field measurements, I+ 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, shortcomings assocliated
with the modeling approach, which have
limited 1ts popularity with traffic engi-
neers.

Such specific problems include:

1e Credibility of results: Since the answers
obtained through simulation do not evolve
from a rea! world process, but rather
through a ficticious approximation of that
process.

2. Personnel requirements: Since the use of
computer ized techniques often assume the
need for specialists with a general knowl-
edge of modeling techniques 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 modeling
activities have been avoided by many local
traffic engineer ing agencies and have been
carried out instead by consultants, univer-
sitles, and larger governmental agencies.
One of the purposes of this Handbook, and the
col tection of models it represents, is o
facilitate the analysis of local traffic

operation problems by local practicing traf-~
fic engineers,

COMPUTER MODEL APPL ICAT IONS

Since modeling involves the representation of
a real-world process, it naturally follows
that its application 1is predicated on a
thorough knowledge of the rules which govern
the process. Modeling a process which is not
clearly understood to begin with is likely to
be a waste of time, This is the first rule
which governs when and where fo apply com
puter models,

A second rule suggests that the use of com
puter models should be subordinate to the use
of noncomputer ized analytical or exper imental
techniques. In other words, it should be
clearly established that the process does not
lend itself 1o simple analytical methods, It
should also be established that, under cer-~
tain circumstances, modeling is preferable to
an exper imental approach,.

A third rule is also proposed for special
cases where decisions may be extremely criti-
cale This would generally apply to large
projects where mistakes could be costly in
the financial sense, or in terms of the
potential for catastrophic system failure.
In such cases, simulation techniques may
prove to be valuable as a supplement to the
more conventional methodology, tfo give an
added degree of confidence to the decision
making process.

Some general areas where modeling has been
used extensively include:

1. Air and space craft operations, where
hypothetical designs and operational situ~
ations can be tested in a safer and more
economical manner.,

2. Power distribution networks where possible
modifications to an existing system can be
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examined
operation.

without disturbing the actual

3. Telephone communication systems where dif=-
ferent configuration parameters, message
control strategies, etc,, can be Investi~
gated under variable loading conditions.

4, Terminal operation where the handling of
passengers and freight can be modeled, to
seek more efficlient and economical meth-
ods.

5. Transportation planning, In which simu-
lated trips can be assigned to a transpor-
tation network according to a specified
algorithm, to determine the need for, and
optimal location of, future fransportation
faclilities.

6. Highway safety, where the characteristics
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 collision,

Figure 5. Sample output from the "Smack" pro=-
gram showing a simulated crash be~-
tween two vehicles.

This Handbook focuses on one particular ap-
plication of computer modeling; specifically
the control of street and highway traffic.
This topic is of special interest to the
traffic engineer, who holds primary responsi-
bility for the design and operation of trat-
fic control systems. The flow of traffic is
a process which is especially well suited tfo
model ing. Past research has produced several
wel | established rules which govern this pro-
cess, however, many of the rules involve com
plex relationships which are easily described
but ae not amenable to simple analytical
treatment,

Furthermore, the need to accommodate several
Independent traffic movements simultaneously
complicates the experimental approaches
considerably, and strengthens the potential
for computer modeling as a probiem solving
tool .

Computer programs have been developed to deal
with several aspects of fraffic control. The
programs described in this Handbook fall gen-
erally Into three categories:

1. Intersection operations; Including
o queueing and delay,
o gap acceptance (stop sign,
etc.),
o signal timing parameters, and
o effect of geometrics,

left turns

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

3. Freeway corridor operations;
freeway traffic flow,
assignment of demand,
ramp merging,

ef fect of geometrics,
bus priority,

ramp meter ing, and
restricted lanes,

including,

0O 00 00CO0OO0

These programs provide an evaluation of a
specified physical or operational configura-
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tion under chosen operating parameters in
terms of certain figures of merit (delay,
speeds, fuel consumption, eftc.). In some cas-
es, graphical outputs are produced to illus=-

TIME

MILES
STOPS
SPEED

16:30

Figure 6, Sample frame from a movie produced
by the "NETSIM " program,

trate time wvariations, or relationships
between variables. In other cases, specific
design recommendations are derived. In one

case (see Figure 6) a motion picture was pro-
duced showing the movement of each simulated
vehicle in the system as a function of time,

MODEL TYPES

The models represented in this Handbook may
be categorized according to several criteria
which specify the modeling technique. Most
of the computer programs presented in the
following chapters make wuse of several
different modeling techniques and can be con-
sidered as a family of models incorporated
into one package. Some criteria for categor-

izing models are described as fol lows:

Computation vs Simulation Models

Computational models involve the application
of mathematical equations, to calculate solu-
tions directiy. These equations may repre-
sent fundamental mathematical +ruths, they
may be derived from basic principles (e.g.,
trigonometric functions) or they may simply
refiect an established relationship 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 model. In this case, the
results of the field measurements were
Incorporated into a model in the form of the
“Highway Capacity Manual", While this

methodology has been computer ized (Ref. 2.1),
most capacity calculations ae performed
manual ly today,.

A simulation model, on the other hand, is a
mathematical representation of the sequence
of events which comprise a process. In the
application of a simulation model the se-
quence of events is repeated several times to
study the outcome. Because of the ability of
digital computers to perform repeated calcu-
lations at incredible speed, simulation
models are usually Incorporated into computer
programs,

As a simple example, suppose you wanted to
determine the probability that out of a group
of, say, thirty people, there would be at
least two people whose birthdays fell on the
same day of the year. You <cauld approach
this probtem analytically as an exercise In
probability, The resulting equations would
be more complicated than meny people would
prefer; however, an answer could be deter-
mined without the help of a computer. You
could also take an experimental approach by
making a frequent nuisance of yourself at
public gatherings. With sufficient patience
on everyone's part, a solution could be
obtained.

Simulation could also be used quite effec-
tively in this problem, Using a computer



program, you could assign birthdays randomly
to thirty ficticious people (represented by
computer memory locations) and then check to
see If the same date had been assigned to
more than one "person," This process could
be repeated a few thousand times in just a
few seconds of computer time Yo produce a
believable answer,

The credibility of the answer lies in the
fact that the rules of the operation are well
established, In this case, It is assumed
that the birthdays are indeed randomly dis-
tributed. Perhaps they're not, Suppose the
group were attending a convention for Capri-
corns, or maybe a meeting of the Twin's Club.
The point is that simulation of a process
requires a thorough famitiarity with all of
the relationships between the variables which
effect the process.

Empirical vs Analytical Models
The Highway Capacity Manua! is an example of

an empirical model. In this case, the basic
relationships within the model were arrived

at experimentally +through extensive field
studies. Note that an empirical model is not
the same as the "empirical approach" des-~
cribed earliier, The empirical model makes

use of results obtained previously using the
emper ical approach. In some models 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 Polsson distri-

bution. This is an analytical equation in
the form,
Px)= _e Mm* (2.1)
x1

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

the average number of arrivals
during the same period.

m
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This relationship is particularly useful in
models which must simulate a process in which
the number of arrivals fluctuate., For exam-
ple, 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 model, the ficticious se-
quence of events has a completely predictable
outcome, For example, a bus passing through
a tol!| plaza may be required to pay a speci-
fied fee and to use a specified lane which
guarantees precedence over automobile traffic
upon entering the facility, The set of rules
that govern the passage of a bus through the
toll plaza under these circumstances would
therefore be described as a deterministic
model, Deterministic modeils, by themselves,
do not usually constitute the entire process
being simulated, since they offer I|ittie
potential for problem solving under repeated
application. They are therefore more common-
ly incorporated as sub-models within the
overal |l program structure.

In a stochastic model, the outcome of a gliven
sequence of events Is not completely predict-
able, but depends on something that happens
during the course of the process. In the
toll plaza example, vehicles may pay a vari-
able fee, depending on their number of axles,
and they may be assigned to different lanes
depending on whether the driver has the cor-
rect change available, They may experience
further delay by missing the coin basket or
by bhaving to yield right of way to other
traffic (buses for example), before entering
the facility, The passage of wvehicles
through a tol! 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-
bility of occurrence.

The credibility of the results generated by
the model just described would depend heavily
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on the assignment of realistic probabilities
to the number of axles, and the success with
the coin basket. Realistic values would also
be required for the delay 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 into the simulation
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 toll 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 limits (say 1 to 100). For
examplte, if one thousand random numbers
between one and one hundred were drawn in

sequence, each number should occur approxi-
mately ten times, but in no particular order.,
Thus, if it could be established based on
historical information that two thirds of the
motor ists have the correct change, an indi-
vidual motor ist coul!d be assumed to have the
correct change if his assigned random number
fell 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.

Microscopic vs Macroscopic Models

A process such as the flow of thraffic 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

whole would be examined. The previous exam—
ple of a single wvehicle passing through a
toll plaza would be considéred as a micro~
scopic model. On the other hand, the opera-
tion of the facility served by the toll plaza
is more |likely to be treated macroscopically,
in terms of average speed, flow rate, density

etc. In general, microscopic models tend to
be more accurate in their description of the
process being simulated, but they usually re~
quire considerably more input data and com-
puter time for execution. They also tend to
be more demanding in tferms of the level of
detail required in their assumptions and
approximations, and this could lead to pro=-
blems of credibility in the results if they
are not properly designed.

Event Scan vs Time Scan Models

A further distinction can be mde between
models in which the process being analyzed is
updated at constant time intervals (e.g., one
second) or upon each event which occurs. Time
scan models are, in general, easier to devel-
op because the time factor is advanced by a
constant increment each time the process is
examineds Event scan models, 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 toll 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 main purposes of computer modeling
are,
1. Determination of the values of specific
design parameters which will optimize
the operation (e.g., cycle, splits, se-
quence and offsets at a fraffic signal
or a signal network),

2, Evaluation of the operation as a "sys-
tem" with specified design parameters in

terms of measures of effectiveness.
(e.g., delay, stops, fuel consumption,
efc.)

Simutation 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 simuiation, it
Is necessary to apply the model repetitively
using different design parameters. The set
of design parameters that ylelds the best re~
sults should be chosen as the optimal solu-
tion. Simulation is therefore best suited to
the comparision of a small number of widely
differing strategies. Examples of simulation
models which do not optimize by themselves
are NETSIM (described in Chapter 11), TEXAS
(described in Chapter 5), and PRIFRE (des~
cribed in Chapter 12).

Optimization models seek the best solution
automatically. They may or may not provide
the required degree of evaluation although
they often contain realistic simulation mo-

dels, such as TRANSYT-7F and SIGOP |Il (des-
cribed in Chapters 9 and 10).
The following op‘l’imlzaﬂon techniques are

commonly used in computer modeling of traffic
operations:

Analytical techniques involve an equation, or
set of equations, which are solved to yleld
the answer directly. An example of an analy-
tical optimization 1is found in Webster's
method (Ref. 2.4) for determining the "ideal"®
cycle length of an isolated signatized inter-
section according to the equation:

C°= 1é5 L+ 5
|=Y

(2.2)

where C, = the optimal cycle for mini-
mum delay,

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

Y = the proportion of the total

green time required to accom-
modate all of the traffic.

This relationship was originally developed by
a combination of analytical, experimental and

n
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simulation techniques and is used extensively
in modeling of fraffic signal operations. It
is used, for example, by the Signal Opera-
tions Analysis Package (SOAP) described in
Chapter 4 of this Handbook. Notice that Web-
ster's optim| cycle length equation does not
evaluate the delay. It simply indicates the
cycle length at which minimum delay will sup-
posedly be experienced., In fact, however,
most simulation models would suggest a dif-
ferent cycle length,

Exhaustive search techniques require that al!

of the possible outcomes of a process be
evaluated to determine the desired outcome,
This Is also known as the "brute force" tech-
nique since it is conceptually simple but
requires considerable computer time. An
example of an exhaustive search may be found
in the pattern selection optimizations of the
PASSER 11 and PASSER |1l programs discussed
in Chapters 6 and 7, respectively, These
programs choose the best phasing patterns for
each of the signals in a system by examining
all of the permissible alternatives and
choosing the alternative which provides the
best performance,

Hill climbing techniques also involve a

search for the optimal value. |In this case,
however, the search is not exhaustive for the
parameter(s) being optimized. A methodical
evaluation of successive input values is per-
formed until the general area of the optimal
result Is located, An intensive search Iis
then conducted in this area until the optimel
result is determined to the required degree
of precision, The TRANSYT-7F and SIGOP 111l
models described In Chapters 9 and 10 use
this fechnique to optimize several operating
parameters for a traffic signal neiwork,

|terative approximation methods are used in

some problems which cannot be solved analyti-
cally because the solution contains one of
the variables upon which it is based. In
this case, a solution Is assumed and then
calculated using a given value of the vari-
able. Corrections are made and the process
is repeated until the assumed and calculated
value of the solution fall within an accept-
able tolerance. This technique is used in
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the Signal Operation Analysis Package to
determine the cycle length required fto accom-
modate a minimum green time requirement which
exceeds the green time required by the fraf-
fic volume on a particular approach. Both
the hill 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
linear programming, integer programming or
dynamic programming are used to optimize, in
a formal way, the allocation of resources,
such as metering rates on an entrance ramp.
In this case, an objective function, such as
total volume accommodated by all of the en-
trance ramps, is maximized subject to con-
straints such as freeway bottleneck capaci-
ties, etcs The FREQ3CP model described in
Chapter 13 uses a linear programming model
for this purpose,

STEPS IN COMPUTER MODEL ING

Generally speaking, the solution of an engi-
neer ing problem by computer modeling will
proceed as follows:

1. ldentify and describe the probliem to be

solved.
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. Establish the suitability of computer

modeling to the investigation of the prob-
lem, i.e., could the problem be solved
better by experimental techniques or
manual analysis.

4, ldentify the specific measures of effec-
tiveness by which alternative solutions
will be evaluated,

5. Develop the model. |f models have already
been developed, this step will simply in-
volve the choice of the most appropriate
model .

6. Validate the model (if developing a new
modet) or calibrate the model (if an
existing model is chosen) to ensure credi-
bitity of results,

7« Apply the model repetitively under the
desired range of operating parameters to
generate the desired result, This s
referred to as "fine tuning" the model.

8. Interpret the results and formulate con-
clusions and recommendations.

A simple example should be helpful in illus=-
trating the concepts presented in this chap-
ter. Suppose that a left turn movement takes
place at a traffic signal on a protected in-
terval (and no other interval). Further, sup-
pose that the signal operates on a 60 second
cycle with 13 seconds per cycle of green time
allowed 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
will arrive at the intersection. The actual
number of arrivals will vary, naturally, from
cycle to cycle, and it can be assumed that
the arrival pattern conforms to the Poisson
distribution discussed previously.

Let's assume one is interested
the fol lowing questions:

in answer ing

e On what proportion of the cycles will all
of the ariving 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 cycles?

The problem is simple enough to approach by
manual analysis or experimentally. It can,



however, eliminate the experimental treatment
because of the hypothetical nature of the
location.

The Simulation Model

In developing a simulation model, one must
first decide whether to treat the process
microscopical ly or macroscopically. A micro-
scopic treatment would determine (based on
the average headway of 20 seconds) the arri-
val and departure time of each vehicle,
whereas a macroscopic treatment would deter-
mine (based on an average arrival 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 impiement,
For this example the macroscopic 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 arrival rate of three
vehicles per cycle.
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results of

2. Add these new arivals to any
queue from the previous cycle, This will
determine, for the <current cycle, the

storage requirement of the left turn bay.

residual

3., Reduce the queue by four vehicles
number of left turns accommodated

phase).

(the
per

If no vehiclies remain in the queue,
this cycle as a "satisfied" cycle, Other-
wise, keep track of the residual queue to
be Incremented during the next cycle,

treat

5. Calculate the total wvehicular delay for
the cycle by multiplying the average num-
ber of vehicles in the queue by the cycle
length,

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

The results of a simple computer program
deveioped 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-
proximately one hour to develop and required
about three seconds of computer time to exe-
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cute. The following values are summarized in
the computer output shown in Figure 7:

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

2. Random No. - The number chosen by the ran-

dom number generator for determining the

number of arrivals on the cycle (in this

case numbers between zero and one).

34 Arrivals - The number of arrivals deter-

mined by the application of the random

number to the Poisson distribution,

Max imum 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 10+),
5. Satisfied Cycles -~ The cumulative number
of cycles in which the entire left turn
demand (residual queue and new arrivals)
was accommodated.

6. Total Vehicles = The cumulative number of
left turning vehicles processed by the
systems Note that a total of 8901 vehi-
cles were processed during the 3000 cy-
clese This amounts to an average of 2,967
vehicles per cycle which falls within
approximately 1% of the specified nominal
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-
istaction rate of 69%.

2. Average delay.
Figure 7 shows that the 8901 vehicles pro-

cessed incurred a total delay of 5902
vehicle-minutes. This amounts to approxi-
mately 40 seconds per vehicle,
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3., Maximum storage requirements,

To accommodate the maximum queue on 95% of
the cycles, we can tolerate overflow on
only 5% of the 3000 cycles, or a total of
150 cycless Figure 7 indicates that the
maximum queue exceeds seven vehicles on
145 cycless However, a six vehicle queue
would be exceeded on 228 cycles, which
would violate the maximum failure rate,
Therefore, storage for seven wvehicles
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 probability

that four or fewer vehicles will arrive on
any cycle to estimate the proportion of
cycles which will accommodate all left
turns,
Probability of
Zero Arrivals ;330
P(0) = = ,050
0!
-3 1
One Arrival el
P(1) = = 2149
1!
-3.2
Two Arrivals e3
P(2) = = ,224
2!
Three Arrivals ;333
P(3) = 0= ,224
31
Four Arrivals ;334
P(4) =—4'—= . 168

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

So, by the analytical solution, the number of
arrivals will not exceed the capaclity on
81.5% of the cycles. The corresponding value
computed by the simulation program was only
69%f. 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 following cycles on which all
arrivals were not accommodateds A substan=-
tially more complicated analytical model
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.

c(1 )\)2 X2
d=. + 2.3
2(1=Ax)  2q(I=x) ¢ )
where C = cycle length = 60 seconds
q = volume = 0.05 vehicles per
second
A = green time - lost time
cycle
13-3
- 6_0-— 0167

X = Degree of Saturation = v (2.4)
where s = saturation = L =
245
«4 vehicles per sec.
therefore x = —)\i = jG'To;_.T = 749
from which the calculated delay is 41,68

seconds per vehicle or,

«695 minutes per vehicle
X 8901 vehicles processed
6,186 vehicles-minutes of delay,

This vatue 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,
pler, would probably be preferable
case.

being substantially sim-
in this

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 most fraffic engineers,
therefore, no analytical solution will be
proposed for this example.

This chapter has served as an introduction fo
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 model may be the
most practical method of developing and eval=-
uvating solutions to a *traffic management
problem one is faced with the decision of
what model, or models, to use. Review of
available literature would indicate a myriad
of models which have been developed or used
in the past, Unless one has maintained a
reference file, considerable time and effort

will be required just to Identify available
models, Even if a list is available, addi-
tional time and effort will be required to
obtain model descriptions, and user documen-
tation to evaluate and select appropriate
models,

As part of the development of this Handbook
an extensive literature research and review
was conducted in order to identify existing
models and to prepare a synopsis of each from
available documentation. The result of this
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-
bilities and requirements, as well as the
potential merits and shortcomings of the
traffic analysis models, Based upon this
evaluation ten (10) models were selected for
inclusion in this Handbook,

The following portions of this Handbook de-
scribe the general criteria utilized to eval-
uate the models. A brief discussion of typi-
cal traffic menagement problems by location
type and a |listing of models which were
reviewed as possible candidates for use are
provided as well as the basis of selecting
the models for 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. All 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 familiarity of the user
with a model,  As a result models are often
used which may not represent the state-of-~
the-art, resulting in an invalld representa-
tion of ftraffic flow and selection of im-
provements which later prove costly or in-
ef fective,

The following section suggests criteria which
the potential model user should consider in
evaluating and selecting models for particu-
lar problems.

Adequacy of Model Documentation

The most basic requirement in evaluating and
selecting a computer model for use in tratfic
operations analysis Is the adequacy of model
documentation, Only with this information
can the user determine the character istics of
the model and evaluate its potential use for
the problem at hand, These documents should
include the following:

User Manual - This document provides informa-

tion on the functional areas of applications,
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general iInformation on its computational
methodology, input requirements and coding
procedures as well as examples of output data
and their interpretation,

Programmer's Manual - This document describes
the computer program, computer requirements,
implementation procedures, program concepts
and structure as well as descriptions of sub-
routines, error messages and other useful in-
formation for the installation and operation
of the program.

Model Development Documentation - This docu=-
ment describes the background on development
of the model, the theoretical basis of the
model, the computational methodology and
details on mode! validation,

With the above information at hand the poten-
tial user should be able to determine the
availability and usefulness of the model,
Review of the |literature should cleariy
demonstrate that the model is fully opera-
tlional and debugged and that the credibility
of the output has been previously estab-
| ished, There should be sufficient informa-
tion included to permit the assessment of
other criteria.

Application to Typical Problems

Most of the models for traffic operations
analysis have been developed +to address
specific geometr ic confligurations and traffic
control features, Therefore, potential users
must select which model, or group of models,
best fit their needs in evaluating their
typical traffic menagement problems,. ]
evaluating the applicability of avaliable
models the following should be considered,

Functional Applications - The question here
is, "does the model do the right job?" In
other words, what areas are covered and what
are omitted, This requires that the user
have a reasonable idea of the type of analy-
sis that will have to be carried out. Nor-
mally this is determined based upon whether
one is trying to identify an existing prob-
lem, developing alternative solutions and/or
evaluating alternatives, The extent and com-
plexity of the problem and the ramlfications
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of the solution will determine the level
defail required for the modeling process.

of

Configurational Limitations ~ While a partic-

ular model may be functionally applicable,
there may be simplifying assumptions or other
constraints which 1imit the geometrics, size
of system, conitrol measures, etc, that the
model will accommodate. Such restrictions
usually simplify the Input data coding and
reduce the computer memory and time require-
ments; however, they can also limit the use~
fulness of the model,

Reasonab leness of Results

for a model to be useful to the traffic engi-
neer the output must produce credible results
consistent with available data. In other
words, the traffic engineer must be confident
that decisions based upon the results of the
model, when impiemented, will obtain similar
results in the field. To Iinsure that the
model will produce reasonable results, con~
sideration should be given to the following:

Theoretical validity ~ The question here is,

"How wel!l does the model represent the real
world?Y, Part of this 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
mode!, the computational methodology should
be reviewed to determine with some degree of
confidence that it represents the state-of-
the-art,

Fileld Validation - To further insure that the

model does produce "real world" results it is
important that the model developers have con-
ducted field studies that substantiated the
reasonableness of the results, Careful
attention should be given to conditions under
which the model was tested and range of
resul ts,

Calibration Requirements «~ The validity of

the results is frequently a function of the
amount of calibration required on the model.,
Models requiring extensive calibration o
produce accurate results must be examined
critically by the user to assure that the



resources are avallable to obtain the re-
quired data, since certain operating param-
eters may require field studies that are not
normally obtained or are difficult to per=-
form.

Sensitivity - Some assumptions and approxima-
tions are made by most analysis models which
affect the results to varying degrees. A
high degree of sensitivity to the assumptions
and approximations is clearly undesirable in
any model . This 1Is especially important

where absolute values of the measures of
effectiveness are required. However, it Iis
of lesser importance if the mode! will be
used primarily for relative comparison of
alternatives,

Utility of Output

An equally Important consideration is the
utility 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 fraffic operations model is to provide the
user with decision making information. Com-
puter programs often demonstrate their capa-
bility 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-~
ticular model "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 - Considerable time
and effort can be saved when a listing of in-
put data Iis automatically produced as the
first printout. This listing of Iinput data
should include an edit of coded values, as
well as some logic edit, with written error
messages as necessary. Too often data are
coded, the model is executed and the results
indicate a norma! execution, but upon further
assessment of results it is obvious that the
input data were coded or punched incorrectly,

Measures of Effectiveness (MOE's) - Many mea-
sures of effectiveness can be calculated and
demonstrated to be numerically correct. To
be useful, however, some relationship must be
ostablished between these numerica! values
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and the traffic englneering decisions which
the analysis is supposed to support. The

ideal measures of effectiveness for evalu-
ating 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 manner consistent with
traffic engineering terminology,

o Addressed to the problem which the

traffic englneer is trying to solve,

o Convertible to economic terms, and

o Summable, along with other MXE's, to
produce a single "bottom line" figure
for evaluation,

The MOE's that are used should also be com-
prehensive, For traffic operations purposes
sufficient measures of effectiveness should
be provided for assessment of delay, 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 Capablilities = Some models are

capable of self optimization, Others simply
evaluate a given scheme proposed by the user
Iin terms of a set of measures of effective-
nesss A third group have no real optimiza-
tion capability, but will evaluate a wide
range of parameters specified by the user and
provide a summary of the results for manual
interpretation, The degree of self optimiza-
tion required by the user will depend upon
the level of traffic engineering capabilities
available to generate the Inputs and inter-
pret the outputs. A highly desirable feature
when considering models with self-optimiza-
tion features 1Is the ability to run an
"existing" condition as a base for evaluating
the optimum solution.

Graphical Output Supplements -~ Several
traffic analysis models produce graphical
output supplements (time-space diagrams,
etc.,) which are wuseful both In the
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interpretation of the outputs and in reducing
the manual effort often devoted to preparing
drawings for recordkeeping purposes.
Graphical outputs are provided in a variety
of forms, the most common being a line
printer representation, using alphanumeric
characters and, less frequently, a true plot
using peripheral plotting equipment,

Cost Effectiveness

One of the principal 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 mnagement
problems, the selective wuse 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 model to increase the effectiveness of
their personnel with minima! increase in
operating costs, in considering the cost
effectiveness of 1raffic operation analysis
models consideration should be given to the
following:

Data Collection - All +traffic engineering
analysis procedures, whether manual or auto-
matic, require some form of input data. How-
ever, the automated procedures, being more
powerful than the manual techniques, fre-
quentiy have an enormous appetite for data.
The user should carefully evaluate the data
required by a particular model and seriously
consider their ability ‘Yo provide the
required data prior to a decision to use a
particular model.

input Deck Structure - A user-oriented model
will 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, 1f, for
example, computer services are supplied
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commercially from a distant city, the conse-
quences of an input data error are far more
severe than the case where the computer. is

located in the user's office,
Personnel Training and Use - The user must
carefully examine the level of technical

support available for implementing and using
a particular mode!, As the complexity of the
model increases the support requirements in
terms of both program operation and interpre-
tation increase, Some additional +training,
or perhaps additional personnel, may bhe
required to effectively operate and use some
models,

Computer Requirements and Cost - The user

must compare the requirements of the model

with the available 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 lent source of computer service for
government agencies is often found at
universities and colleges. Another pos-
sibility, where an agency has adequate
sof tware support but min i mum 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 - |f an
analysis model is tailored to the wuser's
specific application, no external processing
should 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 my be needed, or mnual
tabulations of +the output data may be
required for interpretation. The amount of
external processing should “therefore be
examined from the point of view of the quan-
tity of data and level of judgement re-
quired,



Life Expectancy

To obtain, install and become familiar with a
particular model 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 should be given to the
following factors,

Maintenance by Public Agency - A major hedge

against obsolescence is +the assurance of
maintenance of the software by -a public
agency., This ensures that the most current
version of the model, incorporating both cor-
rections to previous versions and refinements

of computational logic will be available at
all times.

Potential for Improvement - The advancing
state-of -the-art, as well as changes in user
requirements, suggest that future improve-

ments may be desirable in any model which is
imptemented., Models which are amenable to
change are therefore generally more useful
than those which are not. The potential for
improvement depends {argely on the complexity
of the program structure and the level of
documentation available,

Potential for Obsolescence - Current research
and development programs of the Federal High-
way Administration and other agencies ae
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 models for inclusion in this
handbook consideration was given to selecting
illustrative models which would be responsive
to the typical probiems 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 well as
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tane operation and wvehicle 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
geometric configuration they were primarily
designed to model. These include:

o I ntersections

o Arterials

o} Arterial Networks

o Freeways

o Transportation Corridors

The following 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 more
being installed each day., To the drivers of
vehicles, these signalized intersections can
either aid them on a frip or become an obsta-
cle that delays their free movement., In the
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minds of these drivers, how efficient their
signals ae conifrolled depends largely on
their perception of how well each works to
his benefit, Thus, the efficient operation
of signalized Iintersections 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 +“rial-and-error
process required. Frequently, the exper ience

of the designer is heavily weighted In the
ultimate design, and many factors, such as
phasing patterns, hourly volume patterns,
etc., are not «considered adequately in

developing the signal control sfrategy.

In addition, many solutions to intersection

problems 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! as practicing ftraffic
engineers, over the last two decades have
expended considerable effort to develop

computer models that provide a more objective
and quantifiable methodology for devetoping
and assessing proposed Iimprovements. A
review of existing literature resulted in the
identification of 26 models which could be
used to develop and/or evaluate +raffic
performance at intersections. Table 1
summar izes the models that were reviewed.

Many of these models are outdated or have
| imited practical applications, However, two
of the models, SOAP and TEXAS, have recently
been released, thus they represent the latest
state~of -the-art and <can be wuseful +to
practicing traffic engineers.

SOAP, Signal QOperations Analysis Package, was
developed by the University of Florida for
the Florida Department of Transportation and
FHWA and provides the user with a valuable
tool for examining and evaluating a wide
range of intersection signa! design alterna-
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tives. SOAP is an optimization model which
determines solutions for optime! cycle
lengths, splits, phasing patterns and left-

turn configurations for three or four-legged
intersections,.

TEXAS, Traffic EXperimental and Analytical
Simulations, was developed by the University
of Texas for the Texas Depar tment of Highways
and Public Transportation and provides the
user with the ability to evaluate existing
and proposed intersection designs, both
geometr ic and fraffic operations, TEXAS is a
simulation model which provides the user with
quantifiable effects of changes in roadway
geometry, driver and vehicle characteristics,
flow conditions, intersection confrol, lane
contfrol and signal timing plans upon traffic
operations,.

Because these two models are maintained by
public agencies and future enhancements are
expected without significant changes in input
or output formet, they were selected for
inclusion in the Handbook. Availability of
these two models would provide the user with
a wide range of evaluation opportunities for
individual intersections.

Arterial Models

On most arterial highways serving the urban-
ized areas of the United States, ftraffic
congestion has severely restricted the flow
of traffic to, through, and from major
emplioyment centers. New freeway construction
has provided some relief, but has had only a
slight impact on decreasing congestion in
most {ocations. 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 difficuities involved in highway con-
struction, the existing arterial streets must
continue to serve as the major distributors
of fraffic for the urbanized areas. There-
fore, it is essential that fraffic engineers
use their knowledge and expertise 1o obtain
maximum capacity and efficiency from these
existing sireets.



Table 1 - Summary of Intersection Models
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Program
Number Name Date Application Model ing Approach Language | Computer
-1 TEXAS 1977 | Traffic Performance Mic., Det., TS, Sim. | Fortran C 6600
v IBM 370
1-2 SOAP 1977 | Signal Timing (Cycle, Mac., Det., TS, Opt. Fortran IBM 360/
splits & phasing) v * 370
1=3 SIGCAP 1977 Signal Intersection Mac.,, Det., TS, Opt. For+ran I1BM 360/
Capacity 370
I-4 SPLIT 1976 | Signal Timing Mac., Det., TS, Opt. Fortran IBM 360
(Splits only) CDC 74
I=5 CYCLE 1976 1Signal Timing Mac., Det., TS, Opt. Fortran 1BM 360
(Cycle only) CDC 74
1=6 HARPST 1975 | Pedestrian Effects Mac,, Det., TS, Sim. | GPSS {BM
1=7 UTCS=1S 1973 | Traffic Performance Mic., Stoc., Sim. Fortran IBM 360
| v
1-8 BLY 1973 |Bus Priority Lanes Mic., Sims Fortran Unknown
1-9 SIGSET 1973 | Signal Timing Mac., Det., TS, Opt. |Fortran 18M 360/
(Cycle & Splits) 370
1-10 BRADFORD | 1968 | Gap Acceptance Mic,, Stoc., TS, Sim. | ALGOL ICL 1909
=11 TEC 1968 | Traffic Performance Mic,, Det., TS, Sim. |GPSS 18M 7094
iBM 360
1=-12 JONES 1968 | Left Turn Storage Mic.,, Stoc., TS, Sim. | Fortran IBM 1130
1-13 DARE 1968 | Advisory Speed Signals [Mic,, Dets., TS, Sim. | GPSS 1BM 360
I=-14 WRIGHT 1967 | Stop Control Delays Mic., Stoc., TS, Sim. | ALGOL Unknown
(Ext.)
I-15 BOTTGER | 1965 | Four Way Stop Mic., TS, Sim, Unknown Unknown
1-16 MILLER 1965 | Effect of Turns Mic., Stoc., Sim. Unknown Unknown
=17 NCHRP 1964 Traffic Performance Mic., Stoc., TS, Sim. | Fortran IBM 109
11, FAP
1-18 AUSTRAL- | 1964 |Capacity and Controls |Mic., Stoc., TS, Sim, | Fortran 1BM 7090
| | AN
1-19 BLEYL 1964 |Traffic Performance Mic,, Stoc., TS, Sim. | Fortran IBM 7094
Il
1-20 EVANS 1963 | Queueing at Stop Signs |Mic., Stoc., TS, Sim. | Unknown 1BM 7090
1-21 AITKEN 1963 | Queueing at "T" Sim, Unknown Ferrenti
Junction Sirius
|=22 KELL 1962 | Vehicular Delay Mic., Stoc., TS, Sim. FAP IBM 701&
7094
1-23 LEWIS 1962 | Traffic Control Mic., Stoc., TS, Sim, | Fortran 1BM 7094
I 1/FAP
1=24 NPL 1962 Traffic Performance Mac, Det., Sim. Unknown Ferrenti
Pegasus
1=25 CHEUNG Delay Mac,, Det., TS, Sim. Fortran ICL 1907
1-26 GOODE 1956 | Delay Mic.,, Det., TS, Sim. | Unknown M10AC
IBM 704
Abbreviations: Mic. - Microscopic Mac, = Macroscopic *Also available In
Det. - Deterministic Stoc. = Stochastic hand-held calculator
TS - Time Scan ES - Event Scan and micro computer
Sime = Simulation Opt. =~ Optimization versions,
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Figure 10.

Congested Arterlals

Trafflic engineers have a wide range of Im
provements that can be considered to Increase
the traffic-carrying capabliiity of urban
arterial streets. Among the flrst looked
at are uswally traffic control measures, such
as Improved signal phasing and timing, co-
ordination of signals, removal of curb park-
Ing, etc., due to their lower cost, The next
leve! of improvement can Include minor geo-
metric improvements, such as construction of
separate turn lanes or pull-out lanes for
buses or minor widening of short segments of
streets. Systems for coordinating +traffic
signals along arterial highways to provide
continuous movement of traffic have also been
a commonly used fraffic control strategy for
many years,

Over the years, computer programs to deter-
mine the T"optimal® offset and timing have
been developed and used by practicing traffic

engineers, More recently, programs have been
developed which assist fraffic engineers In
developing a more neariy optimum signal
system for the modern ftraffic controllers
which provide multi-phase and multi-spli¢t
capabllities. Other wodels have been
developed which evaluate bus operations,

)

intersection operations and vehicle
performance along arterials, both urban and
rurale.

Table 2 summarizes the programs Iidentified
as arterial models only. Other models in the
succeeding section on network also have

applications for a single arterial. Review
of these medels Indicates that several
models, particularly the slignal optimization
models, have widespread usage In the urban
traffic engineering fleld (PASSER |1, PASSER
111, SIGPROG, SIGART and LITTLE/MORGAN),
However, PASSER Il & Iil are the more recent
models, represent aurrent state-of-the-art
and, most Iimportantly, are maintained by a
public agency. Therefore, PASSER || & I}
were chosen for inclusion Iin the Handbook.

PASSER 11, Progression Analysis and Signal
System Evaluation Routine, version two, was
developed at Texas A & M University's Texas
Transportation Institute for the Texas High-
way Department and provides the user with a
valuable tool for determining optimal splits,
phases and offsetss PASSER 11l, a speclai=
ized version for diamond Interchange signali-
zatlon, may be used for elther an isolated
interchange or along a frontage road system.

A speclal purpose model, SUB (Simulation of
Urban Buses), has been developed by FHWA and
presents an evaluation of the beneflits of bus
stop locatlons (nearside, farside or mid-
block) as well as physical characteristics
(protected or unprotected lanes). Because of
the Increased Interest In bus operations
within our urban areas this model was also
Inciuded In the Handbook to provide transit
operators with a tool for evaluating bus lane
use and bus stop operations. It Is expected
that the characteristics of the SUB model
will eventually be Incorporated into TRAF
(see Chapter 14),

The Maxband model was not Included since it
Is still under development by MIT under con-
tract to FHWA, When this mode! has been
fully developed and tested within the next
few years It should be a valld model for con=
slderation for use since It will be min-
tained by FHWA,



Table 2 - Summary of

Arterial Models

DEVELOPMENT

Program
Number Name Date Application Model ing Approach Language ] Computer
A-0 MAXBAND ub Signal Progression Mac., Det., TS, OPT. {Fortran IV | IBM 370
A=1 TWOMIC-2CL | 1980 | Two~Lane Rural Roads }Mic., Stoc., TS, Sim. | Fortran IV | CDC 6400
A=2 MR} 1980 | Traffic Flow in Mts, |Mic., Stoc., TS, Opt. | Fortran 1v @C
/Assembly 6900
A=-3 NO STOP 1 1979 | Signal Progression Mac., Det., TS, Opt. |Fortran IV | IBM 360
A-4 PASSER 1978 | Signal Progression Mac., Det., TS, Opt. Fortran 1BM 360/
Il 1V 370
A-5 PASSER 1976 | Signal Timing Mac,, Det., TS, Opte. ANS 1/ I8M 360/
11 Diamond Ramps Fortran iV 370
A=6 SIMTOL 1976 | Grades & Trucks Mic,, Stoc., TS, Sim. | Fortran IV | CDC 6400
A-7 SuUB 1973 { Urban Bus Operations | Mic., Stoc., ES, Forfran I8M 360/
(buses), TS (others) v 370
A-8 NCSU 1973 | Passing Sight Mac., Det., TS, Opt. Fortran | Unknown
Distance Requirement v
A-9 YU/VANDYKE | 1973 | Parking Effects on Mic., Det., Sim. Unknown | Unknown
Capacity
A-10 | VECELLIO 1973 | Platoon Dispersion Mac., Det., Sim. GPSS IBM 360/
165
A-11 | TSumB 1971 { Iintersection Mic., Stoc., Sim. Machine [Elliott
QOperations Code 920 NB
A-12 | MACCLEN=- 1969 | Vehicle Lengths Mic., Det., TS, Sim. Fortran |V | Unknown
AHAN
A-13 | DELAY/ 1969 | Signal Progression Mac., Det., TS, Sim. |Fortran IV | {BM 7094
DIFFERENCE
A-14 | SIGPROG 1967 [ Signal Progression Mac,, Det., TS, Opt. Fortran IBM 360
A-15 | FIRL 1967 | Passing Maneuvers Mic., Det,, TS, Sim. Fortran |V { IBM 360
A=16 | WARNSHIUS | 1967 | Traffic Flow ~ Rural |Mic., Det., TS, Sim., |Forfran IV |IBM 7094
Roads
A=17 | SIGART 1965 | Signal Progression Mac., Det., TS, Opt. Fortran IV | IBM 360
CDhC 74
A=18 | NEWARK 1965 | Car Following Man, Mice., Stoc., Sim, Unknown Unknown
A-19 LITTLE & 1964 | Signal Progression Mac., Det., TS, Opt. Fortran IV | IBM 7094
MORGAN & 1620
A=20 | YARDEN! 1964 | Signal Progression Mac., Det., TS, Opt. Fortran iV | IBM 7090
- & 7040
A=21 F1SHER 1964 | Lateral Restrictions |Mic., Stoc., TS, Sime | Unknown 1BM 650
A-22 |PRETTY 1964 | Traffic Flow Signal- | Sim, Unknown Unknown
ized Arterial
A=23 | ARNOLD/ 1964 | Traffic Flow on Two- |Mic., Det., ES, Sim. Unknown Unknown
RESZ Lane Roads
A=24 | MANCHESTER | 1963 | Traffic Performance |Mac, Stoc., TS, Sim. Atlas Atlas
Autocode ICT
A=25 | RHEE 1963 { Traffic Control Pol, | Mac., Det., TS, Sim. Unknown Unknown
A-26 | NBS 1961 | Traffic Flow Mac., Sim. Assembly | IBM 704
Abbreviations: Mic. - Microscopic Sime = Simulation Stoc, = Stochastic
Det. - Deterministic UDe =~ Under Development ES - Event Scan
TS = Time Scan Mac, = Macroscopic Opt. = Optimization
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Figure 11, CBD Problems

Arterial Network Models

in most wurban areas, streets and highways
form an integrated network within the more
densely populated areas, This is most
noticeable In central business disfricts

where resurgence in reconsiruction and con-
sequently fravel, 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.

Unfortunately 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
enter ing the CBD immediately slows to a crawl
due to limited roadway capacity, poorly timed
signals, and outmoded operational procedures
(on street parking, bus loading and unloading
on thru lane, left turning vehicles, etc.).

Such efforts improved signal timing,
arterial signal interconnection, removal of
parking, one-way streets or reversible lane
operations and other potential improvements
must continue to be utilized if maximum use

as
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is to be made of our existing arterial net-
work, Other improvements, such as central-
ized traffic signal systems controlted by
computers, provide the opportunity for being
more responsive to change in travel demend
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 developments in computer
modeling provide the traffic engineer with
rather inexpensive methods of developing and
evaluating various alternatives in order to
select the ones most beneficial ‘o the
network as a whole, Most of these models
require the same inputs that traffic
engineers normally obtain and the models
provide an economical method of assessing
proposed improvements,

Table 3 summar izes the models that can assist
the traffic engineer in analyzing and evalu=-
ating alternative network +traffic control
systems,

One of the most widely used models has been

TRANSYT, originally developed in England.
This model permits development of optimum
signal timing and of fsets to minimize travel
time (delay) and stops within an in=-
terconnected system of signals. Results

obtained from the use of TRANSYT have proven

to be beneficial after implementation. Re=
cently FHWA enhanced and modified this pro-
gram as TRANSYT-7F and will maintain this

program,

Recently the FHWA has redesigned SIGOP into a
new version, SIGOP 1ll, which provides for
improved optimization of signal timing with
output that permits basic evaluation between
alternatives. This model provides for a com
prehensive evaluation, including cycle
lengths, with measures of effectiveness for
both link and the network as a whole. This
model will also be maintained by FHWA, and
along with TRANSYT-7F, is included in this
Handbook. Both represent the latest state-
of=-the-art and will provide the urban tfraffic
engineer with the opportunity fo evaluate the
benefits of either model.



Table 3 = Summary of Arterial Network Models

DEVELOPMENT

Program
Number Name Date Application Model ing Approach Language Computer
N=-0 NETFLO 1982 | Eval, TSM Mac,, Stoc, TS, Sim. | Fortran IeM, CDC,
Strategies BURROUGH
IBM, CDS,
N=1 TRANSYT=7F | 1981 | Opt. Signal Timing [Mac., Det., TS, Opt. [Fortran IV [ BURROUGH,
HONEYWELL
N=2 SIGOP {11 1980 | Opt. Signal Timing | Mac., Det., TS, Opt. Fortran CoC 660
IBM 360/370
N=3 TRANSYT=7 1978 | Opt. Signal Timing | Mac., Det., TS, Opt. Fortran |V | ICL 4-70
1BM 360/370
N-4 NETSIM 1977 | Evaluate Signal Mic., Stoc, TS, Sim. Fortran IV | IBM 360/370
Control Systems CDC 6600
N-5 TRANSYT-6C | 1977 | Opt. Signal Timing {Mac., Det., TS, Opt. | Fortran CDC 6600
|1BM 360/370
N=6 SIGRID 1977 | Opt. Signal Timing | Mac., Det., TS, Opt. Fortran CDC 74/172
N=-7 TRASOM 1976 | Opt. Signal Timing | Mac., Det., TS, Opt. |Fortran IV Unknown
N=8 BRITISH 1974 | Opt. Signal Timing |Mac., Det., TS, Opt. Fortran IV | IBM 360/50
COMBIN,
N-9 M| TROP 1974 | Opt. Slgnal Timing | Mac., Det., TS, Opt. MPSX/MIP 1BM 370/165
N-10 jSIGOP | 1974 | Opt, Signal Timing jMac., Det., TS, Opt. |Fortran IV | IBM 370/165
N=-11 ERIKSEN 1973 jEval. Bus Movement | Mic.,, ES, Sim. Unknown Unknown
N=12 | SIGNET 1972 [ Eval, Sigs Timing |[Mic., Stoc., TS, Opt. | Fortran IV { CDC 6500
N=13  J UTS=-1 1971 | Eval, Traffic Flow | Mis,, Stoc., TS, Sim. | Unknown Unknown
N-14 | BIRMING- 1970 | Evaluate Signal Mic., Det.,, TS, Sim. Egtran 3 Atlas ICL
HAM Timing
N=15 DYNET 1969 [ Eval, Traffic Flow | Mic.,, Stoc., TS, Sim. Fortran IBM 360
N-16 | SAKA1/ 1969 | Eval, Traffic Flow } Mac,, Det.,, TS, Sim, Machine Mini=-
NAGAO Language Computer
N=17 SCHALK= 1968 | Eval. Traffic Flow | Mac., Sim. SimScript coe
WlJK
N-18 | LONGLEY 1968 | Eval. Traffic Flow | Mic., Det., TS, Sim, Fortran Elliott 4100
N-19 | MILLER & 1966 | Eval, Sige. Timing |Mac., Sim. GPSS 1BM 7094
SCHWARTZ
N=-20 VETRAS 1966 { Eval. Traffic Flow jMic., Stoc., TS, Sim. GPSS IBM 360
N-21 TRRL 1965 | Eval, Sig. Timing |Mac., Stoc., TS, Sim. Unknown Ferranti
Pegasus
N=-22 VTS 1964 ; Eval,., Traffic Flow | Mic.,, Stoc., TS, Sim. GPSS/FAP 1BM 7090
N-23 TRANS 1963 l Eval. Sig. Timing |Mac., Stoc., TS, Sim. SAP/FAP |BM 709
N=24 | TRAUTMAN 1954 | Eval. Trafflc Flow |Mac., Stoc., TS, Sim. { Unknown SWAC

Abbreviations:

Mic.

Det.
TS

Sim. = Simulation

- Microscopic Mac., - Macroscopic

- Deterministic Stoc., - Stochastic

- Time Scan ES - Event Scan
Opte =~ Optimization
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Where more sophisticated computer control
systems are avaliable for changing signal
timings, based upon demand as well as the
need to evaluate other operational Improve-
ments (removal of parking, dedicated bus
lanes, turn prohibits, etc.), the NETSIM
simulation model has proven quite useful.
This simulation mode! can be used to evaluate
several alternatives which are being con-
sidered 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 model is
maintained by FHWA and Iis expected fo 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 CRT's,

Figuwe 12, Freeway HOV Lanes.

Fresway Models

Iin recent years an emphasis has been placed
on Increasing the capacity, safety and
efficiency of our nation's freeways., These
| imited access highways were bullt generally
during the last two decades to serve existing
and future +traffic for years to come.
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However, due to the atiractiveness of these
facilities, design fraftic volumes were often
exceeded within several vyears of +their
opening.

Today our freeways operate during portions of
the day with stop and go traffic and low
speeds, much as the parallel arterials they
were to replace. This congestion is due tfo
demand In excess of freeway capacity and,
frequently, to accident or other incidents
affecting fraffic conditions,

Since most of +the congested freeways are
within the urbanized areas, the typical
solutions of adding lanes are not feasible,
due to right-of-way and construction costs,
as well as land use and environment problems.
The more economical solutions to these prob-
lems have concentrated on encouraging higher
vehicie occupancy, controlling the rate of
access to the freeway, improving bottienecks

due fo weaving or Inadequate merging lanes,
as well as detection of incidents to permit
Improved response by traffic control
officials.

In the last decade, a number of computer
models have been developed +to aid the
transportation englineer in evaluating

alternative traffic confrol strategles +to
improve the efficliency of the freeway system.
Table 4 summarizes the models +that were
reviewed,

The most common method of encouraging higher
vehicle occupancy has been through the
designation of a priority lane reserved
exclusively for high-occupancy vehicles
(HOV). The model which has been used the
most extensively in the past to evaluate the
effectiveness of this technique Is the PRIFRE
model, PRIFRE, a reverse acronym for FREeway
PRlority lane model, can be used to evaluate
the existing conditions without priority
freatment of HOW's and various types of
priority treatments.

Another method of improving the level of
service of freeways Is the use of ramp meter-
ing to either control the flow of entering
vehicies or provide priority freatment for



Table 4 - Summary of Freeway Models

DEVELOPMENT

Program
Number Name Date Application Model ing Approach Language Computer
F=0 FREFLO 1979 | Evaluate Traffic Mac., Det., TS, Sim. Fortran 79 | CDC, IBM,
Flow BURROUGH, DEC
F=1 FREQ6PL 1978 | Evaluate HOV Lanes | Mac., Det,, TS, Opt. ANSI COC/ M
Fortran
F=2 FREQ4CP 1976 | Develop Optimal Mac., Det., TS, Opt. | ANS! CDC/ 1BM
Ramp Metering Fortran
F=-3 FREQ3CP 1975 | Develop Optimal Mac., Det., TS, Opt. Fortran IV | IBM 360
Ramp Metering CDC 6900
F-4 TRAFFIC 1975 | Evaluate incident Mic., Stoc., TS, Sim. | Fortran v {CDC 6400
Detec. Strat,
| _F=5 MACK 1974 | Eval, Traf., Flow Mac,., Det,, TS, Sim. For+tran CDC 6400
F-6 PRI FRE 1973 | Evaluate HOV Mac., Det., TS, Sim. Fortran IV | CDC 6400
Lanes IBM 360
F=7 RAMPCON 1973 | Develop Opt. Mac., Det., TS, Sim, Fortran COC 6400
Meter ing Rates
F-8 SINHA 1973 | Evatuate Traffic Mic., Stoc., TS, Sim. | Fortran |V 1BM
Flow /Assemb |y 360/65
F~9 SbC 1972 | Evaluate Traffic Mic,, Stoc., TS, Sim. | Fortran 1V | IBM 360/67
Flow UNIVAC 1108
F-10 | GEORGIA 1971 ) Eval, Effects of Mic., Stoc., TS, Sim. | Fortran IV { iBM 360/
Trucks /Assembly |30 & 50
F=11 [ CONNECTI- { 1970 | Evaluate Traffic Mic,, Stoc., TS, Sim. |Fortran 1V j INIVAC
Ccut Flow 1106
F=12 MI{KHALKIN | 1970 | Eval, Sensor Loc. Mic., Stoc., TS, Sim. | Fortran iV | IBM 360
F=13 | NORTH~ 1969 | Evaluate Lane Mic., SToc., TS, Sim. | Fortran |V | CDC 6400
WESTERN Changing /SPURT
F=14 [TTI =~ 1969 | Evaluate Ramp Mic., Stoc., TS, Sime. | Fortran IV | IBM 7094
MERG ING Controls
F~15 | MRI 1968 | Evaluate Traffic Mic., Stoc., TS, Sim. | Forfran tV | IBM 360/50
Flow /Assembly
F-16 |MIESSE 1966 | Eval, Ramp Ciosures (Mic,, Stoc., TS, Sime | Unknown Unknown
F=17 | ARIZONA 1964 | Evaluate Ramp Mic., Stoc., TS, Sim. | Fortran & IBM 7072
Design Autocoder [or 1401
F-18 | GERLOUGH 1965 ) Eval. Traf. Flow Mice., Stoc,, TS, Sim. Unknown SWAC
Abbreviations: Mic., - Microscopic Mac. - Macroscopic

Det. - Deterministic Stoc. - Stochastic
TS =~ Time Scan ES - Event Scan
Sim. = Simulation Opt. = Optimization
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high occupancy vehicles, The FREQ3CP modet
has been used frequently to evaluate alterna-
tive priority entry control for freeways.
The FREQ3CP mode! can be used to determine
the entry control strategy (metering rates
and priority cut-off levels) that maximize an
objective function such as passenger Input or
miles of travel,

Although both of these models have been
around for a number of vyears (they ae
inciuded in the FHWA Transportation Planning
"Back Pack™" library), they have been included
in this Handbook. They have proven to be a
valuable tool in evaluating freeway
operations.

Both of these models were developed at the
Institute of Transportation Studies (I1TS) by
Dr. Adolph D, May and his associates at the
University of California at Berkeley. In
recent years Dr, May and his associates have
extended FREQ3CP and PRIFRE to include fuel
consumption, vehicle emissions and demand
response impactss The more current version
of this model, FREQ6PL, undergoing testing as
of this writing (as was FREQ6PE) a corridor
model discussed in the next section).

It was therefore felt more appropriate fo
inciude PRIFRE and FREQ3CP in the Handbook
since these models are fully documented and
are readily available, For those wurban
traffic engineers and planners who wish to
under take a more comprehensive evaluation of
the effect of ramp metering and freeway HOV
lanes it is suggested they contact ITS to
determine the availability of their latest
programs and documentation.

Transportation Corridor Models

During the last decade, transportation offi-
cials concerned with congestion on our
freeway systems have looked *o solutions
which considered +the entire system of

arterials and freeways serving the transpor-
tation corridors. These efftorts have been
focused not only on increasing freeway capa-
cities and vehicle occupancy but on fulter
use of the existing capacity available on
parallel facilities, as well as efforts to
minimize the tfravel time and delay for the
system as a whole.
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Figure 13,

Transportation Corridors

Efforts toward accomplishing this purpose
have incliuded preferential treatment for high
occupancy vehicles both on the freeway and
their entrances to parailel facilitlies (where
additional vehicles would reduce the level of
service on the freeway to unacceptable
levels) and survelllance of accidents and
other incidents in order to implement control
strategies for diversion of fraffic to alter-
nate routes, :

Most of the computer models available for
developing and evaluating transportation cor-
ridors are recent and are still in the pro-
cess of development, testing and refinement.
Table 5 summarizes those models which were
identified and reviewed,

Much active work in model development in this
area is being done by the University of Cali~
fornia in Berkeley. Existing models (PRIFRE,
FREQ, CORQIC and TRANSYT, etc.) were extended
and refined to obtain a family of models for
use in evaluating TMS-type projects, These
five models, FREQ6PL, FREQ6PE, FRESCOT,
TRANSYT~6C and SIMTOL provide the capability
for investigating demend, supply and conirol
interaction for transportation corridors.
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Table 5 -~ Summary of Transportation Corridor Models

Program
Number | Name Date Application Model ing Approach tanguage Computer
T-0 TRAFLO 1982 | Evaluate TSM Mac., Stoce., TS, Sim, | Fortran 77 | CDC/IBM,
Strategies BURROUGH
T~1 FREQ7 1980 | Eval. Ramp Metering, Mac., Det., TS, Opt. ANS | CDC/ IBM
Corridor Analysis & Fortran
Driver Response
T=-2 FREQ6PE | 1978 |Develop Optimal Meter- | Mac,, Det., TS, Opte ANS | CDC/1BM
ing Strategy and Cor- Fortfran
ridor Analysis
T-3 FREQS5CP 1977 | Eval., Ramp Metering & |Mac., Det., TS, Opt. ANS | CDC/ | BM
Corridor Analysis Fortran
T-4 INTRAS 1977 | Eva. Freeway Incidents |Mic., Stoc., TS, Sim, |Fortran IV | IBM 370
On Corridor Operations CDC 7600
T-5 CORQIC 1975 | Develop Optimal Con- Mac., Det., TS, Opt. Fortran IV | CDC 6400
trols for Corridor
Operations
T-6 CORQ 1974 | Eva, Traffic Control Mic., Det., TS, Sim. Fortran IV | IBM 360
Strategies within
Corridor
T-7 YPT 1974 | Evaluation of Traffic |Mic., Stoc., TS, Sim. | Fortran IV | COC 7600
Flow in Freeway /COMPASS
Network
T-8 LIEW 1974 | Evaluate Optimal Ramp | Mac., Stoc., TS, Sim. Unknown Unknown
Control Strategies
T-9 STAR 1974 | Evaluate Surveillance |Mac,, Det., TS, Sim, Unknown Unknown
and Control Strategies
for Route Diversions
T-10 | ScoT 1975 | Evaluate Traffic Con- |Mic., Stoc., TS, Sim, | Fortran Iy | CDC 660
trol Strategies within IBM 370
Corr idor UNIVAC
T-11 FRI1OP 1972 | Develop Optimal Inter- |[Mac., Det., ES, Opt. Fortran |V | IBM 360
change Configuration /Assemb |y
T-12 | DAFT 1970 | Evaluate Traffic Con- |Mac., Stoc., TS, Sim. | Unknown Unknown
trol Strategies within
Corridor
T-13 | SDC 1966 | Evaluation of Alterna- | Mac., Stoc., TS, Sim. Jovial/ VAR | AN
tive Diamond Inter=- Machine 620
Change Configurations
T-14 | TRANSIM | 1966 | Evaluation of Traffic |Mic./Mac., Stoc./Det. | Forfran v | IBM 7090,
Performance in System | TS, Sim. 7094,1401
Abbreviations: Mic. = Microscopic Mac, =~ Macroscopic
Det. = Deterministic Stoc, = Stochastic
TS =~ Time Scan ES - Event Scan
Sime. = Simulation Opte. - Optimization
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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

Due to

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
availability and applicability of other
models,.

The FHWA offices of Research and Development
are developing a family of traffic simulation
models as part of the TRAF Program (Ref. 3.2)
which allow the simulation of transportation
corridors (See Chapter 14-Future
Developments).

METHOD OF PRESENTATION

Each of the ten models which were selected
are described in the following chapters. A
summary description of the model is provided
followed by a discussion 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 |imita~
tions are described. This 1is followed 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
actua! problems faced by urban traffic engi-
neers rather than use problems illustrated in
the text of mode! documentation, By this
technique the -authors were able to ‘"start
from scratch," as would a new user and could
evaluate adequacy of model documentation,
data collection requirements, coding effort
and usefulness of output reports.

In the case of the six models used for inter=-

section, arterial and arterial 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 characteristicss This in~
tersection is also part of an arterial serv=-
ing as a major access to the CBD, 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 sireets with an additional
50 fixed time signals interconnected and
under the same master control as the
arterial, The entfire downtown system Is
presently control ted by this master
coniroller with three dial operation,

The other arterial model, PASSER i1,
diamond interchanges. Since no diamond
interchanges exist within the CBD an inter-
change within the adjacent urban area was
selected,

is for

For the two freeway models, PRIFRE and
FREQ3CP, a section of 1-95 in Miami, Fiorida
(Airport expressway to Golden Glades) was
used as the example application. 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, However,
several models have applications at the same
type of location, Therefore, to illustrate
mode! applications and to permit compar ison
between models, the same problem is used fre-
quently in two or more chapters. The first
tim a problem is used there s a more
detailed description of existing conditions.
When used in succeeding chapters this detall
is omitted and the reader may 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 capabllities to evaluate typical
fraffic management problems they are faced
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Table 6 - Capabilities of Handbook Models

LOCATION APPLICATI{ON
Arter ial Freeway Freeway
MODEL Intersection Arterial Network Lanes Ramps
SOAP OPT
TEXAS SiM
PASSER |1 OPT OPT
PASSER 111 OPT*
sSuB S | M¥*
TRANSYT=-7F OPT OPT
SIGOP 111 oPT OPT
NETS IM SIM SIM SIM
PRIFRE SIM
FREQ3CP oPT
*Special Application
with today., Table 6 summarizes the capabil= coding and input-output requirements, Also
ities of the models discussed in this Hand- there is a discussion on the use of the

book,

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

The Tape Library includes the computer pro-
gram for each model and the problems de-
scribed in this Handbook for 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 well 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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example problem for executing the programs,

The Tape Library package does not include a
User's Manual or Programmer's Manual for each

model . These must be obtained from the
National Technical Information Service
(NTi1S). The documents that are available for

ear|lier models are listed in the references
at the end of each chapter along with their

NTIS number. The documentation that s
essential for model application, the User's
Manual and frequently a programmer's manual,

are indicated by an asterisk.

The Tape Library has been successfully in=-
stalled 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 all the programs are
written in FORTRAN |V, users with other com=
puter systems should be able to install the
program on other compatible systems with a
minimum of effort (no more than one to two
weeks programmer's time).
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‘CHAPTER 4 - SOAP (INTERSECTION OPTIMIZATION MODEL)

In the United States today there are over
240,000 signalized Iintersections with more
being Installed each day. To the driver of a
vehicle these signalized Intersections can
elther aid them on a trip or become an obsta-
cle which delays their free movement. In the
minds of these drivers, how efficlent their
streets ae controlled depends largely on
their perception of how well each works to

their benefit,. Therefore, the efflcient
operation of signalized Intersections Is a
matter of Increasing concern to both the

motorist and the fraffic engineer.

Current traffic signalization design proce-
dures do not permit a truly comprehensive
design due to the largely trial-and-error

process which is requireds Frequentiy the
experlence of the designer Is heavlly
weighted in the ultimate design and many
factors, such as phasing patterns, hourly
volume patterns, etc., are not considered
adequately In developing the signal control
strategye.

Clearly, there is a need for a procedure that
wilt allow the ftraffic signal designer to
consider a variety of phasing possiblliities
and to allow the varying traffic volumes to
be considered. (n addition, data should be
provided to permit the designer to conduct a
cost-ef fectiveness 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 mode! that provides the user with a
valuable tool for examining a wide range of
intersection signal design alternatives and
selecting the best alternative,.

SOAP, which Is an acronym for Signal Qpera-
tlons Analysls Package, is a traffic signal
control ler optimizing tool which enables the
user to design the signal timing for any
three or four legged intersection. SOAP wlll
determine the optimal cycle length, phasing
pattern and left-turn conflguration for Iso-
lated Intersections, The user may preselect
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Figure 14,

Signalized Intersection

any of the design parameters if he chooses or
allow SOAP to determine them by an optimiza-
tlon algorithme SOAP can analyze present
timing as well. Since the model has this
dual capabllity - design and analysls - It
can be used as an evaluation tool to compare
the relative effectiveness of alternative
control strategies.

MODEL DESCRIPTION

The Signal Operations Analysis Package (SOAP)
was designed and written by the Unlversity of
Florida Transportation Research Center (Ref.
4.1-4,5), The program was written in Fortran
IV on an I18M 370/165 computer system. The
program conslsts of over eleven thousand card
Iimages. Almost one half of these are actual
Fortfran code with the remaining Iines used
for program documentation.

Thls program requires 202 K bytes of computer
memory. During the development phase the
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program has been run using [|BM FORTRAN G,
H-extended and WATFIV compilers. A version
Is also available for Burroughs computers.
The current program is a stable and reliable
version and should be free of errors. The
program should be ready to run on most IBM
systems with some changes required for other
systems.

Execution time will vary considerably depend-
ing upon the time periods, type of control
and use of progression analysis features.
Typically, on the IBM 370/165, an execution
time of 2 or 3 seconds may be required. More
detailed information of the model program is
found in the Programmer's Manual [4.4].

INPUT REQUIREMENTS

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

A standardized format for all input data is
used to simplify the coding as much as possi-
ble and is shown in Figure 15,

ALPHABE TICAL |
/ oo NUMERICAL INPORMBATION NFORMAT 10N
&
-
S
[ 9
o
H
e
Figure 15, General Card Format

There are three types of inputs which are

required, These are:

Type 1 - Instruction cards which tell SOAP
what to do,

Type 2 - Parameter cards which felf SOAP
how to do it, and

Type 3 - Data cards which supply the input
variables for 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
for obtaining multiple computer runs,

/. ORIGINAL DATA DECK
FORPROBLEM 2

‘w=DATA MODIFICATIONS FOR
THIRD RUN

'« DATA MODIFICATIONS FOR
SECOND RUN

e ORISINAL DATA DECK FOR
PROBLEM |

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 for evaluating alternatives.
In addition, multiple intersections, or prob=
lems, may be included at the user's discre-

tion. Table 7 contains a brief description
of each of the input cards and their
purpose,

Instruction Cards

It was noted eariier that multiple runs can
be accommodated by SOAP, This does not mean
that data requirements become overiy burden-
some, There are three levels of a complete
execution:

1 A "job" which is the complete execution;

2. Problems, which are completely separate
and independent analyses, but stacked for
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 problem Begin and end time, duration of per-
Cards iods and name of intersection
RUN Initiates a run using all 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=-| Table numbers desired
(optional) | put of tables
PLOT To obtain printer plots of Plot number and number of horizontal
(optional) specified variables and vertical line and spaces between
COMPARE To compare total delay and None
(optional) | excess fuel consumption for
rior runs
CASE To name a case or run Run (or Case) number and name of
(optional) this case
NO WARN To suppress printing of None
(optional) { warning messages
CHECK To have SOAP check all input | None
(optional) cards, but not execute
Parameter PATTERN To specify signal phasing Pattern 'name" for east-west and
Cards (optional) | patterns nor th-south direction
LEFTURN To specity protected left Directions for protected turning
(optional) turning intervals or number intervals, number of left turn ve-
of "sneakers" hicles released at end of unpro-
tected phases
CONTROL To specify controlter oper- Time duration, begin time, dial no.
(optional) ating parameters for fixed time confrol, min., & max.
) cycle length and all-red period
LINK To examine progression with Dial number, average speed, dis-
(optional) adjacent intersection tance, directions, outbound and in~
bound green split, volume data and
 _ degree of saturation at satellite
Data VOLUME To input traffic counts Volume units, duration period, begin
Cards time and volume of each movement
CAPACITY | To input capacity or lanes Duration period, begin time, capaci-
to calculate ties or number of lanes
HEADWAY To input headway data for Start up time and depar ture headways
(optional) each approach for thru and left movements
EXISTING | To analyze existing timing Duration period, begin time, green
(optional) (no optimization) time for each movement and pattern
MINGREEN | To specify minimum phase Minimum phase times for each move-
(optional) time for each movement ment
TRUCKS To adjust volumes to reflect| Duration period, begin time, and %
(optional) frucks and buses trucks and buses for each movement
GROWTH To input growth factors to Duration period, begin time, growth
(optional) update or project old counts | factors for each movement
PCF To assign platoon Concentra-| Percent of traffic arriving on the
L (optional) tion Factor red phase for each movement
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3. Runs within a problem separated by RUN

cards,

The key instruction cards are thus the BEGIN,
RUN and END cards. The BEGIN card clears all
data arrays and commences a completely 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 tfo 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 all reports requested
prior to the RUN card. It then looks for

either another BEGIN card (to start a new
problem), a COMPARE CARD (to insure that the
previous run is incliuded in the compar ison)
or an END card to terminate execution, I
none of these is encountered (including the
card following a COMPARE card) SOAP will
begin 1o 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,
followed by three runs with only minor para-
meter or data changes.

Parameter Cards

a BEGIN card.
LEFTURN, CONTROL,

The parameter cards follow
These four cards (PATTERN,

and LINK) establish the signal patterns, left
turn sequence, the controller dial settings,
cycle lengths and coordination data. All are

optional and SOAP either has default values
or will 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 EXISTING cards, it is necessary to know
precisely how SOAP Interprets severa!l fraffic
engineering terms, specifically ‘'phase,"
"pattern," and "sequence."

i« Phase is a unique green display which
authorizes only certain movements to
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occur. Typical phases are shown in
Figure 17. Ffor SOAP's purposes the yel-
lows are considered part of the green.

PHASES FOR THE ENTIRE SEQUENCE

Phase | Phase 2 Phase 3 Phase 4 Phase &
N — |7
\ , — | .
Phase | Phase 2 Phase | Phase 2 Phase |
Phases for the NB Phases for the EB & WB
4 SB Pattern Pattern
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 (E-W)
directions. For example, in Figure 17,
the N=-S pattern consists of phases 1 and
2 and the E-W pattern consists of phases
1, 2, and 3, as indicated at the bottom
ot the figure,

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

To simplify coding of the input cards, a
standard terminology for describing phases
was developed. The permitted movements are
simply named according to their direction, as
itlustrated 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 name' is
"LT" and the E-W "pattern name" is "ETwW",
This overcomes the uncertainty about the
"Tts" 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
"alI" patterns, shown at the bottom of Figure
18.
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Figure 18, Terminology for Naming Signal

Phases By Movement,

Pattern names (used on PATTERN and EXISTING
cards) should not be confused with LEFTURN
specifications, although they must be con-
sistent,

The LEFTURN card establishes for each left
turning movement any protected left turn
intervals which are required. I+ s also
possible to specify the minimum number of
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vehicles on each approach which can be
cleared during each cycle,
The CONTROL card establishes the dial number

and, time periods, if any, for pretimed oper-
ation, the minimum and maximum cycle lengths

and the length of any all red period. Up to
six dials can be considered. If full-actua-
tion operation is to be evaluated, the dial

numbers and time periods are omitted.

Up to four LINK cards can be utilized tfo
examine the effects of progressive movement
of traffic through an adjacent signalized
intersection. Data which must be coded
include vehicle speed, distance, present
green time at adjacent intersection, 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 recall that all data input must
always be in the order specified below (see

special case of the "standard" data card as

illustrated in Figure 19).

ALPHABETIC
8 20 26 30 35 40 45 50 sgANC COMMENTS

£ i

-1 -

=z

s |52 S

w CIR 2

. L] =

- - A - o

+ dla|la|la|a a s|alaja
z F o 0| w|w =

Figure 19, [Input Data Card Format As A

Special Case of the General
Card Format.

The VOLUME Card is necessary to establish the
traffic volumes for each of the elght move-
ments, A separate card is necessary for each
time interval where a volume change occurs.
It data are missing for some intervals, the
user has the option to allow 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 interval(s),

The CAPACITY Card establishes the (maximum)
capacity, or saturation flow per hour of
green time, given to each movement, However,

the user has the option of coding the number
of lanes and the saturation flows will be es-
timated using the departure headways provided
in the HEADWAY Card, The number of lanes
should be coded as a decimal number (e.g.
2.1) to permit the user to adjust saturation
flows for narrow pavements and other restric-
tions,

Although the HEADWAY Card
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
calculating capacity,

is optional, fre-

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., However, this card can
only be used for pretimed control,

The MINGREEN Card is also optional but should
be used when minimum green times for pedes-
frian crossing are different than the default
values, The default values are 10 seconds
for protected left turns and 15 seconds for
thru movement for pretimed signals and zero
saconds for actuated signals,

The traffic volumes can be adjusted to re-
flect frucks and buses by use of the TRUCKS
Cards The program converts the percent of
trucks and buses to equivalent 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 fraf-
fic volumes. The user can apply factors to
each movement to reflect these changes,

In cases where the signa!l
part of a coordinated system of

being examined is
intersec-
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tions, the user can supply this information
on the PCF Card as a percent of traffic 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 more LINK Cards are
provided. However, PASSER |1 or MAXBAND
should be dased for optimizing (bandwidth)
coordination,

OPERATIONAL SUMMARY

SOAP is a complex program in its entirety,
however, the more resirictions the user in-
puts (eg. preselected signal sequences), the
fewer the calculations required. The opera-
tions and capabilities of SOAP are discussed
in this section,

SOAP has three inherent functions:

a) design,
b) analysis, and
c) evaluation,

To accomplish these functions it is necessary
to provide inputs mentioned briefly before,
To design signal timing It is necessary to
configure the intersection and input the ap-
propriate data, SOAP then produces all legi-
timate phasing patterns, It internally ana-
lyzes each pattern and selects the ones which
can be executed using the minimum amount of
green time. This design is returned to the
user,

The next step is dial assignment and timing.
A typical contfroller provides three dials
which allow up fo 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), |f any pattern is unassigned,
SOAP will do so, based on the traffic de~
mands. If actuated control is desired, no

pattern assignments are made and SOAP makes
its computations accordingly.



Cycle length
element to determine,

is the most difficult design
This is a particutarly
complex problem when severa! 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 optimization 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
var lous measures of effectiveness, MOE, which
are:

o delay,

o stops,

o excess fuel consumption,
o degree of saturation, and
o left=turn conflicts,

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 compar ison
of several alternative schemes, Compar isons
can be produced by SOAP automatically or the
user may make them of f-line, manually,

COMPUTATIONAL ALGOR]THMS

The salient MOE's produced by SOAP were iden-
tified above, The computational algorithms
to compute these measures are discussed in
the following paragraphs.

Delay is calculated using the wel! accepted
Webster's method (Reference 4.6) for unsatur-
ated flow under fixed-timed operations, The
Webster model has three components. The de-
lay due to uniform arrivals Is expressed as:

2
_cu=X
P E 200

4.1)
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Dy = delay due to uniform arrivals
(sec/veh),

C = cycle length (sec),

A = the proportion of green time given
to the movement (effective green
time/C), and

X = the degree of saturation of the

movement (v/cC).

The delay due to random arrivals, DZ' is,
X2
S — o2
2 = 0% “4.2)
where v = volume (veh/sec) and the rest as

before,

An adjustment factor, D3, is,

1/3[X(2 + 5))]
D, = ~0.65 —

3 2
v

(4.3)

which was developed empirically to provide a
better mathematical fit to field studies.
Webster's delay increases infinitely 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 lowing is used:

O = T (v = AS); (4.4)
where Q. = no. of vehicles not accommodated
during the green
T =time period (sec).
S = Saturation flow (veh/sec) and the
rest as before
The queue length at the end of the phase,
Qe» I8y
Qe = 9 + Or; (4.5)

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



Given these values the total delay, D, is,
T (4.6)
D= 5 (Qb + Qe)
For the region where saturation is between
0.975 and 1,0 no mode! existed., Since the

region is small, the assumption that delay is
constant was used, which was the Webster's
delay at v/c = 0,975, or 2 minutes, whichever
was less.

For actuated control, no reliable delay mode!
existed and this problem is extremely com
plex, 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 "well 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's method also. For fixed time oper-
ation the optimal cycle length, Co, is,
15 + 5
C = (4.7)
o 1~
where L = sum of all lost time due to start-
ing and stopping critical move-
ments, and
Y = overall degree of saturation (i.e.

the proportion of green time re-
quired for the movement of traf-
ficle

For actuated control the "cycle length" is
the average cycle length which ensures all
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 moderate demand
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range, C_ will always be Ilower than Co
and the difference is slack time necessary to
provide for the stochastic variation in de-
mand .

As the Iintersection approaches saturation,
actuated confrol approaches fixed time con-
trol, or C; Co = Cpaxe The estimate

of delay must account for the var ious sources
of delay as expressed in Webster's component

models. For reasons too lengthy fo discuss
here, the cycle length used in the first
(e.g. 6.1) and second (e.g. 6.2) terms are

as fol lows:

First Term Second Term

Fixed Time Co Co

Actuated Ca Crax

The proportion of vehicles required to stop,
P., 1is equal to +the number of vehicles
Joining the queue while it is still discharg-
ing, all divided by the number of arrivals
per cycle, or:

rs

=z e—m—— 4,
s C(s=v) .8

1]

where r length of red (sec.),
saturation flow during green (veh/

sec) and the rest as before,

Excess fuel consumption is computed from the
percentage of stops as fol fows:

(4.9)

where ES = gallons of fuel consumed due to

stops (gal/hr),

a = fuel consumption rate (gal/stop),
v = volume (veh/hr), and
P = percent of stops.

S

The excess fuel
Ed’ is:

consumption due to delay,

Eq =B v d/3600, (4.10)

where B= fuel consumption rate per veh-hr
of idling,

d = average vehicle delay (sec/veh),



and of course total consumption, E, is the
sum or ES and Ed'
The fuel consumption rates, OC and B are

based on studies by Claffy (Reference 4,7},

The v/c ratio is a reflection of the degree
of saturation of the intersection, For an
individual approach the degree of saturation,
X, is found by:

v
S

4.11)

S o
as previously defined,

Left-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-
flicts, none are computed. When the turning
vehicles may cross traffic there must be suf-
ficient gaps in the oncoming traffic. An ef~
fective left-turning saturation flow based on
Tanner's mode! (Reference 4.8) which relates
opposing flow to left turning flow is used.

Given the opposing flow, the left turn satur-
ation flow is taken from a curve and compared
to the left turn demand. Any "excess" demand
is the number of left turn conflicts, It is
recognized that many left turns are made at
the beginning or end of the red; thus the
left turn conflicts are not necessarily de-
nied their turn, but it is felt that this MOE
would indicate when (and where) enough ex~
cess left-turn maneuvers may occur that reme-
dial action might be warranted,

OUTPUT REPORTS

There are six types of outputs avallabie from
SOAP. FEach of these provide useful informa-
tion to the user,

Input Summary

The input data is echoed prior to execution
in a list similar to the one shown in Figure
20. Where appropriate, messages are included

so the user can verify that the action taken

1 | BEGIN 0700 1800 15 ASHLEY DR. E KENNEDY BLVD]|
2 | CASE 1 OPTIMAL DIAL & TIMING |
3 | TABLE 22 23 3% |
4 |PLOT 1 f
5 |PLOT 5 |
6 | LEFTURN 2.0 WE {
7 [CONTROL 2 0700 1 60 120 DIAL = 1 SEED |
*%% 309 xxx ALL RED PERIOD ASSUMED NOT TO EXIST
8 ]CONTROL & 0900 2 60 120 DIAL = 2 SEED |
*%x 309 »xx ALL RED PERIOD ASSUMED NOT TO EXIST
9 JCONTROL 2 1600 3 60 120 DIAL = 3 SEED |
%%% 309 %x* ALL RED PERIOD ASSUMED NOT TO EXIST
10 |HEADWAY 3.5 1.9 2,5 1,9 0 2.5 2.2 2.5 0 FIELD MEASUREMENTS |
*%% 302 %x% DEFAULT VALUE USED FOR SOUTHBOUND LEFT HEADWAY
%x% 302 %%* DEFAULT VALUE USED FOR WESTBOUND LEFT  HEADWAY
1A IMINGREEN 15 0 15 0 264 24 15 15 |
*¥%% 303 xxx MINIMUM GREEN VALUE FOR NORTHBOUND LEFT IS ZERO
%xx 303 %x¥ MINIMUM GREEN VALUE FOR SOUTHBOUND LEFT IS ZERO
12 IVOLUME 15 0700 39 0 128 0 0 56 42 1 1
41 JVOLUME 15 0730 12/ 10 286 i 0 27 2es 19 j
- 42 JVOLUME 15 1730 96 5 224 0 0 109 176 15 |
- 643 |VOLUME 15 1745 89 7 213 0 [ 79 116 10
44 JCAPACITY 9 0700 2.0 1.0 3.2 0 0 1.8 2.6 t LANE EQUIV. |
%%% 305 %x%¥ HORTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
XXX 305 %%% NORTHBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
%%x% 305 %x* SOUTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADUAYS
*¥% 304 %x%x SOUTHBOUND LEFT MOVEMENT ASSUMED NOT TQ EXIST
¥%¥X 304 %x%* EASTBOUND THRU  MOVEMENT ASSUMED NOT TQO EXIST
*#%% 305 *%x¥ EASTBOUND LEFT  CAPACITY WILL BE ESTIMATED USING DEPARTURE MEADMWAYS
%%¥ 305 %x* WESTBOUND THRU  CAPACITY WILL BE ESTIMATED USING DEPARTURF HFADUAYS
®x% 305 %xx WESTBOUND THRU CAPACLIY WILL BE ESIIMAIED USING DEPARIURE HEADUIAYS
x%% 305 %x* WESTBOUND LEFT  CAPACITY WILL BE ESTIMATED USING DEPARTURE HEALLAYS
46 {PCF 11 0700 .265 .265 .350 417 .417 PCF FOR SB EST ]
%% 311 %%% PCF VALUE NOT SPECIFIED FOR SOUTHBOUND LEFT ISOLATED OFERATION ASSUMED.
%x% 311 %x%¥ PCF VALUE NOT SPECIFIED FOR EASTBOUND THRU ISOLATED QPERATIOH ASSUMED.
*X% 311'!xx PCF VALUE NOT SPECIFIED FOR EASTBOUND LEFT ISOLATED OPERATION ASSUMED.
47 RUN 1 I

Figure 20,

Listing of SOAP Input Data
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by SOAP was as intended. The liberal use of
the comment card will assist the user in
recal ling the basis for the input data,

MOE Report

For each run a table of the numerical results
of the current run is output, An example is

shown in Figure 21, General and control
strategy information is found above the
table,.

Within the ftable 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 gallons, and
6, Left-turn conflicts.

All but the last are given separately for the

thru and left=turn movements for the four
directions.
Below this is a summary of items 1 (also in

average seconds/vehicle), 2, 5 and 6 for the
entire intersection, To the right of the
summary is the phasing diagram. The entries
in the phasing diagram correlate with Figure
18 as fol lows:

N = North A = Green
S = South T = Thru

E = East L = Left

W = West

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD

2 DIAL CONTROLLER:

ANALYSIS PERIOD: 700. TO 1800. PHASING: 1 PHASE NS, 2 PHASE EW.
LEFT TURNS - NORTH: NONE, SOUTH: NONE, EAST: REST, WEST: REST.
NORTH SOUTH EAST WEST
23 26 96 2 26 36 36 26 36 3 36 36 26 36 36 36 26 36 26 X 36 36 2 36 26 26 26 36 26 26 36 3 36 2 36 36 26 D6 26 36 26 36 36 J6 3 26 26 2 26 2 2 X6 3 2 36 3% 36 36 36 36 X 36 3 3 2 3 K 36 2 36 3 26 26 36 2 % X
* * * * * *
* DELAY T0O THRU (VEH-HRS) 6. % 22. % 0. % 31, %
* DELAY TO0 LEFT (VEH-HRS) * t. % 0., 23, ¥ 1. %
* * * % ¥* *
* % SATURATION THRU * 28. % 46, X 0. ¥ 69. X
* % SATURATION LEFT * 29. * 0. X 50. ¥ 9. x
* * * * * *
* MAX QUEUE TO THRU (VEH) ¥* 11, % 19. X 6. % 18. %
* MAX QUEUE TO LEFT (VEH) ¥ 1. % 0. ¥ 12. ¥ 1. %
* * * * * *
* % STOPS TO THRU * 34, % 52. % 0. % 74. ¥
* % STOPS TO LEFT * 36, x 0. % 84. % G4, %
* * * * * *
* EXCESS FUEL THRU (GAL) x 13, % 50. ¥ 0. 59. ¥
* EXCESS FUEL LEFT (GAL) % 2. ¥ 0. ¥ 43. X% 2. %
%* % * * * *
* LEFT TURN CONFLICTS * 0. % 0. X 0. 0. x
* * * * %*
3636 26 3 96 I 3 6 36 3 J6 36 3 36 2 26 I€ J6 3 36 36 3 3 26 36 I 6 36 I 36 36 JE 96 36 26 36 36 36 36 2 3 3¢ 36 J6 36 26 6 3 J 3 56 36 6 36 3 3 I6 3 3 3 K 36 I 2 3 3 2 36 96 36 3 3 3¢ 3¢ 3 6 % ¢
* * * * * * *
* SUMMARY ¥ PH 1% GREEN * GREEN ¥* %* *
* * PH 2% * * % LEFT THRU x
¥SECONDS PER VEH 16. % PH 3% * ¥ LEFT THRU X *
*TOTAL VEH~-HRS 84. % PH 4% * * * *
¥CRITICAL V/C 75. % PH 5% * * * *
*EXCESS FUEL(GAL) 167, % PH 6% * * * *
¥TURN CONFLICTS * * * * * i

696 26 3 26 3 26 5 3 3 3 6 26 3 36 3 3¢ 36 2 2 36 3 X 2 36 36 36 € 36 6 26 36 26 26 6 36 36 I X 36 3 6 I 2 26 3 J6 36 3 36 2 3 I 36 36 26 36 6 3¢ 36 3 I 3 36 36 2 I X 36 2 36 6 3 3¢ ¢ X %

Figure 21,
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3 56 3 I 36 36 2 X I 26 3 I I I 3 X I I I 3¢ 2 K I I X 3 5 3

* *
%* %6 %* *
* * 3 % * * * *
* % % % * %* *¥ % *
* * 3 X X X * E3 3.3.3.3. 3 *
%* XX %* %* X¥ X %*
¥ XN KX * 3 X X% % % * %* *
* KX * %* €3 % * *
* * * % 1 * * *
% 2 % * *
* * 3
3626 2 26 26 3 X I I 3 I X I 36 € 36 3 IE X 36 I 2 3 36 I 2 X X % *

OPPOSITE ROTATION EQUALLY ACCEPTABLE

Figure 22,

Design Recommendations

SOAP develops recommended designs based on
optimal flow as constrained by input para-
meters, There are two types of outputs for

recommended designs.

1. Phasing Patterns,

turns are

when protected left
specified for one or more
approaches, it is necessary to choose the
optimal phase patterns from several
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 design configuration so the
user may compare the MOE, A sample

phasing diagram is shown
The phase sequence
indicated as either:

in Figure 22.
in each pattern is

a. User specified,

b. Determined by analysis of progression
characteristics, or

Ccs Unimportant (i.e. opposite phase

sequence equally acceptable).

Timing Design. FEach design configuration
must be optimized in terms of cycle

6
%3
* %

5

% %
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OPPOSITE ROTATION EQUALLY ACCEPTABLE

SOAP Phasing Diagram Output

length, splits and patterns before the
MOE can be calculated, The result of the
optimization process is produced in a
table such as Figure 23. For each analy-
sis period, the table includes dial
number, cycle length and splits. Above
the table is general information and con-
trol strategy specifications, The
"PATTERN" entries indicate the possible
sequences resulting from the choices
available and are interpreted exactly as
discussed in the previous Section, In
this example 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 top of the table
indicates the particular phase sequencing
for this alternative (e.g. the NS, WE, and
EW).

When the control is actuated, an asterisk (¥)
will appear in the DIAL column and the cycle
length and splits are average for each per-
fod, The controller should be timed accord-
ingly to be "well timed."
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SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD

2 DIAL CONTROLLER:

PHASING: 1 PHASE NS, 2 PHASE EW. PATTERN: A NS, WE EW.
LOST TIME PER PHASE: 3.5, TOTAL LOST TIME: 10.5

LEFT TURNS ~ NORTH: NONE, SOUTH: NONE, EAST: REST, WEST: REST.
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* * PATTERN PHASES *
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Figure 23. SOAP Timing Report

TABLE NO. 22
CRITICAL VC FOR EACH PHASE
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Figure 24, Typical SOAP Intermediate Report
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Figure 26. SOAP Compar ison Summary Reports

Compar Ison Summar i es Diagnostic Messages
SOAP may be used to examine several different SOAP contains an extensive library of mes-
control strategies at an intersection. Each sages to inform the user of fatal errors in
alternative may generate up to four MOE the inputs; to alert the user to potential,
tables depending on the choice of phasing but non-fatal, errors; and to advise +the
patterns to handle left turns, To facilitate users of actions taken by SOAP, such as the
the comparison of +these alternatives, the use of default values in lieu of data which
user may request a separate summary of MOE's were not input. There are four (4) levelis of
following a series of runs, Figure 26 illus- messages, as fol lows:
trates the comparison summary, which includes
delay and excess fuel consumption. The 1« 100.level - fatal messages which must be
columns labeled "#1" through "#4" represent corrected before SOAP can execute. Exam
the different phasing patterns which were ples ae unrecognizable card name or
examined.: missing required cards or data, time per-
iods out of range, inconsistency in pat-
A second table gives the comparison of the tern names and left-turn specifications
"pbest" case designs. The output is obtained and incorrect parameters, to name a few,
by including a COMPARE card in the input deck There are a total of 32 errors at this
(after the last RUN card which is to be in- level,

cluded), Cases can be labeled by including
CASE card(s) in the deck.
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2, 200 level = warnings that the user may
wish to reconsider some aspect of his

inputs.

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

300 level = simply informing 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
assumed not to exist or that parameters
for a satellite signal were assumed to be
the same as the subject signai. There
are 19 of these messages.

4, 400 ievel
that witl

- these are high level messages
not generally occur except when
the user is highly proficient with SOAP
and is getting into the program itself,
To generate this level of messages, one
must use the Programmer's Manual (Refer-
ence 4.4) in lleu of the User's Manual
(Reference 4,3).

The placement of messages generalty occurs in
the input report at the location where SOAP
had to make a decision, see Figure 20, Once
an Input deck has been edited 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 (at levels 200-400). Fatal
error messages (level 100) are naturally
always printed,

ADDITIONAL FEATURES

The SOAP options are extensive in terms of

the design, configuration and control strate-
gies which can be analyzed or optimized. In
a previous section all the options were
identified, but to summarize, the following
options are available in SOAP (these are not
mutual ly exclusive),
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Analysis vs, design.

2. Existing preset timing vs. optimization,

3., Pretimed vs, actuated,

4, Protected vs., unprotected left-turns,

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

6., Preset vs, optimal phase sequencing,

7. Preset vs, optimal dial assignments,

8. Numerous input data VS, default
options,

9, Isolated vs, coordinated control.

10, Data check without execution,

The

coordinated control function, g, s
based on the delay~difference in offset
(Reference 4,8). It is not fruly an
interconnected arterial design capability,
but only estimtes the effect of adjacent
coordinated signals on the subject signat
(i.ee platooned arrivals), Chapter 6
dicusses PASSER i, (80), which is an

arterial progression design model and Chapter
9 discusses TRANSYT-7F, which is a system
optimization model. It would seem logical
to combine these to obtain total system
optimization, Such a model package my
soon be available from the FHWA, called
the "Arterial Analysis Package," or the AAP.
The AAP is being developed for FHWA by the
University of Florida Transportation Research
Center and PRC-Voorhees,

APPLICATIONS AND L IMITATIONS

As stated earlier, SOAP can be used to design
and/or analyze any standard traffic control
strategy for either pretimed or actuated
operations,s As such, it is limited primarily
in the same areas which the controller itself
is limiteds The analysis and optimization is
clear|ly based on mthematical approximetions
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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
intelligent controllers with microprocessor
"brains" which can be programmed to be ex-
tremely responsive to traffic in real time.
For instance, the combining of right turns
with thru traffic in SOAP presents some prob-
lems with accurate estimation of capacity.
This is not a severe l|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-line design tool for the
practicing signal design engineer.

EXAMPLE 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 following describes the
intersection location and the use of the SOAP
model to evaluate existing signal operation,

Problem Description

An aerial photograph of the example inter-
section is shown on Figure 27, This inter-
section, Ashley Drive and Kennedy Boulevard,
is located at the southwest boundary of
Tampat's CBD. Kennedy Boulevard is one of the
major access routes into the CBD from the
west while Ashiey Drive is the major access
route from the Interstate Highway to the
north connecting with the suburban areas.

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

Ashley Drive is a two-way highway with three
lanes In each direction divided by a 30 foot
landscaped median, Ashley Drive to the south
of Jackson Street continues as a four-lane
undivided roadway,

The intersection is presently controlled by a
five phase, full-actuated controller, How-
ever, at the present time it is under com-
puter supervision with a background cycle.
Pedestr ian push buttons are provided with
concurrent pedestrian timing. Thus it oper-
ates as if it was pretimed.

Even though the intersection is four-way,
arterial movements are prohibited due to the
one-way approach on Kennedy Boulevard, On
the north approach two through lanes are
present with a separate lane for right turns
while on the south approach two through lanes
are available with a separate lane for |left
turns. The west approach provides two lanes
for teft turning vehicles and one lane for
right turns. On the one-way east approach
two through lanes are provided with separate
lanes for both the left turns and the right

turns. In Florida, right turns on red are
permitted.
This intersection handles the largest number

of vehicles of al! 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 existing
conditions as a basis for evaluating alterna-
tivess The second is to obtain model results
in order to evaluate the credibility of the
results,
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The minimum data required to use SOAP are
lane geometry and tfurning movements, In
addition, information on signal +timing is
required to evaluate existing traffic opera-
tions, Normally these data are available in
the maintaining agency's files,

For this location a 1"=20' Intersection plan
was avallable showing existing geometric,
pavement markings and signs. A signal oper-
ating plan was also available as well 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
illustrates the lane geometric and summarizes
the pertinent operating conditions,

In order to evaluate the model's ability to
represent actual 1raffic operations It was
decided to conduct limited field studies to
determine if the model should be calibrated
to ensure the credibility of results, The
two areas which most affect these results are
headways and platoon concentfration 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, speclal studies may
be required. For this location 15 minute
observations were made on each approach dur-
ing the AM and PM tratfic period to determine
average headways.

Under normal conditions +the SOAP model
assumes isolated signal operation and vehicle
arrivals are assumed 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 arriving
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 for each
diale An estimate was made for the north
approach and random arrivals were assumed for
the west approach since the signal to the
west operates as an isolated actuated
signal,
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Figure 28 shows the coded input data for
existing conditions 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 for headways and

establishes platoon concenfration factors for

three approaches. A total of 51 lines of
code are used with 32 of these lines for
traffic movements,

For the Case 1 (Min. Data) four intermediate
tables and two plots 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 movements 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, Turning
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 for two time periods in
order to reflect the increase in capacity on
two approaches (southbound thru and westbound
Thru) during the PM peak hour due to the dif-
ference in right tfurns, 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 right
turning traffic removed from the thru counts,
However, one case (westbound right turn) re-
quired more time than the thru lanes and It
was necessary to reflect the need for this
time. in the other case (southbound right
turn) the right turn could ocaur during an
overlap period and the number of lanes have
been increased to reflect the lesser ftTime
required to accommodate through traffic. No
HEADWAY card was coded, therefore the capa-
clty will be based upon default values.

In order to reflect existing phasing and
splits, the existing card was used to specify
for east dial the phase sequence ("A" for all
north and south movements at one ftime, "W"
for westbound thru and left at one time and
"E" for eastbound thru and left at one time)
and their green times. Although the signal
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control ler 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
time signal.

Notice that it was necessary fo code the sig-
nal operation as a three phase signal. In
actual practice the minor movements on Phase
A (westbound left turns and eastbound right
turns) delayed to provide additiona! pedes-
trian clearance time for the south approach.
Phase C also cut short the same movement
(right fturns southbound and left turns north-
bound) to provide additional pedestrian
clearance time. Both of these phases (A2 &
C2) only operate when actuated by pedes-
trians, Since the SOAP mode! does not evalu-~
ate pedestrian actuation, it Is necessary to
provide minimum pedesfrian clearance that are
for Al and C1,

In order to more 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 (which changes the
default values used in Run 1 fo those speci-
fied) and again executes the run using all
the previous input data. In order to obtain
a comparison of the results between Case 1
and Case 2 a COMPARE card was included just
prior to the END card. Figure 29 illustrates
the output from this computer run, including
both cases,

Examination of the results of the output for
each case shows how the modification of de~
fault headways and the use of PCF factors
affect the vehicle operation on each ap-
proach, This is best illustrated from a com-
parison of the MOE reports which reflect the
changes that occur due to these modifica-
tions,

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

Case 1, which assumed random arrivals, 77% of
the northbound thru fraffic and 64% of the
southbound thru traffic stopped. Not very
good when you consider +that +the system
attempts to maximize progression along the
north-south route. 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 for eastbound traffic (left turn) the
percent stops remained virtually the same,
86% versus 84%.

The change due to modification in headways is
more difficult to see, However, one indica-
tion is in the percent of saturation flow for
each approach, Since the green time is the
same for both cases the change in percent
saturation flow is due solely to the change
in the time required between vehicles. For
instance, this was decreased for northbound
thru from 2.2 seconds (defauit) fo 1,9 and
the percent saturation flow decreased from
32% to 28%. On the other hand, headways for
westbound through was increased from 2.2 to
2.5 seconds and the percent saturation flow
increased from 614 to 69%.

Based upon a comparison of the results, it
appears that Case 2 conditlons more accurate-
ly reflect existing operation. Therefore
these conditions should be used in the evalu-
ation of alternatives. I1¥f one wishes +to
further verify the reasonableness of results,
additional field studies could 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 obtain
reasonable results has been identified it is
now possible to use SOAP to determine alter-
nate signal timing schemes and associated
measures of effectiveness, These alternate
schemes can then be compared with existing
signal timing to determine if an improvement
can be obtained. Figure 30 illustrates the
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36 36 36 36 36 2 36 36 26 26 36 2 36 3 36 36 I€ 36 36 26 3 36 I I I 36 3¢ HE 3E D 3 I 6 I I 36 3 JE D6 JEIE 36 IE IE 3¢ 36 I I 3 I I I 3¢ I I 3 2 K I I I I6 36 I 3 3 6 I I I 36 26 36 3 JE I H I I€ 36 JE 36 3 3 2 K I I I I 3 I I H ¢ K %

VERSION:
CARD #&

1.01

SO0 AP

PROGRAM

CARD FILE LIST
3636 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 26 36 36 36 36 36 96 36 36 26 36 36 36 36 26 36 26 36 26 36 36 36 3 36 26 36 JE 3 3 3 36 336 3 3 JEIE I 3 H 36 9 2 I I I I HH I 2 I K H 3 X I I I WK KK H MK

RELEASE: 1.04 - APR
UNIVERSITY OF FLORIDA

10, 1978 (MRL)

1 |BEGIN 0700 1800 15 ASHLEY DR. E KENNEDY BLVD
2 |CASE 1 EXIST . OPERS(MIN.DATA)
3 |TABLE 22 23 39 44
¢ |PLOT 1
5 |pLoOT 5
6  |LEFTURN A ME
7 |CONTROL 9 0700 1t 70 70
¥x% 309 ¥x% ALL RED PERIOD ASSUMED NOT TO EXIST
8  ICONTROL 2 1600 2 90 90 I
¥x¥ 309 ¥¥x ALL RED PERIOD_ASSUMED NOT TO EXIST
9" '|VOLUME 15 0700 39 0 128 0 0 56 42 1
10 |VOLUME 15 0715 49 0 215 0 0 57 127 9
11 |VOLUME 15 0730 79 0 283 0 0 8§ 152 6
12 |VOLUME 15 0745 116 4 35 0 0 108 196 3
13 |VOLUME 15 0800 81 8 240 0 0 133 211 5
1¢  |VOLUME 15 0835 118 7 341 6 0 102 203 15
15 |VOLUME 15 0830 114 5 270 0 0 113 150 12
16 |VOLUME 15 0845 79 4 259 0 0 111 149 6
17 |VOLUME 15 0900 70 13 229 0 0 98 188 7
18 |VOLUME 15 0915 67 & 195 @ 0 103 157 10
19 |VOLUME 15 0930 47 7 157 0 0 108 203 6
20 |VOLUME 150945 73 6 196 0 0 83 137 3
21 [VOLUME 15 1000 70 10 166 0 0 101 162 5
22 |VOLUME 15 1015 46 8 151 8 0 97 177 6
23 |VOLUME 15 1030 68 12 14 0 0 109 202 5
26 |VOLUME 15 1045 50 6 142 0 0 80 119 5
25 [VOLUME 15 1400 77 7 208 0 0 49 90 5
26 |VOLUME 15 1415 68 8 260 0 0 149 198 7
27 [VOLUME 15 1430 52 12 195 0 0 95 141 6
28 |VOLUME 15 1445 88 3 178 0 0 119 145 5
29 |VOLUME 15 1500 89 9 222 0 O 114 165 13
30 |VOLUME 15 1545 83 8 211 0 0 167 156 5
31 |VOLUME 15 1530 93 8 183 0 0 142 20¢ 7
32 |VOLUME 15 1545 80 10 225 0 0 108 189 5
33 |VOLUME 15 1680 102 14 224 0 0 136 216 15
3¢ |VOLUME 15 1615 98 7 15 0 0 120 180 &
35 |VOLUME 15 1630 91 & 250 0 0 140 192 10
36 |VOLUME 15 1645 100 & 253 0 0 141 197 11
37  |VOLUME 15 1700 158 10 278 0 0 168 244 10
38 |VOLUME 15 1715 127 10 286 0 0 127 227 14
39 |VOLUME 15 1730 96 5 226 0 0 109 176 15
40 |VOLUME 15 1745 89 7 213 0 0 79 116 10
41 |cAPACITY 9 0700 2.0 1.0 3.2 0 0 1.8 2.6 1 LANE EQUIV,
¥x% 305 ¥x% NORTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥¥% 305 *xx NORTHBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥x% 305 ¥x* SOUTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥x¥x 304 ¥x% SOUTHBOUND LEFT MOVEMENT ASSUMED NOT T0 EXIST
¥¥x 304 xx% EASTBOUND THRU ~ MOVEMENT ASSUMED NOT TO EXIST
¥xx 305 ¥xx EASTBOUND LEFT  CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥x% 305 ¥xx WESTBOUND THRU  CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥xx 305 ¥xx WESTBOUND LEFT  CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
42 "|CAPACITY 2 1600 2.0 1.0 3.3 6 0 1.8 2.9 1 LANE EQUIV, I
¥x% 305 %X% NORTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
%%% 305 ¥x% NORTHBOUND LEFT CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥%% 305 x%x SOUTHBOUND THRU CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥%% 304 ¥x¥% SOUTHBOUND LEFT MOVEMENT ASSUMED NOT TO EXIST
¥XX 306 ¥XX EASTBOUND THRU  MOVEMENT ASSUMED NOT TO EXIST
¥x% 305 ¥x% EASTBOUND LEFT  CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
¥x% 305 x¥% WESTBOUND THRU  CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
*¥xx 305 ¥x% WESTBOUND LEFT _ CAPACITY WILL BE ESTIMATED USING DEPARTURE HEADWAYS
43 "|EXISTING 9 6700 25 0 25 0 24 24 21 21A  WE |
¥XX 310 X¥X NORTHBOUND LEFT BOUND GREEN TIME ASSUMED TO BE ZEROQ
¥¥X 310 ¥XX SOUTHBOUND LEFT BOUND GREEN TIME ASSUMED TO BE ZERO
44 [EXISTING 2 1600 33 0 33 30 30 27 27A  WE [

¥%¥ 310 %xx NORTHBOUND LEFT
¥%% 310 %%x SCUTHBOUND LEFT
1

45

|RUN

Figure 29,

0
BOUND GREEN TIME
BOUND GREEN TIME

ASSUMED TG BE ZERO
ASSUMED TO BE ZERO

Example SOAP Output For Existing Conditions.
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362636 9636 36 36 6 2656 3 3 % 96 36 36 3 36 3 260K 3 266 23 HEIEIE 3 2 96 36 2362 96 36 6 3K 26 3 6 336 3 36 3 28 2 3E 363636 36 36 .26 36 26 9636 D 3629636 36 3 36 36 36 H 6 3 2 36 336 36 36 30 JE 36D 3 36 26 36 26 3 6 36 36 3 3
ANALYSIS OF TRAFFIC SIGNAL OPERATION
PROBLEM # 1 ASHLEY DR. E KENNEDY BLVD RUN & 1
xxuxxxxxxxxxxxxxlxxx*x*xxxxx*x*xixxxxixxxxxxxxxxxxxxxxxx*xxxxnxxxxxxxxxxxxxx!xixnxxxx*xxxi!xxxxxxi!xxxxu

¥xx% 212 ¥%% THE FOLLOWING MOVEMENTS WERE UNASSIGNED FOR THIS RUN:
MOVEMENT & 4 SOUTHBOUND LEFT
MOVEMENT & 5 EASTBOUND THRU
¥%% 211 ¥¥%x THE FOLLOWING PERIODS WERE UNASSIGNED FOR THIS RUN:
1100., 1115., 1130., 1145., 1200., 1215., 1230., 1245.,
1300., 1315., 1330., 1345.,
X% 213 %x% THE FOLLOWING UNASSIGNED PERIODS HAD DIALS ASSIGNED TO THEM:

1100., 1115., 1130., 1145., 1200., 1215., 1230., 12645.,
1300., 1315., 1330., 1345.,

363636 36 36 26 36 36 26 36 3 36 36 26 6 I JE 26 36 2 2 D 26 2 E JE 26 JE DE 26 3 I6 36 36 36 JE I I 26 36 JE 2 3 26 2 I 3 36 ¢ 26 26 36 36 36 36 DE I JE 2E 26 36 I 36 I 2 26 I 2 26 DI DE 6 I I 3 36 36 26 3 JE 3 I I HE 2 I 26 I 36 36 6 D6 36 3¢ 36 36 36 36 3 36 3 X

1 PHASE NS vs 2 PHASE EW
PATTERN % 1 (A ) PATTERN & 3 (WE ) ASHLEY DR. E KENNEDY BLVD

636 36 26 JE 26 26 6 26 36 26 X 36 JE 3 26 36 26 36 I 26 26 36 JE 36 36 36 IE 26 JE JE 26 6 36 26 2 JE 2 36 6 2 3 D HE 36 3K 36 3 36 6 JE 26 36 36 36 JE 26 3 36 JE 2 IE JEIE I 26 36 3 K 7€ 3 I 26 K JE 36 26 26 I HE I 3E 3 FE I IE I IE JE 3 3 26 3 I 3 H 36 3 I 334 %

TABLE NO. 22
CRITICAL VC FOR EACH PHASE

39636 36 06 36 363636 36 36 DE 36 JEIE 36 2636 203626 363636 362 36 26 3 2 266 36 I3 HE 2 62626 3 336 36 4 3 3036 36 3 2636 36 06 2636 2 D6 3 296 26 36 H 9 3 3 M0 3 93 3¢ 3
¥CRITY ¥ TIME % PHASE 1 % PHASE 2 % PHASE 3 % PHASE ¢ % PHASE 5 ¥ PHASE 6 *
369636 36 36 36 363636 36 262 36 36 6 D636 36 26 36 3 36 3636 36 26 36 36 3 D6V I 6 6 JE 2636 2 I 36 36 36 3 36 36 6 3 36 3 36 36 26 3 36 26 36 96 36 36 36 3636 36 36 36 26 36 36 .36 3 336 3 3 3 3 4 ¢ 3

* 1 % 700 % 0.098 x 0.039 x 0.086 % . * 0. * 0.0 *
*® 2 % 715 % 0.164 % 0.119 % 0.088 ¥ 0.0 * 0.0 * 0.0 ¥
*® 3 % 730 % 0.216 * 0.143 x 0.136 » 0.0 * 0.0 * 0.0 *
¥ 4 % 745 % 0.351 % 0.1864 x 0.167 X 6.9 * 0.0 * 6.0 X
* 5 % 3800 % 0.259 * 0.198 x 0.205 % 0.0 * 0.0 * 0.0 *
% 6 *» 815 % 0.387 % 0.191 % 0.157 % 0.0 * 0.0 % 0.0 *
* 7 % 830 % 0.259 * 0.161 » 0.174 % 0.0 * 0.0 % 0.0 *
* 8 x 865 % 0.239 % 0.140 x 0.171 % 0.0 * 0.0 * 0.0 *
* 9 % 900 % 0.294 % 0.177 0.151 % 0.0 * 0.0 * 0.0 *
¥ 10 % 915 ¥ 0.181 x 0.148 x 0.159 % 0.0 * 0.0 *® 0.0 *
% 11 % 930 % 0.165 % 0.191 % 0.167 % 0.0 * 0.0 * 0.0 *
* 12 * 9645 % 0.198 0.129 * 0.137 % 0.0 * 0.0 * 0.9 *
¥ 13 % 1000 X 0.194 % 0.152 * 0.156 » 0.0 * 6.0 ¥ 0.0 *
¥ 16 % 1015 % 0.165 * 0.166 % 0.150 % 0.0 * g.¢ * 0.0 *
¥ 15 x 1030 % 0.182 * 0.190 0.168 * 0.0 * 0.0 * 0.0 *
® 16 x 1045 % 0.146 % 0.112 % 0.123 9.0 * 0.0 * 0.0 *
¥ 29 x 1400 % 0.219 % 0.085 x 0.076 » g.0 * 0.0 * g.0 *
¥ 30 % 1415 ¥ 0.280 % 0.186 * 0.230 * 0.0 * 0.0 ¥ 0.0 *x
® 31 % 1430 % 0.246 * 0.133 x 0.147 % 8.0 * 0.0 * 0.0 *
X 32 % 1645 * 0.158 * 0.136 % 0.184¢ % 0.0 * 0.0 * 0.0 *
% 33 X 1500 % 0.250 x 0.155 x 0.176 % 0.0 * 0.0 * 0.0 *
® 36 ¥ 1515 % 0.230 x 0.147 % 0.165 % 0.0 * 0.0 * 0.0 *
% 35 % 1530 % 0.199 % 0.189 % 0.219 % 0.0 * 0.0 * 0.0 *
¥ 36 % 1565 % 0.262 % 0.178 x 0.167 % 0.0 ¥ 0.0 * 0.0 *
® 37 % 1600 X 0.292 % 0.182 0.210 * 0.0 * 0.0 * 0.0 *
% 33 % 1615 * 0.158 x 0.152 x 0.185 » 0.0 * 0.0 * 0.0 *
X 39 X 1630 % 0.266 % 0.162 % 0.216 % 0.0 * 0.0 * 0.0 *
® 40 X 1645 0.267 % 0.166 x 0.218 * 0.0 * 0.0 * 0.0 *
% 41 % 1700 % 0.316 * 0.206 % 0.259 % 0.0 * 0.0 * 0.0 *
% 62 % 1715 % 0.329 * 0.191 % 0.196 % 0.0 * 0.0 * 0.9 *
® 43 % 1730 * 0.211 % 0.148 x 0.168 % 0.0 * 0.Q * 0.0 *
¥ 44 1765 # 0,219 % 0.098 x 0.122 0.0 * 0.0 ¥ 6.0 *
636 36 6 36 336 JE I 36 26 36 I 36 D IEIE I I6 IE € I€ 3¢ 36 36 26 IE JE I IE I 36 3¢ I6 6 36 JE I I K IE 36 3 26 I I 36 K I 36 I IE I 26 I JE I I3 IE I I I 36 I I IE I I 36 29 2 I 3¢ H I N
TABLE NO. 23

Figure 29 (Cont'd). Example SOAP Output For Existing Conditions,
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TOTAL
382636 2636 36 3 3 266 D36 336 96 26 263 M 2333 2 %

636 36 D€ 36 36 6 26 I D I HE JE 3K 36 36 IE € 36 € 36 3 3¢ 36 3¢ 3¢

KM MK KK MK K K KKK K K KKK K KKK KKK X

x x x X
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36 36 36 3 3 36 36 2 D 2 2 6 DE D€ 5 I€ IE I I I I 26 3 3 3¢ 3

¥ YCAP ¥ TIME x

KKK K K K K K K K K X K K K K K K KK KK K K OK K K K K K XK X

SUM OF CRITICAL VC FOR ALL PHASES

YCAP - SUM OF CRITICAL VC FOR ALL PHASES

LI L R et T S T B i it St il Sttt S LT S

Pt bt et 0t

g

=

Pt et

St bt bl

t

g bt

Ittt b

Bt ety

et

et

.

e

4

T

4t et et

L]

R A R it e ettt s et D D e atat LT LR LT Bty

I I I I I
I 1 I I 1
I 1 1 I I
I I I 1 I

I
I
I
I

I I 1 1 1 I I I 1 1
1 1 1 I I 1 I 1 I I
1 1 1 1 I 1 1 I 1 I
1 I 1 I I I 1 1 1 I

0t e

P Y R R e R L e g e e et L e s DS S aant L DL e LD

et

bt bt g

It

Bt it

-

e

bt e g

Pttt

Pt et bt

Dot bt Bt e

T

Dt 1t h ped

Yty

+

+

+

+

+

+

2.10 #=m=—cdmme— e —d e e e mme o g

4 0t 0t g

Pt bt b g

-

Bt b 2t

et bt 2 et

Bt

L lalale)

Pt bt bt

O

e

et bt 1t Dt

ey

Bt bt et et

Yt ey

et 1t bt et

Blalaln]

Pt D 0t et

1 1 '
1 1 1
] ] 1
] ] ]
e e
i 1 t
] ] 1
] ] 1
' ' ]
] 1 ]
ot bt
] ] ]
' ] 1
I I ]
1 1 ]
] ] ]
dalalala bl ol oL
] ] ]
] ] 1
1 1 '
1 1 '
] ] 1
ot e
1 ] '
! 1 ]
] 1 ]
1 ] ]
] ' 1
+ ﬂ 1] ﬂ
1

] ] 1
] ] 1
] ] L]
1 I '
et e e
] ] '
] [} 1
' ] ]
] ' ]
] I ]
et et Bt
1 '

) ]

1 1

] ]

] '

O
1 1 '
1 1 ]
] ] 1
] [}

] ]
e
1 ]

[} 1

] '

t '

1 1

it
] ]

] ]

1 ]

] ]

] ]

O
] ]

' '

1 1

1 ]

] ]

e b
1 1

[} ]

] ]

] ]

' '
et
] 1 )
] ' 1
) t ]
1 1 ]
] ] 1
Pt e
t ! ]
t ] '
[l t (]
1 1 ]
] ] ]
bttt g et et
' ' 1
t 1 1
] 1 ]
1 ] '
' ' 1
At
! ] ]
1 ] ]
1 ] ]
] ' ]
] ' 1
et e
© o o
«© n o~

NI~ ~HOZT

i

ot Pt bt i

Pt et

iy

et et g

LT

bt b bl

ot 9t g

Yt

il

Bt bt g

Pt 0t =t g

et bt bt g

L]

et ey

-

et 4 Dt By

+

0.90 #+-—-=r~t-—w—cit-

Pt e 34 et

ot 0t et b4

Pt bt

i

Dt b ety

Pt g et

4t

LT

Pt 0t bt =t

bt bt bt

8 bt et et

Pt 3=

-

St 2t 0t 4

O S N s Dot TEE S

+

+

+
+

0.60 #-————4-c——cdac¥Yeod¥ooo—docmmc oo

0t et

>t

P bt

>

ey

lalala]

Pt St bt et

-y

=t =

ot bt et et

-ttt ey

oy

+

bt

1 1 1 1 I 1 1 I
1 I I I 1 1 I I
1 1 I I ) I I 1
1 I I I I I I I

1
1
1
1

1
1
I
1

et bt Dt ot

Iy

1
1
~0.00 #==mm—bommm—dmmooofoomemdommm— e oY AY—-Y-Y-Y-Y-Y-Y-Y-Y-Y-Y-+

[T T T e et e T S ey

+

+

4

+

45.0 48.0

36.0 39.0 42.0

33.0

27.0 30.9

24.0

21.0

18

PERIOD NUMBER
Example SOAP Output For Existing Condltions,

Figure 29 (Cont'd).

57



SOAP

<>rmo

wBDCOT MrrOHIMaS~

636 36 26 36 36 26 26 I I 3 I I JE 2 I I I 2 2 I3 2 I XK 3636 D6 JE I 26 D IE 36 3 36 I I D6 IE I X I I I3 I 26 3¢ 3 I 36 3¢ ¢ 3¢

* * * *
* x 6 * * * * * *
* * I % X * %* [ 2 1.1 7 % E3.2.3 *
* %% % * % L3 . I IEIEIEIEIEN N MM N 3636 3¢ 3¢ *
* * 3 3 2 X * 133332 201 ¥ KX NN K * *
* NN * * [ . 2 1 * * * 8§ x 6 % * *
¥ OHHNNRIHK * 2 9 3 3 ¥ * * * » %* AN *¥ X
* XX ¥ % 3% K * * 132,323 % OMHNIMNIENINNN
%* * * % 1 ¥ * * 3 %3¢ * 5 xM K
* 2 % * * * %* * *
* * * * *
36 3 3 I 3 3 3¢ 36 26 26 H 2 26 26 3 6 36 23 36 3K I I 36 3 26 36 X 6 36 3 36 26 2K 3E I 36 2 2 IE IE I 2 34 36 36 2 IE I D I I I I 3¢ 3¢ ¥ X

ROTATION BASED ON USER CHOICE ROTATION BASED ON USER CHOICE

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

369366 36 0K 20 26 2 26 3636 00626 06 33636 D362 36 9636 36 DI I K 3 HIEIE 3 33 36 362 JEDE 36 3 3EIE 36 3O I IE 266 636 36 33 36362 DD D6 36 36 6 I 6 DE I 36 226 36 6 36 36 36 D 36 6 36 36 3 36 36 3 3 3
% DEL % TIME ¥ 1 - NBT % 2 -~ NBL % 3 - SBT # &4 - SBL ¥ 5 - EBT % 6 - EBL % 7 - WBT % 8 - WBL %
360636 3636 06066 26 260 DK I 06 3 36 ICICH 3636 3 26336 36 2606 26 3 936 JE I 36 UEHEIE D 16 3636 2 JE 06 36 20636 36 38 D6 DK 36 96 36 36 36 36 36 DE D6 36 DEDE 36 JE 366 36 36 D966 363 06 336 36 3636 36 3636 36 3 36 36 36 3 3 X

* 1 % 700 % 0.180 x 0.0 * 0.630 * 0.0 * 0. * 0.291 x 0.226 * 0.005 x
* 2 % 715 x 0.231 % 0.0 %* 1.183 % 0.0 * 0.0 * 0.297 x 0.787 % 0.0648
* 3 % 730 x 0.395 % 0.0 * 1.762 x 0.0 * 0.0 * 0.507 % 0.995 x 0.032 *
* 4 % 765 ¥ 0.631 x 0.133 x 2.962 % 0.0 * 0.0 * 0.675 % 1.6478 % 0.016 x
* 5 x 800 x 0.406 % 0.079 x 1.374 % 0.0 * 0.0 * 0.956 * 1.718 % 0.026 x
* 6 % 815 x 0.645 X% 0.233 * 2.578 x 0.0 * 0.0 * 0.621 % 1.582 x 0.084 %
* 7 % 830 % 0.617 x 0.047 % 1,636 % 0.0 * 0.0 * 0.723 x 0.978 0.066 ¥
* 8 % 845 ¥% 0.395 x 0.032 % 1.534 % 0.0 * 0.0 * 0.704 X 0.969 x 0.032 %
* 9 % 900 x 0.343 % 0.178 x 1.287 % 0.0 * 0.0 * 0.587 x* 1.372 % 0.037 %
* 10 % 915 % 0.327 ¥ 0.025 % 1.0642 % 0.0 * 0.0 * 0.630 x 1.041 0.056 x
® 11 % 930 % 0.221 % 0.061 % 0.799 % 0.8 * 0.0 * 0.675 * 1.582 » 0.032 x
* 12 % 945 x 0.360 x 0.041 % 1.069 % 0.0 * 0.0 * 0.515 » 0.867 x 0.0643 X%
¥ 13 % 1000 x 0.343 % 6.067 0.854 x 0.0 * 0.0 * 0.612 x 1.089 * 0.026 x
¥ 16 X 1015 * 0.215 % 0.047 x 0.763 * 0.0 * 0.0 * 8.579 x 1.2643 ¥ 0.032 %
¥ 15 % 1030 x 0.332 * 0.076 % 0.721 % 6.0 * 0.0 * 0.685 x 1.566 x 0.026 x
® 16 % 10645 * 0.236 x 0.033 x 0.710 x 0.0 * 0.0 * 0.448 x 0.726 * 0.026 x
¥ 29 X 16400 ¥ 0.383 % 0,053 % 1.132 % 9.0 * 0.0 * 0.250 x 0.52% x 0.026
* 30 % 1415 x 0.332 x 0.094 x 1.543 % 0.0 * 0.0 * 1.227 % 1.506 * 0.037 %
® 31 % 1430 x* 0.2646 X 0.109 % 1,062 % 0.0 * 0.0 * 0.562 x 0.900 x* 0.032 x
* 32 % 16445 x% 0.648 % 0.017 % 0.930 x* 0.0 * 0.0 * 0.786 % 0.934 x 0.026 *
* 33 % 1500 x 0.456 0.084 1.234 % 0.0 * 8.0 * 0.733 x 1.118 % 0.072 x
* 36 % 1515 x 0.418 % 0.065 * 1.154 % 0.0 * 0.0 * 0.666 % 1.032 % 0.026 x
¥ 35 X 1530 % 0.479 * 0.055 x 0.962 x 0.0 * 0.0 * 1.094 % 1.551 ¥ 0.037 x
* 36 ¥ 1545 x 0.400 x 0.102 % 1.257 % 0.0 * 0.0 * 0.675 * 1.385 0.026 x
% 37 % 1600 x* 0.6646 % 8.211 % 1.485 * 0.0 * 0.0 * 1,227 % 1.900 »= 0.105
* 38 X 1615 % 0.616 ¥ 0.051 * 0.9%64 x 0.0 * 0.0 * 0.994 * 1.466 * 0.026 x
® 39 ¥ 1630 % 0.564 * 0.096 x 1.714 % 0.8 * 0.0 * 1.297 % 1.600 x 0.068 x
* 60 X 1645 % 0.631 % 0.098 % 1,742 x .0 * 0.0 *x 1.315 * 1.659 % 0.075 x
* 41 % 1700 % 1.141 % 0.199 »* 1.984 % 0.0 * 6.0 * 2.138 * 2.363 % 0.068 x
* 62 % 1715 x 0.848 % 0.263 x 2.067 X 0.0 * 6.0 * 1.089 x 2.058 ¥ 0.097 %
¥ 63 % 1730 % 0.601 0.046 x 1.485 % 0.0 * 0.0 * 0.861 % 1.423 % 0.105 %
¥ 44 X 1745 % 0.5649 % 0.065 % 1,396 % 0.0 * 0.0 * 0.563 x .856 0.068 x
XXl!)ﬂ‘)(l!)(*)()()()(*X)()()(K*KK)‘X)(XXlK)0(Xillx**!*)‘xll!l!*lxl*&iXK*IK!X!!)(K*l*XKKXX!KX!!!lxll!liill!llll!ll*!*l

TOTAL INTERSECTION DELAY BY PERIOD

25.00 +----- $o-—— 4 +-- + + + + + + + + + P L et $m———— -
1 I 1 1 1 1 1 1 1 1 I I 1 I I I 1
1 1 1 I 1 I I I I I I I 1 I I I I
1 I I I I 1 I 1 I I I 1 1 I I 1 1
1 1 1 1 I 1 1 1 I 1 1 I I 1 I I 1
22.50 +=-=-- 4o Fome—— - 4 oo +- + + + 4o $omm—— $om—ee 4= oo - 4o
1 1 1 I 1 I I 1 I I 1 I 1 I 1 I I
I 1 1 I 1 I 1 I I 1 1 1 I I I 1 1
I I b I 1 1 1 1 1 I 1 I 1 I 1 I I
I I I I I I 1 1 1 1 1 1 I 1 1 1 T
1 I I I 1 1 1 I 1 I I 1 I 1 ID I 1
7.50 +----- 4= 4o 4= - 4o 4 4o 4o $o———- oo fom——— - $o—m 4o 4o $om——
1 I I 1 1 I 1 I I I I I I I I I I
1 I I I 1 1 I 1 I I 1 I 1 I I D1 I
I 1D 1 1 1 I I 1 1 1 I 1 1 I 1 1 I
1 I D I 1 1 1 1 I 1 1 1 1 DI D DI I 1
5.00 4----= $rm——— te———— b e dmm———— Fommmr - tom——— $om——— $o—— $o——— $m———— $m———— $mm———— o ———— o
1 DI 1 I 1 I 1 I 1 ID 1 1 I 1 D I
1 1 I D ID I 1 I I 1 1 1 b IDD ID I I I
1 D 1 D1 DI ID 1 1 1 1 1 I DDI I I ID I
I I I 1 D IDD DI I I 1 1 I DID I I 1 1 I
2.50 #---D-4-=-== e t—— dmn——— 4o + + + 4=====D - fom——— pomm— $oom—— to—eo $em—=
1 I I 1 I D1 1 1 I I I 1 I 1 I I
1D e 1 I I 1 1 1 I I I I I 1 1 I I
1 1 I 1 1 1 1 I 1 1 1 1 1 I I 1 1
1 1 I I I 1 1 1 1 1 1 1 I I I I I
0.0 +----- 4o $omm—— oo 4= 4-==-D4D--D-D-D~D=-D-D-D-D-D=D~4-=-==d-=m==t o + + +

0.0 3.0 6.0 9.0 12.0 15.0 18.0 21.0 264.0 27.0 30.0 33.0 36.0 39.0 42.0 45.0 43.0

PERIOD NUMBER
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TABLE NO.
CALCULATED PROPORTION OF VEHICLES STOPED

XkX*¥X*KXXXXK!*x****lKXX*X!!X!!X!XX*KK!XKXX*XX!KXXX!X!XX*X*KK**XX!XXX*lXXK*!!XX%X!XX!X!*!X*XK!XX!K!X*IK

% STOP % TIME % 1 ~ NBT % 2 - NBL ¥ 3 - SBT % 4 - SBL ¥ 5 - EBT ¥ 6 - EBL ¥ 7 - WBT % 8 - WBL X
*&lXXl!liXXXXXXXX*!XX!XX*X*Xl!!!X*%XXKN!XX*!*!NXXXXKX*N!!*XX!lXXXXXXK!XX!X*XXX*!XX*XKX!*X*X*!XXX**X*X!*
* 1t % 700 % 0.728 % 0.72¢6 0.768 % 0. * 0.0 * 0.774 % 0.781 % .752 %
* 2 x 715 % 0.737 % 0.782 % 0.829 x 0.0 * 0.0 * 0.775 % 0.852 % 0.769 *
* 3 % 730 x 0.767 % 0.827 % 0.884¢ % 0.0 * 0.0 * 0.818 % 0.875 % 0.763 x
* 4 % 7645 x 0.807 % 0.949 % 0.952 % 0.8 * 0.0 * 0.849 X% 0.919 % 0.756 %
* 5 % 800 % 0.769 % 0.364 % 0.848 % 0.0 * 0.0 * 0.890 0.936 x 0.761 %
* 6 x 815 x 0.810 % 0.990 x 0.937 % 0.8 * 0.0 * 0.839 % 0.927 % 0.783 %
* 7 % 830 x 0.805 % 0.866 0.873 x 0.0 * 0.0 * 0.857 x 0.873 x 0.776 %
* 8 % 8645 x 0.767 * 0.845 0.864 ¥ 8.0 * 0.0 * 0.853 x 0.872 % 0.763 %
* 9 % 900 x 0.758 % 0.898 x 0.840 * 0.0 * 0.0 * 0.833 % 0.911 % 0.765 %
¥ 10 % 915 % 0.755 % 8.795 % 0.814¢ 0.0 %* 0.0 * 0.861 % 0.880 x* 0.771 %
¥ 11 % 930 % 0.735 % 0.780 * 0.787 0.0 * 6.0 * 0.849 % 0.927 % 0.763 %
¥ 12 % 945 % 0.761 % 0.809 x 0.815 % 0.0 * 0.0 * 0.820 * 0.861 % 0.767 »
¥ 13 % 1000 x 0.758 % 0.805 % 0.793 % 0.0 * 0.0 * 0.838 x 0.885 x 0.761 x
¥ 14 % 1015 x 0.736 % 0.779 % 0,783 % 0.0 * 0.0 * 0.832 % 0.900 x 0.763 %
¥ 15 % 1030 % 0.756 % 0.793 x 0.778 x 0.0 * 0.0 * 0.850 x 0.926 0.761 %
¥ 16 x 1045 x 0.738 % 0.762 % 0.777 % 6.0 * 0.0 * 0.807 % 0.844 x* 0.761 %
* 29 % 1400 0.765 % 0.827 % 0.824 % 0.0 * 0.0 * 0.765 0.819 % 0.761 %
* 30 ¥ 1415 x 0.756 * 0.884 0.865 * 0.0 * 0.0 * 0.918 % 0.922 * 0.765 x
¥ 31 % 1430 % 0.740 % 0.852 x 0.814 % 6.0 * 6.0 * 0.829 % 0.865 x 0.763 x
¥ 32 % 164645 x 0.776 % 0.775 % 0.802 0.0 * 0.0 * 0.866 % 0.868 x 0.761 %
¥ 33 x 1500 x 0.777 % 0.856 x 0.836 % 0.0 * 0.0 * 0.858 x 0.388 x 0.778 %
X 34 x 1515 x 0.771 % 0.838 % 0.826 % 0.0 * 0.0 * 0.847 % 0.879 % 0.761 %
¥ 35 x 1530 % 0.782 % 0.810 0.805 % 6.0 * 0.9 * 0.906 % 0.925 x 0.765 %
¥ 36 X% 1545 x 0.768 % 0.867 x* 0.837 x 0.0 * 0.0 * 0.849 X 0.912 x 0.761 %
¥ 37 % 1600 x 0.768 x 0.892 0.806 % 0.0 * 0.0 * 0.893 x 0.903 x 8.771 x
% 38 % 1615 % 0.764 % 0.768 % 0.759 g.0 * 0.0 * 0.866 % 0.871 % 0.7647 %
¥ 39 x 1630 % 0.756 * 0.865 % 0.825 % 0.0 * 0.0 * 0.900 X 0.882 x 0.760 x
X 40 % 1645 X% 0.766 % 0.868 x 0.827 0.0 * 0.0 * 0.902 % 0.886 x 0.762 x
¥ 41 x 1700 x 0.833 x 0.916 x 0.847 0.0 * 0.0 * 0.952 x 0.930 x 0.760 x
¥ 42 % 1715 x 0.796 » 0.929 x 0.853 x 0.0 * 0.0 * 0.878 % 8.914 x 0.769 %
¥ 63 ¥ 1730 x 0.762 % 0.817 % 0.806 ¥ 0.8 * 0.0 * 0.848 * 0.868 x 0.771 %
¥ 46 % 1765 % 754 % 0.823 * 0.798 x 0.0 * 0.0 0.804 819 x 0.760 %
X!XXXK*X*XXll**xXXXKK*!!XX!XX!!XX*XXX!XXXX*KX!XX!XX*XXKK*!!X!XKX**!NXXX*XXXX*KX*XX!X!XXX*!X*K!X*!X!!XK*

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD

2 DIAL CONTROLLER:

PHASING: 1 PHASE NS, 2 PHASE EM. PATTERN: A NS, KE EW.
LOST TIME PER PHASE: 3.5, TOTAL LOST TIME: 16.5

LEFT TURNS - NORTH: NONE, SOUTH: NONE, EAST: REST, MWEST: REST.

xxxxxxaexxxxxxxx;(xxxxxxxuxx*xx*xx*xxlxxxx*xxx*xxxx!xnxxxxxxxxxxxxxxuxxxx
PATTERN PHASES

x MOVEMENTS xxlxxxxxxxxxxxxxxx!xxx!ixxxxxxxxx&xxxxxx!nx
* ¥ PH t ¥ PH 2 ¥ PH 3 ¥ PH 4 ¥ PH 5 % PH 6 %
36963636 36X JE I I U636 3 2 23 36 3 6 2336 36 36 36 36 J6 36 36 2 36 396 3 6 26 36 36 6 36 36 36 36 36 36 36 36 3 3 36 36 3 3 26 36 36 6 36 36 3 36 3 2 36 3 3 36 36 38 3 % X
* %* * * * * * *
* NORTHBOUND THRU % XXXX % * »* ¥ * #*
* LEFT * XXXX % ¥ * * ¥ %
* SOUTHBOUND THRU * XXXX * * * * * *
* LEFT * XXXX % * * * * *
* EASTBOUND THRY * * * XXXX * * * *
* LEFT * * ® XXXX * * * *
* WESTBOUND THRY * * XXXX * * * * *
* LEFT * * XXXX % * * * *
% * * * % * % *

369606 26636 36 36 36 36 326 36 36 36 36 36 36 36263636 36 36 96 3636 26 2636 D6 JE 36 336 36 26 3 4 36 3 36 9636 26 36 36 3 6 363 36 26 36 36 0 6 26 36 36 36 3 36 3 6 26 3 3¢ ¢ 3¢

* TIME ¥ * * PERCENT OF CYCLE TO EACH PHASE *

HIIIENENRININ DIAL % CYCLE 33260 0305 32 H 26 336 2K 33 336 I3 3 1 3606 36 3 D6 3 36 36 3 363 3 36 3 3 2 36 3¢

¥ FROM x T0O x PH 1 % PH 2 ¥ PH 3 % PH ¢ X PH 5 % PH 6 %

363636 36 2636 36 3636 36 36 3 36 36 36 36 36 D6 D3I H 26 I 3636 36 33 36D 336 3 36 36 3 3 H 3 2036 3 36 K H 36 3 36 36 36 3 36 36 3 3 36 3 3636 33 36
700 7

*

* 00 x 15 % 1 % 70.0 % 35.7 % 30.0 % 36,3 ¥ 0.0 0.0 ¥ 0.0 x
® 715 % 730 % 1% 70.0 % 35.7 % 30,0 % 36.3 % 0.0 ¥ 0.0 0.0 %
¥ 730 ¥ 745 % 1% 70.0 % 35.7 % 30.0 % 34.3 % 0.0 0.0 % 0.0 x
% 745 x 800 x t % 70.0 % 35.7 % 30.0 % 364.3 % 0.0 % 0.0 x 0.0 x
* 800 ¥ 815 x% 1% 70,0 % 35,7 % 30.0 % 34,3 % 0,0 % 0.0 x 0.0 x
¥ 815 % 830 x 1 % 70.0 % 35.7 % 30.0 % 34.3 % 0.0 0.0 % 0.0 %
% 830 % 845 % 1% 70,0 % 35,7 % 30.0 % 36.3 % 0.0 0.0 x 0.0
¥ 845 % 900 x 1% 70,0 % 35.7 % 30.0 % 34.3 ¥ 0.0 ¥ 0.0 x 0.0 %
¥ 900 * 915 x 1t % 70.0 % 35.7 % 30.0 % 36.3 % 0,0 % 0.0 x 0.0 %
¥ 915 % 930 X% 1% 70.0 % 35.7 % 30,0 % 3¢.3 % 0.0 % 0,0 ¥ 0.0 %
* 930 % 945 x 1% 70,0 % 35.7 % 30,0 % 36,3 % 0.0 0.0 x 0.0 %
¥ 945 % 1000 » 1 % 70.0 % 35.7 % 30.0 % 36.3 % 0.0 ¥ 0.0 x 0.0 %
2 ABANA x 4N4R ¥ t ¥ 7Ih N ¥ IR 7 ¥ XN N ¥ 6T ¥ N AKX 0.0 x 0.0 %
* 1545 % 1600 * 1 % 70,0 % 35.7 % 30.0 % 3.5 % 0.0 %X UYU.U % U.U =»
¥ 1600 % 1615 % 2% 90.0 % 36.7 % 30.0 % 33.3 x 0.0 ¥ 0.0 x 0.0 x
* 1615 % 1630 * 2 % 90.0 % 36.7 % 30.0 33,3 x 0.0 % 0.0 x 0.0 %
* 1630 % 1645 % 2 % 90.0 % 36.7 % 30.0 * 33.3 % 0.0 ¥ 0.0 0.0 »
¥ 1645 % 1700 % 2 % 90.0 % 36.7 % 30.0 % 33.3 % 0.0 ¥ 0.0 % 0.0 »
% 1700 % 1715 * 2 % 90.0 % 36.7 % 30.0 * 33,3 ¥ 0.0 ¥ 0.0 ¥ 0.0 x
¥ 1715 % 1730 % 2 % 90.0 % 36.7 % 30.0 ¥ 33.3 % 0.0 ¥ 0.0 % 0.0 x
¥ 1730 % 1745 % 2 % 90.0 % 36.7 % 30.0 % 33,3 % 0.0 % 0.0 ¥ 0.0 %
% 1745 % 1800 % 2 90.0 % 36.7 % 30.0 % 33,3 x 0.0 ¥ 0.0 ¥ 0.0 %
XXK!!XXKKXXXXXXIX!XXl!x!l!!*l!!ll*llXX!KKX*kl!!lxlX!K*X!XNXX!!X!XXKKXK!I
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SOAP

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD
2 DIAL CONTROLLER:

ANALYSIS PERIOD: 700. TO 1800. PHASING: 1 PHASE NS, 2 PHASE ENW.
LEFT TURNS - NORTH: NONE, SOUTH: NONE, EAST: REST, WEST: REST.
NORTH SOUTH EAST WEST

3636 36 D6 DE D636 26 I€ 36 36 IEIE I I HE I HEIE IE I DE I IE I I IE € I 326 36 HEE I I I K 3 3 36 3K 36 HE I 2 36 36 I 36 I I6 X I JE 36 36 I 36 36 26 6 36 96 3 36 3 3¢ I 9 36 3 2 6 36 K 6 %

* * * * * *
* DELAY TO THRU (VEH-HRS) ¥ 15, % 43, % 0. X 40, x
* DELAY TO LEFT (VEH-HRS) # 3. % 0. X 25. * . %
* * % * * *
* % SATURATION THRU * 32. x® 53. % 0. x 61 *
* % SATURATION LEFT % 32. * 0. % 57. % %
* * * * * *
* MAX QUEUE TO THRU (VEH) x 11, % 19. X 0. x 18. %
* MAX QUEUE TO LEFT (VEH) % 1. % 0. ¥ 12. % 1. %
* * * * * *
* % STOPS 70 THRU * 77. ¥ 86. x 0., * 89. ¥
% X STOPS TO LEFT * 85. % 0. % 86. X 77. %
* * * * * *
* EXCESS FUEL THRU (GAL) x 29. X 85. X 0. X 73. %
* EXCESS FUEL LEFT (GAL) % G, % 0. % 45, x 3. X%
% % * * * *
* LEFT TURN CONFLICTS * 0. x 0. 0. x 0. x
* * * * *
P36 D6 DE DG IE D 3K D626 X6 234 36 36 3K 36 3E 36 D€ 36 36 36 DE I 26 D26 33 D6 36 D6 3 36 D6 6 D6 2E 36 36 36 36 36 2 3E 3 36 36 36 3¢ 36 36 I 36 26 3 36 26 2 36 36 36 6 36 3 3¢ 36 36 96 36 5 3¢ 36 3 3¢ %
* * * * % * %
* SUMMARY % PH 13 GREEN % GREEN * 3* *®
* ¥ PH 2x * * ¥ LEFT THRU »
XSECONDS PER VEH 24. % PH 3x% * ¥ LEFT THRU % *
®TOTAL -VEH-HRS 127. % PH 4% * * * *
¥CRITICAL V/C 78. % PH 5% * * * *
¥EXCESS FUEL(GAL) 238. % PH 6% * * ¥* *
¥TURN CONFLICTS 0. % * * * * *
D36 36 3 D6 2EDE I 26 36 DEHE D6 D6 26 36 3 DEJE 26 26 36 6D 36 D6 26 D DE I 6 JE D6 D6 262 36 36 3E 2 26 2 36 96 3 3 36 36 6 36 36 36 3 JE 36 26 26 36 36 36 3 26 36 36 36 6 6 26 36 4 36 6 D 36 3¢ 36 3¢ ¢ 36

63636 36 36 26 36 DE I 36 36 2 26 26 5 36 3 HE 36 36 26 6 JE JE JE JE U6 IE I I HE 6 JE 26 3E 3 36 26 2 I I I I 2 ] E I I I 26 26 2 I I 3¢ H JE I 26 IE 26 3 I I I I 36 3E 2 2 2 2 2 H I I W N IE 36 I 36 2 26 2 3 M K

VERSION: 1.01% SO0AP PROGRAM
CARD & CARD FILE LIST
36 3 3636 26 36 3636 D D66 236 263 266 32 63K 96 I IE 1K 36 36 I DEIE K 36 36 26 I3 356 I 2 263 3 2 9636 36 36 36 26 36 36 3 3336 3 36 2K 36 3 3 3 9636 3 36 36 3 3 3¢ 36 26 36 3¢
46 CASE 2 EXIST. OPERS.(ACT.HDWY)
47 HEADWAY 3.5 1.9 2.5 1.9 9 0 2.2 2.5 2.5 FLELD MEASUREMENTS

%%% 302 ¥¥% DEFAULT VALUE USED FOR SOUTHBOUND LEFT HEADWAY
®X¥ 302 %x% DEFAULT VALUE USED FOR EASTBOUND THRU  HEADWAY

48 IPCF t1 0708 .265 .265 .350 .417 .617 PCF FOR SB ESTIMATED |
%% 311 xx% PCF VALUE NOT SPECIFIED FOR SOUTHBOUND LEFT . ISOLATED OPERATION ASSUMED.
%% 341 x%x PCF VALUE NOT SPECIFIED FOR EASTBOUND YHRU . ISOLATED OPERATION ASSUMED.

{1 ] 3111!¥! PCF VALUE NOT SPECIFIED FOR EASTBOUND LEFT . ISOLATED OPERATION ASSUMED.

49 RUN 2

369636636 D6 26 36 26366 32 3626 3 36 26 23363 396 36 36 6 3 3K 6 36 29 3636 D6 DG 96 3 3E I D36 3 3 6 36 26 26 3 36 36 26 96 36 26 3 26 26 3 3 6 36 26 36 3 3 6 26 26 36 36 36 J I 26 3 3¢ 3 I 26 3¢ 36 3 3 2 3
ANALYSIS OF TRAFFIC SIGNAL OPERATION

PROBLEM ¢ 1 ASHLEY DR. E KENNEDY BLVD RUN & 2
3636 36 96 36 26 3 36 36 36 96 36 36 D6 26 36 36 JE 2 D36 36 36 363 3 3 36 36 2 26 36 36 26 36 36 3 36 2 I I 3 3 3 36 IE 3 3 36 3 36 36 36 36 26 3¢ 36 96 36 36 3 36 3 36 2 26 2 3 36 3 3 I 2 3 3 363 3 36 3 3 3 36 96 3¢ 3¢ 3¢ ¢

wxup 212 %¥% THE FOLLOWING MOVEMENTS WERE UNASSIGNED FOR THIS RUN:

MOVEMENT & ¢4 SOUTHBOUND LEFT
MOVEMENT & 5 EASTBOUND THRU

wx 211 %xx THE FOLLOWING PERIODS WERE UNASSIGNED FOR THIS RUN:
1100., 1115,, 1130., 1145., 1200., 1215., 1230., 1245.,
1300., 1315., 1330., 1345.,
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Table No. 22
CRITICAL VC FOR EACH PHASE

TABLE NO. 23
SUM OF CRITICAL VC FOR ALL PHASES

YCAF -~ SUM OF CRITICAL VC FOR ALL PHASES

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

TOTAL INTERSECTION DELAY BY PERIOD

Tables & Plots Omitted for case 2
SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD

2 DIAL CONTROLLER:

PHASING: 1 PHASE NS, 2 PHASE EW. PATTERN: A NS, WE EW.
LOST TIME PER PHASE: 3.5, TOTAL LOST TIME: 10.5

LEFT TURNS - NORTH: NONE, SOUTH: NONE, EAST: REST, MWEST: REST.

6 3 26 36 36 I I€ I IE I JE I I I I I € I IE I JE JE IE IE IE IE I JE I IE I JE I K I 36 I H I I I I 36 I I I I I JE I I I JE 36 IE I 36 36 I I I I I I€ JE 36 I I I X6 3¢ %

* * PATTERN PHASES *
* MOVEMENTS 3636 36 36 2 3 3636 36 26 3 36 I 26 I 3 36 I 96 I 3 I I 26 56 3 26 I 2 33 I I 26 2 3 X 96 36 3 26 % %
*  PH 1 ¥ PH 2 % PH 3 % PH ¢ ¥ PH 5 ¥ PH 6
36363636 36 36 36 36 2 36 36 36 HE 36 26 36 36 36 36 3K JE 36 96 36 3 36 36 26 36 3 3 36 36 36 3 I 26 6 3 56 26 3K 36 26 I 36 3K 3 36 I 3 36 3 K 36 3 3 26 36 56 3 3 26 9 I 3 3 26 X % 36 %
* * * * * * * *
* NORTHBOUND THRU * XXXX % * * * * *
* LEFT *® XXXX % ¥ * % * ¥
X SOUTHBOUND THRU * XXXX % * * * % *
% LEFT * XXXX % * ¥* * * *
* EASTBOUND  THRU * ® * XXXX % * * %*
* LEFT * * ¥ XXXX % X * *
* WESTBOUND  THRU Y *® XXXX 3 * * * *
* LEFT * ¥ XXXX * * * * *
% % * * * * * *
36 36 36 36 3 36 36 36 36 36 36 36 36 36 6 36 26 36 36 36 36 36 36 I 36 36 26 36 3 3 JE IE 6 3 D6 26 26 36 56 36 2 36 3 36 26 36 6 3 36 36 36 36 36 36 36 26 36 36 36 3 36 3 36 3¢ 36 36 3¢ 3 ¢ % %
* TIME %* %* * PERCENT OF CYCLE TO EACH PHASE *
HHHHHNNHKHHHNHNN DIAL 3 CYCLE 333636333696 3 3 3 36 3 3 36 36 96 36 3 3 36 3 36 36 3¢ 36 36 36 36 3626 36 X 3 3 36 3¢ 3 3 3 6 % 3
* FROM ¥ TO0 X ¥ ¥ PH 1 X PH 2 ¥ PH 3 ¥ PH 4 % PH 5 % PH 6 x
336 2696 36 36 3 36 36 36 3 3 36 36 3 3 36 36 36 3 36 36 36 36 36 36 36 36 JE X6 I 36 36 3 36 36 36 I I 36 36 36 36 36 36 36 36 36 36 36 36 3 36 26 I I K J6 36 36 36 3 26 2 36 36 3 3 X 3¢ % ¢
% 700 % 715 x 1t % 70,0  35.7 % 30.0 % 34.3 ¥ 0.0 ¥ 0.0 * 0.0 *
¥ 715 % 730 x 1 % 70.0 % 35,7 % 30.0 % 34.3 0.0 ¥ 0.0 * 0.0
¥ 730 % 745 x 1 % 70.0 % 35.7 % 30.0 % 34,3 ¥ 0.0 * 0.0 x 0.0 x
¥ 745 % 800 x 1% 70.0 % 35,7 % 30.0 % 34.3 ¥ 0.0 ¥ 0.0 x 0.0 x
¥ 800 % 815 x 1% 70.0 % 35.7 % 30.0 % 34.3 ¥ 0.0 0,0 ¥ 0.0

~

¥ 1730 * 1745 x 2 % 90,0 ¥ 36.7 * 30.0 ¥ 33.3 x 0.0 * 0.0 * 0.0 %
% 1745 % 1800 ¥ 2 ¥ 90.0 % 36,7 % 30.0 % 33.3 x 0.0 ¥ 0.0 * 0,0 %
96 36 36 96 36 6 36 36 36 3 3 3 36 36 6 3 3 36 36 36 3¢ 36 36 6 I 36 36 9 JE 36 36 D6 36 3 3E 36 96 I 36 36 3 36 36 3 2 2 36 36 3 36 36 36 36 3 36 36 36 3 36 2 36 36 3 3K 6 3 3 3¢ % %

Figure 29 (Cont'd). Example SOAP Output For Existing Condlitions,
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*suoj4|puog Bujysixa 404 nd4n0 QvOS ojdwexa  *(p,4uoQ) 6Z @nby4

(3333333333833 3833333333333 3333333333333 3338333333333 3333233832320 23 0833,

1S3aM lsv3 HiNOS H1YON

*L683¥ :183M “1s3¥ :1Sv3

‘M3 3SVHd ¢ ‘SN 3ASVYHd :ONISVHd

JOI0HD ¥3sSn NO g3svd NOILVLIOd

133333333333 3323 333823333323 32 L

® ] *
* 3 *® * *
x KX s % LM »*
% OHMIENIINMNINHN X 1 3.3.3.3 %
x X XHHN XK * *
* ] X 9 x 8 % * *
»* %* L3R 3.2, x¥ X
* 3626 2 2% % HONMMNIONMNNNHN X
* %% *x L xx %
* x % * ]
% * *
t33.333333.3333333.33.33 833833338338

A9 AGINNIN 3

% * * % %* x "0 SLOIT4ANOD NNl
* % * * %9 Hd % *£91  (1v9)13Nd $S33X3Ax
* * b *® %G Hd »x °"6¢L I/7h IVIILINOx%
* % * % %b Hd x b8 SUH-HIA ViO0Lx
* ¥ A¥HL 1437 % * %E Hd % '9¢ H3A ¥33d SANO0J3Sx
¥ NAHL 1437 x % * %2 Hd % *
% % % NIIY9 * N33Y9 %l Hd * AAVUWWNS *
* * ] * % * *
2696 36 3 D6 26 36 26 36 36 6 36 26 36 26 26 € 26 36 D6 36 36 36 3 36 6 6 36 3€ 36 36 26 36 3 36 3 36 26 36 36 36 36 36 36 3 36 26 36 36 36 36 36 26 26 36 26 36 36 26 26 36 26 26 36 36 26 I 36 JE 2 26 36 26 36 I 3 )6t
* * * * * *
x ‘0 x ‘0 x 0 x "0 % S10I14N0D NiNL 1431 *
* * * %* * %
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x °69 * °0 X 99 x °g¢ 3 NAHL NOILVAENLYS % %
% * % * % *
x ®x "€2 x °0 x % (S¥H-H3IA) 1431 01 Av1i3d %
X ‘i€ * "0 ® ‘22 x °9 % (SYH-H3IA) NYHL 0L AvVI34 *
% *x * x * *
36 36 26 36 D6 36 36 36 36 36 € 96 36 3 36 J6 36 36 2 36 26 26 36 I 26 36 2 26 36 6 26 26 6 26 36 26 26 26 36 26 26 7 26 X 36 76 36 2 36 36 JE 36 26 36 36 26 26 96 26 2 26 36 36 26 20 26 2 6 )6 3 2 3 IO H 2 K
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3 6 7€ 36 36 7€ € I 36 2 I JE 2K JE I JE HE I 36 26 26 36 I 3¢ € X 26 2 %

* *
* x ¢ *
* * [ S % *
%* %% % | x¥e %
* * %32 % % ® t3 3.3 3.3 B
x XX * * L3 .
L3R 3313 3] * ¥ % % * 3
¥ XX ¥ X 3.3 *
* % ¥ %X € * *
* b % *
% *
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36963016 26 3636 HE K 3696 36 2 06 3636 36 2636 3 6 6963 336 6 23 3 D63 3 696 369 I3 36 I 336 5K 26 26 2 6 26 D636 K 6 236 K 366 63 JEKE 3K 36 336 36 3 36 36 263 363 3 33K 34 38 I 26 36 3 36 36 3 3 36 3 36 363 3 6 36 3 36 3 3 3 36 3¢ 3 36 3 X 3¢ 3¢
VERSION: 1.01 SO0AP PROGRAM RELEASE: 1.04 - APR 10, 1978 (MRL)

CARD # CARD FILE LIST UNIVERSITY OF FLORIDA
P DE36 6 3636 3636 2D D60 36 36 36 3 23636 3636 3636 M 366 I 3636 D636 366 063 2363 IE5E I 3 36 3 36 3 336 06 3 I K 6 2636 336 D3 HEJE 36 6 26 36 .36 6 36 3 2 36 363 56 6 36 36 3 36 26 36 3 3 D 36 3 26 36 6 36 36 36 36 3 26 3 36 36 36 6 36 36 3 3

50 | COMPARE ALL CASES |

SYSTEM SUMMARY SHEET

SYSTEM ALTERNATIVES SUMMARY

636 36 26 2636 26 36 36 3 I6 2 I I 36 IE 36 I IE 36 3 IE I IE JE I IE HE I I I I 3 3K I I I I I I I I I K I 3 3¢ I I I I I 326 3 3¢ 36 36 2 3036 3 3 36 36 3 2 36 ¢

* * *
n TOTAL DELAY x EXCESS FUEL x
xxxx*x*xxxxxxxxxxxxuxxxxxxnxxxnxxxxxnxxxxxxxnxxxxxxxxxxxxuxxxxx%xxxxxxxxxx!xxixxxxxxxxxxxxuxxxixuxnxxxxxxx!x
* *
% PROB * RUN x INTERSECTION * $ 1 * & 2 X $ 3 i( & ¢ * $ 1 x # 2 ! 3 X | 2 *
* * * * * * * *
ux*xxxuxkx*xxxxxxxxxxxuxxxxxxxxuuxxxxxxnmxxxxxxxxxxxxxxxxxxxxxxxx*xxxxxxxxxxxxxxxxxxxxxxxxxnxxxxxxuxnxuxun
* * *
* 1 % 1 l ASHLEY DR. E KENNEDY BLVD * 127. * * * ¥ 237.6 X * ! *
* * * * * * * * * *
* 1 x 2 * ASHLEY DR. E KENNEDY BLVD x 864.0 x * * x 167.0 n * * %
* * * ¥ * * *
xxxuxxxxxxxxxxxxxxuxxxxxxxxxxxxxxxuxxnxuxxn:xxxxxxxxxuxxxxxxuxxxxx&xxxxﬁxxxxxxxxxxxxxxxxnxxxxxxxxxxnxxxxxxxxx

COMPARISON 0F CASE SYSTEMS

3636 36 96 36 HE 36 363 I I IE 26362 6 36 66K 36 26 2 26 96 96 3636 3636 36 I 3 36 966 36 I 6 36 36 96 36 36 36 26 D336 3636 3 3 363 6 3¢ 36 36 36 36 96 96 36 H 3 96 26 96 36 9 3 3 3 6 ¢ 36 3 K
* * * * *
¥ CASE &% x CASE NAME * TOTAL DELAY * EXCESS FUEL *
* * * * *
36 96 36 36 96 36 36 3 2 IE 3 32 3 36 26 36 26 6 H 36 36 36 36 36 36 3 3 3 36 36 6 36 36 26 2 36 36 36 36 26 N I 36 I 36 36 36 I 2 363 23 3 I 3 6 26 I 36 96 2 36 3 36 3 2 3 36 3 2 3E X ¢
* * * * *
* 1 ¥ EXIST . OPERS(MIN.DATA) * 127 .14 * 237.61 *
* * X * *
* 2 ¥ EXIST. OPERS.(ACT.HDWY) * 84.00 * 167.00 *
* * * * *
* *

3 26 36 36 X 3K J€ FE D6 I I I IE 3 I I 3 I I I I 3 IE I I I I I 26 36 I 36 FE I I I I IE 36 3 I I I I I HE I I K I 36 3 H K I I I I IEIK I I I I 36 I I IE I H I I I K M

BRI IENEI EIEIEIEH I IEIEK 26 26 23636 226 36 I6 26 3 3 I 33 I DI IEIEIE I3 3 33K 36 36 D 26 36 2 26 26 3 36 36 36 36 36 I 356 3 D6 36 36 36 3 36 36 3636 3 36 36 363 3 36 3 36 36 36 96 36 36 3 36 36 36 36 6 2 36 36 36 36 3 X 36 3 H 36 3 3 6 236 3 3 9 3 %
VERSION: 1.01 SOAP PROGRAM RELEASE: 1.04 - APR 10, 1978 (MRL)

CARD # CARD FILE LIST UNIVERSITY OF FLORIDA
36360636 6 36 3636 36 96 36 3 I3 3 26 336 332 IHE I DEIEK I K DI I I I 2 3 6 36 36 36 3626 36 26 3 26 36 96 236 D6 2636 36 H 36 I3 I 3 3656 96 13 6 26 36 36 36 3 D I3 3 3 36 36 3 3 3 36 6 96 36 36 3 3 36 36 3 36 3 2 36 3 36 36 3 6 3¢

51 | END I

I IE 3636 2 IEI I NN NHININNNN NN NORMAL SOAP TERMINATION 35636 3 36 3 3¢ 36 X 36 36 36 3 3¢ 3 36 3 3¢ 96 3 3¢ 36 36 6 3¢

Figure 29 (Cont'd). Example SOAP Output For Existing Conditions.
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input data required for the SCAP model +to
define and analyze various alternatives.

One altfernative which may result in improved
traffic flow is to look at the potential
benefits of a three dial system. Typically
the AM peak traffic hour has different demand
characteristics than of f=peak fraffic 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 resuilt in improved opera=-
tion at this intersection. Therefore one
alternative (Case |) is to determine optimal
three dial operation and cycle length under
fixed time control,

In order for the SOAP model to define and
analyze a three-dial operation the user must
include a separate control card for 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 option +to
establish the time each dial goes into effect
and the minimum length of time it will remain
in operation, In the example this was speci-
fied since the intersection is part of a
signal system. However, the user could leave
the time in length unspecified and the model
will determine which dial and cycle fength is
best for each time per iod.

Figure 31 illustrates the timing and MOE
reports for the two best variations of signal
operations under three~dial control, One
solution is for a three-phase pattern which
uses a 75 second cycle for the AM peak
period, 60 second cycle for off peak and 70
second cycle for the PM peak period, The
second solution is for four phase operation.
Both the AM and PM periods have the same
cycle length, 75 seconds, but the splits 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 full
actuated operation. To evaluate this alter-

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 pedesirian clearance
and mode! default value for maximum 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 practical were the three
phase and four phase operations. Again,
there is little difference in the MOE'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 Resuits

A comparative analysis between alternatives
is an optional report from the SOAP model,
Figure 33 illustrates this comparison table
for the example problem,

Case 1, the optimum three dial operation has
virtually the same values for the two MOE'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 partially as a demonsira-
tion of the model's ability tfo estimte
optimum MOE's attainable,

Case 2, full actuation, is slightly better
than the fixed time operation, However, it
is not possible to attain this tevel due to
the fact that the signal is part of a signal
system and the platoon concentration factor
(PCF) assumed that the subject signal would
have the same cycle length as the system.
Obviously, operating this signal independent-
ly of the system would result in considerable
var iation in the PCF, Therefore, the MOE's
are higher than would realistically be
achieved under full-actuation,

In summary, the evaluation of the results of
SOAP indicate that little improvement can be
obtained on the existing two dial operation.
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SIGNAL OPERATION FOR:

ASHLEY DR,

E KENNEDY BLYD

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD

3 DIAL CONTROLLER: 3 DIAL COMTROLLER:
PHASING: 1 PHASE NS, 3 PHASE EW. PATTERN: A NS, ETW EW. PHASING: 1 PHASE NS, 2 PHASE EW. PATTERN: A NS, EW EW.
LDST TIME PER PHASE: 3.5,  TJOTAL LOST TIME:  10.3 LOST TIME PER PHASE: 3.5, TOTAL LOST TIME:  10.5
LEFT TURNS — NORTH: WOME, SOUTH: HOME, EAST: REST, MWEST: RESY. LEFT TURNS - NORTH: NONE, SOUTH: NONE, E€AST: REST, WEST: REST.
. MOVEMENTS AL 1 H " " ' x PATTERN PHASES v
VE! 3
* % PH 1 % PH 2 % PH 3 X PH & % PH 5 X PH 6 ¥ x X PH | X PH 2 X PH 3 % PH 4 % PH 5 X PH 6 1
* * L] * L] » L3 L] * * * * * L] * *
X NORTHBOUND {'é';l" ot H 4 X x o 1 NORTHBOUND THRU ¥ XXXX % M 9 M M M
» SOUTHBOUND THRU ¥ XXXX % x x x M x * SOUTHBOUND THRU ¥ X0 X . x x . p
* LEFT % 0Xx * x L " * * » EFT % XXXX X * x x * x
* EASTBOUND  THRU % % XXXX ¥ XXXX % M X x M EASTBOUND THRU  000¢ % 4 M ¥ x
* EFT * 000X * * * * » » EFT * % XXX x X x M
I WESTBOUND  THRU X " % XXXX ® XXXX X u % x T8
M THRY % . x e WESTBOUND THRU  x n x XXXX % x * "
x x M M X % o - * LEFT % * x XXXX * x % M
* » » L] X * * * ] » * ]
X e s 1AL ¥ oveLe N PERCENT OF CYCLE TO EACH PHASE B oot DaL  ovele PERCENT OF CYCLE TO EACH PHASE M
X FROM ¥ To ¥ ¥ % PH 1 % PH 2 % PH 3 X PH & X PH 5 % PH 6 1 X FROM ® 10 % PH 1 % PH 2 X PH S % PH 4 W PH 5 % PH 6 »
% 700 % 715 w 1% 75,0 % 36.0 % 36.6 % .2 % 20.2 % . » .
PRI A A A S R R R RS R T S T A A SN S S S X366 276 % 0.0 0.0% 0.0
% 730 % 745 1% 7500 % 36.0 % 7.2 %2002 % 0.0 % 6.0 N ¥ 730 % 745 x HB S B x 36, Jo4w 0.0 % 0.0 % 20k
% 745 % 800 % 1% 75,0 % 360 % % 7.2 %2002 % 0.0 % M % 748 % 800 x MR35 S %366 X 27.4 % 0.0 % 00K 0.0u
% 800 % BiS Xt X 75.0 % 36.0 x X 7.2%20.2% 0.6 % 0.0 S-S+ S N4 5 ¥ 36.6x27.6x 0.0% 0.0x 0.0x
% 815 K B30 % 1 % 75.0 % 36.0 % % 7.2 M20.2% 0.0 % 0.0% S-S R £ *36.6 %276 % 0.0 M 0.0% "
X B30 % 845 x 1 K 750 % 36.0 X X 72 K20.2K 0.0 % 0.0 % -2 T3 S S 37 4 % 36.6 %274 0.0% 0.0% 0.0x
% 845 % 900 % 1 % 750 X 36.0 X X 7.2 %2002 K 0.0 % 00K PR+ S+ S £ 5 S % 6.6 X 2T.4 % 0.0 % 0.6 % 0.0%
% 900 % 915 x ® 70,0 % 299 * X 6.2 %22.9% 0.0 % 0.0k . ¥ 9 -9 " 36.6 x 27.4 ¥ *x 0.0 0.0«
* 915 % 930 x X 70,0 % 29.9 ¥ M %2 X 00 % 00N 90 915 * 2% 60.0 % 41,0 ¥ 291 ¥ ®x 0.0 0.0 x
X 930 % 985 X % 700 % 2909 % X e Zm229x%x 00 M 0 * 915 % 930 % 2% 60,0 % * 41,0 ® 29,1 % ¥ 0.0 % 0.0
% 943 K 1000 ¥ % 7070 % 299 x x 2N nﬂ- " .0: %930 % 945 x 2% 0.0 % 41,0 %29 4 K X 0.0 %x 0.0 w
S 5 So + ] ISR 0 X 62wz % 00N 0.0 X 945 % 1000 x 2 X 60.0 X X 4100 % 2901 M * 0.0 x 0.8
X 1015 % 1030 x X 7000 % 29.9 % v SENiaN o x o * 1000 X 1015 % 2% 60,0 MG1.0 ¥ 29,1 M ¥ 0.0 0.0n
* 1030 % 1045 x* % 70,0 % 29.9 x AT S S A S S * 1015 % 1030 w2 % 60.0 ¥ X 63,0 % 29.1 % % 00 0.0«
X 1045 % 1106 % 2 % 70.0 % 29.9 X W5 S 3 S R % 1030 ¥ 1045 x 2 % 60.0 % % 1.0 % 2901 % * 0.0 X 0.0 x
X 1400 % 1415 * 1% 75.0 % 360 % M 72 M20.2% 0.0 % ot ::23 :::1;: f: (7»‘0: ¥ 41.0 % 29,1 K * NE N
% 1415 K 1430 % 3 X 75.0 ® 34.8 % W 8 3mZ07 M 00X 0D % N800 x tarsw 1w 750 % 36.6 % 27.6 x x 00 % 0.0
% 1630 % 1435 % 2 % 70.0 % 29.9 » ¥ 6.2 %22.9% 0.0 % » ¥ 1430 W 1445 x 2 % 69ig M % 36.2 %289 x 60w 0.0x
¥ 1485 % 1500 * W 70,0 % 2909 x X €2%x22.9% 00K 00X b+ SIS S &o ¥ 00w 0.0
X 1500 % 1515 % W75.0 ® 36,8 % X 8.3 %20.7 % 0.0 X * X 1500 % 1395 x 3w 7000 x X362 x ;;: X 0o 0ox
R ER S E TR RS I SRR TR pEEiay snoasianiiiiily e nen o
%1343 % e % 7500 % 3418 % * x 2007 x 00 * % 1555 % 1600 x 3 % 7000 x SR » b e oo
% 1600 ® 1615 » x 7 * 3408 % n % 20.7 % 010w x % 1600 % 1615 x HIMERS % 36.2 % 28.9 % 0.0 X 0.0 % 0.0x
6 1615 ® 16 oon * 38.2 % 28.9 » L0 % oo .0 %
. 1630 ¥ 1648 % MRS S MY . HE R R M X 1613 W 1630 x 3 x 70.0 % X 3672 %289 % 0.0 % 0.0 % 0.0
X 1645 ¥ 1700 % 7 x 34.8 % % X 2007 % 0.0 % . X 1630 % 1683 ¥ 3% 70,0 % % 3621 28.9% 0.0 % 0.0% 0.0x
% 1700 % 1715 % X 75.0 % 36.8 ® ® %2007 % 0.0 % M 1645 * 1700 * 3% 70.0 % % 36.2%28.9 % D.0 % 0.0 N 0.0 x
w1715 % 1730 3 W 750 % 3618w M ¥ 2007 % 0.0 # 1 LRI RIS S S %362 k28,9 % 0.0 % 0.00 0.0
e R E e R et POMEHEL MEIESIHIIAGL G o b
W 1765 % 1800 % 3 W 75.0 X 34.8 x * * 20.7 % 0.0 % * ¥ 1745 % 1300 % 3 M 70.0 % X362 %289 00 o0 n 0.0x
SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD SIGNAL OPERATION FOR: ASHLEY DR, E KENNEDY BLVD
3 DIAL CONTROLLER: 3 DIAL CONTROLLER:
ANALYSIS PERIOD: 700. TO 1800, PHASING: | PHASE NS, 3 PHASE EW. ANALYSIS PERIOD: 700. TO 1800. PHASING: 1 PHASE NS, 2 PHASE EW.
LEFTY TURNS - NORTH: NONE, SOUTH: NONE, EAST: REST, MWEST: REST. LEFY TURNS - MORTH: NONE, SOUTH: NONE, EAST: REST, WEST: REST.
NORTH SOUTH EAST WEST NORTH SOUTH EAST WEST
»
» * * L] L] * » L] L} * * "
* DELAY TO THRU (VEH-HRS) ¥ 6. 22. % 0. % 5. % * DELAY TO THRU (VEH-HRS) x 6. » 21, ® 0. ® 36,
x DELAY TO LEFT (VEH-HRS) X 3 ox [ 200 w ox ¥ DELAY TO LEFT (VEH-HRS) » 30« 0. x 19, % o
» * * » » * " * L] » L] ]
* X SATURATION THRU x 30, * sy, X 0. 72. % " X SATURATION THRU * 31w 51, ® 0. » 73, %
] X SATURATION LEFT x s2. x 0l &5. » 12, % * X SATURATION LEFT * 430w 0. x a6, x 3w
" * * * » " * * * * * "
* MAX QUEUE YD THRU (VEH) % 9. % 20. % . 15. % » MAX QUEUE TO THRU (VEH) x 9. x 20, » 0. ® 16, »
] MAX QUEUE TO LEFT (VEH) X .o 0. n 10, = 1. % » MAX QUEUE TO LEFT (VEW) * 1. » 0. 9. = 1, 0u
»® * * L] * L] * » L} » * "
* x STOPS 70 THRU x 35, * 56, % 0. x 76. - X STOPS TO THRYU * 35. % 56, x 0. x 7.
u % STOPS TO LEFT x a6 x ol * 8o, W a6 x * x STOPS TO LEFT * a7l x 0. x 81, 5. %
n * * * L) * * * * * " "
® EXCESS FUEL THRU (GAL) 13, 0% 51, * 0. % 62. * EXCESS FUEL THRU (GAL) ¥ 1500w s1. ® 0. 63. ®
* EXCESS FUEL LEFT (GAL) X 3 = Do 390 % 2. * EXCESS FUEL LEFT (GAL) 30« Lo 39, % 2. 0w
* * * L] L] * Ld * * * ] *
) LEFT TURN CONFLICTS * o 0. » 0. 0. x - LEFT TURN CONFLICTS x now 0. «x 0. 0. %
" L] L * * * " * » * * "
L] »* * * L] »* * " * »* L] L] * L]
% SUMMARY X PH IN  GREEN ® GREEN X x * W SUMMARY X PH 1x  GREEN X  GREEN x ®
- X PH 2% * * LEFT THRU X * x RIED 1 * LEFT THRU ¥ *
XSECONDS PER VEM  16. X PH 3% * » THRY % THRU * XSECONDS PER VEW  16. X PH 3x » M ¥ LEFT THRU #
*TOTAL VEH-HRS 87. % PH 4x 1 x % LEFT THRU » NTOTAL VEH-HRS 85. % PH 4% M M M M
®CRITICAL V/C 77. % PH Sx M x - * *CRITICAL ¥/C 770 % PH S x » M "
%EXCESS FUEL(GAL) 170 X PH éX " * * » XEXCESS FUEL(GAL) 170. % PH 6x * M " »
*TURN CONFLICTS [ x x x " x *TURN CONFLICTS 1% n * M . x
Figure 31, Example SOAP Output for Alternate 3 Dial Operation (Case 1).
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SUAP

SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD SIGNAL OPERATIOM FOR: ASHLEY DR, E KENNEDY BLVD

ACTUATED CONTROLLER: ACTUATED CONTROLLER:

PHASING: 1 PHASE NS, 2 PHASE EM. PATYERN: A NS, EW EW, PHASING: 1 PHASE NS, 3 PHASE EW. PATTERN: A NS, ETW EW.

LOST TIME PER PHASE: 3.5, TOFAL LOST TIME: 10.5 LOST TIME PER PHASE: 3.5, TOTAL LOSY TIME: 10.5

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

* * PATTERN PHASES * * » PATTERN PHASES »

* MOVEMENTS FHMHNN * MOVEMENTS )

* % PH 1 ® PH 2 XPH 3 NPHG *PHS ®PHG6 X * *PH 1 % PH ZXPH 3 *PHGXPHS5 XPH 6 X

* * * * * * *® * * * » * * * * *

» NORTHBOUND THRY ® XXXX * * * x * * ® NORTHBOUND THRU * XXXX *® * * * * "

* LEFY ® XXXX W * » *® * * » LEFT ® XXXX % » * " * »

" SOUTHBOUND THRY * XXXX * » * » * * SOUTHBOUND THRU * XXXX % * * » * »*

* EFT % XXXX * " * " * * FT ® XXXX % * , X » * »

» EASTBOUND THRU " nOXXXX * » * » * * EASTBOUND THRY * * XXXX * XXXX % " * »

* LEFT * *OXXXX % » * * * * LEFT * ® XXXX * * * * »

» WESTBOUND THRY L] * * XXXX * * * x * WESTBOUND THRU d * * OXXXX ¥ XXXX M * »

» LEFT * * * XXXX % * * * * LEFT * * * * XXXX % * *

L] * * * » * * * * * »* * * * * *

* TIME * * » PERCENT OF CYCLE 7O EACH PHASE * »* TINE * * * PERCENT OF CYCLE TO EACH PHASE *

HMANKHRHNUANMNN DIAL ¥ CYCLE wwaan DIAL ¥ CYCLE

X FROM YO X » % PH 1 % PH 2 % PH 3 K PH 4 X PH 5 % PH 6 % *® FROM % TQ * » %X PH 1 X PH 2 % PH S % PH G % PH 5 % PH 6 %

¥ 700 X 715 M Mxax % 67.0 ® 31,7 % 38.7 % 29.6 % 0% 0.0 k0.0 % ® 700 % 15 % XM % 67.0 ¥ 51,7 ¥ 38.7 % 2.6 ® 27.2 % L00% 0.0 %

¥ 715 X 730 % MXNX % 74,0 M 32.6 ¥ 35.5 M 31.9 % L0 DO X 0.0 % ® 715 * 30 X% EKX K 74.0 X 32,6 % 35,5 % 7.8 K 26.0 ¥ 200% 0.0 %

X730 K 745 X WXxk % 75,2 % 32.6 X 35.1 K 32.3 % 0.0 K 0.0 x 0.0 x ¥ 730 % 745 x xxM ¥ 75.2 % 32,6 N 35,1 % 12,0 % 20.3 % 0.0 x 0.0 ¥

X 765 X BOO M MxkK x 88,7 % 38.6 % 32,2 K 29.2 % 0.0 % 0.0 % §.0 % ® 745 % 800 M xwk ¥ 887 ¥ 3B.6 M 32,2 X 12.9 ¥ 16.3 % 0.0 % 0.0 ¥

X 800 X B15 K MAXx %X 72,3 % 33.2 % 34.7 M 32.1 % 0.0 % 0.0 X 0.0 % X 8OO K 815 X Wxx M 72,3 # 35.2 X 34.7 X 12.0 % 20,2 % 0.0 ¥ 0.9 ®

X815 % B30 ¥ MNN X 861 X 60.83 % 28.9 ¥ 30.3 ¥ 0% 0.0 % NR] * 15 % B30 X WExx % 84,1 % 40.8 N 28.9 X 12.6 ¥ 17.7 ¥ AN 0.0 K

% B30 X 845 M Mk X 80.2 % 34.8 % 36.1 ¥ 29.1 % 0.0 % 0.0 % 0.0 W X B30 % 345 ¥ Mexs % 80.2 ¥ 34.8 X 36.1 % 9.6 % 19.5 % 0.0 % 0.0 X

% 845 X 900 ¥ MwxX X £9.0 X 33.4 % 36.8 ¥ 29.8 % 0.0 x 0.0 M 0.0 X * 845 ¥ 90C X MM X 69.0 X 33.4 X 36.8 % 9.t % 20.7 % 0.0 & 0.0 %

X900 X 915 ¥ NNk ¥ 76,2 ¥ 37.1 % 31.4 ® 51,5 % 0.0 X 0.0 ¥ 0.0 X ¥ 900 % 915 * MxwM M 76.2 ¥ 37.1 % 31.4 ¥ 13,5 ¥ 18.0 * 0.0 X 0.0 ¥

X915 % 930 K Mwx % 75,1 % 32.1 % 37.5 % 30.3 » L00% 0.0 % .0 0¥ n 935 x 30 * Mxme X 751 % 32,1 % 37.5 % 8.7 % 21.7 % 0% 0.0 *

%930 X 945 M XXNN ¥ 74.6 W 28,1 ¥ 38.4 ¥ 33.5 » 00X 0.6 w L0 n 930 » 45 M MxNN ¥ 74.6 X 28,1 ¥ 38,4 ¥ 10.5 % 25,0 % AN 0.0 %

¥ 965 % 1000 ¥ XXM % 74.6 ® 34.2 % 35.3 ¥ 30.5 » 0% 0.0 X 0.0 % 945 % 1000 ¥ MXxK N 76.6 X 36.2 % 35.3 % 9.4 X 21.0 % L0 0.0 %

® 1000 ¥ 1015 % ¥xK¥ ¥ 73 3 K 31,5 ¥ 37,4 W 31,1 % ® 0.0 % 0.0 % * 1000 % 1015 % doéx% ¥ 73.3 * 31,5 % 37.4 % 8.3 % 22.8 % 0% 0.0 %

H 1015 X 1030 ¥ xxwx ¥ 75.8 % 30,7 % 36.5 ¥ 32.8 » L0 % 0.0 % 0.0 WO1015 X 1030 ¥ Mxxx% ¥ 75.8 % 30.7 % 36.5 ¥ 12.5 % 20.3 % L0 0.0 %

X 1030 % 1045 X XXX ¥ 72.9 N 30.4 % 36.1 % 33.6 * 0% 0.0 % 0.0 W ® 1030 X 1045 X X ¥ 72,9 ¥ 30.4 % 36.1 % 13,46 ¥ 20,1 ¥ Q% 0.6 %

% 1045 % 1100 % wxxx X 6856 % 31.6 ¥ 37.1 % 31.3 % 0.0 % 0.0 x 0.0 W % 10645 * 1100 % X¥xx & 68.6 X 31,6 ¥ 37.t % 8.3 % 23,0 % 0.0 % 0.0 %

% 1400 % 1615 % wxxx ¥ 763 % 36.3 X 36.0 X 29.7 X 0.0 % 0.0 % 0.0 N 1400 X 1415 M MxNx ¥ 76.3 % 36.3 K 34.0 N 7.1 % 22.6% 0.0 K 0.0 %

¥ 1615 % 1630 % %uxx % 76¢.4 % 32.6 % 37.1 M 30.3 x 0% 9.0 % .0 ¥ X 1415 % 1430 # XXX X 74.4 K 32,6 ¥ 37,1 % 12.2 ¥ 18.1 % 0.0 % 0.0 X

#1430 ¥ 1445 ¥ MK ¥ 71.6 % 36.8 X 33.9 K 31.2 % 0.0 % 0.0 % 0.0 ¥ ® 1430 ¥ 1445 N MuNX X T1.6 % 34.8 % 33.9 X 10.7 ¥ 20.5 % 0.0 x 0.0 %

X 1865 % 1500 ¥ xMux X 69.3 % 30.0 ¥ 3BV % 31.9 % 0.0 X 0.0 ¥ 0.0 % X 1495 ¥ 1500 X XXX X 69.3 ¥ 30.0 X 38,1 % 11,6 X 20,3 % 0.0 % 0.0 x

* 1500 X 1515 % Xwwk X 75,4 % 34.7 % 36.7 % 26.7 % 0.0 % 0.0 % 0.0 % X 1500 X 1515 X Wxex % 75.4 ¥ 36,7 % 36,7 ¥ 6.1 % 22,6 ¥ 0.0 % 0.0 ¥

* 1515 % 1530 % Xxxx % 68,5 X 33.1 % 36.2 % 30.7 % 0.9 % 0.0 * 0.0 ¥ X 1515 % 1530 % wxux K 68.5 % 33,1 % 36,2 % 10,6 X 20.4 % 0.0 ¥ 0.0 ®

® 1530 X 1545 % XXMM % 68,9 ¥ 29.7 % 36.5 ¥ 33.8 % L0 % 0.0 ® 0w 1530 X 1545 K MMXX K 63,9 X 29.7 ¥ 36.3 ¥ 12.8 % 21.0 » S0 X 0.0 %

X 1545 % 1600 X M¥xu¥ % 79 1 % 33.2 % 35.4 % 3.5 % 0.0 X 0.0 % 0.0 ¥ * 1545 % 1600 X WAXK K 79,9 ¥ 33.2 % 35.4 % 11,6 ¥ 19.8 ® 0.0 % 0.0 %

% 1600 % 1615 ¥ Mxx* % 7.5 x 34.8 % 35.3 K 30.0 % 0.0 % 0.0 ¥ 0.0 ¥ X1600 X 1615 X MNX X 71.5 % 34.3 % 353 0 9.1 X 20.9% 0.0X 0.0

% 1615 M 1630 % Mxx® % 69.3 % 30.4 % 38.2 K 31.4 % 0.0 % 0.0 % 0.0 X X 1615 X 1630 M MMM X 69.3 % 30.6 % 38,2 M 11.4 ¥ 20.0 % 0.0 % 0.0 ¥

X 1630 ® 1645 % MMk X 69.9 K 33.9 x I&. 1 H 30,0 % Q.0 0.0 % 0,0 % ¥ 1630 X 1645 M MXNX X 9.9 ¥ 33.9 % 36,1 N 8.1 X 22.0% 0.0% 0.0 ¥

% 1665 % 1700 ¥ ¥xXW X 73.9 X 33.9 ¥ 35.9 % 30.3 % 0.0 % 0.0 % 0.0 ® 1645 X 1700 ¥ MMMX X 73.9 % 33.9 % 359 % 10.8 ¥ 19.4 % 0.0 % 0.0 ¥

® 1700 % 1715 % ¥u¥k % 71.8 % 34.4 ¥ 35.1 % 30,5 % 0.0 X 0.0 ¥ 0.0 % M 1700 K 1715 X WxM% X 79.8 % 34.6 % 35,1 % 11,3 % 19.2 % 0.0 ¥ 0.0 *

® 1715 % 1730 % xuwx % 74.8 % 35,5 % 33.5 % 31,0 % 0.0 % 0.0 % 0,0 » ¥ 1713 % 1730 * MXNK X 74 8 ¥ 35,5 % 33,5 ¥ 10.6 N 20.4 X 0.0 x 0.0 ¥

® 1730 % 1745 K X¥mu X 71.¢ % 33,1 % 36,2 % 30.7 % 0.0 0.0 % 0.0 # * 1730 % 1745 w MuwX X 71,6 M 33,1 % 36,2 % 7.2 M 23.5 % 6.0% 0.0 %

* 1765 ¥ 180D % Xxxx ¥ T1.1 % 36.8 M 36.0 X 29.2 % 0.0 ¥ 0.0 * 0.0 ¥ * 1765 % 1800 N MXNK X 71,1 M 36.8 % 34,0 % 7.3 % 21.9 % 6.0 % 0.0 %
SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD SIGNAL OPERATION FOR: ASHLEY DR. E KENNEDY BLVD
ACTUATED CONTROLLER: ACTUATED CONTROLLER:®
ANALYSIS PERIOD: 700. YO 1800. PHASING: 1 PHASE NS, 2 PHASE EW. ANALYSIS PERIOD: 700. YO t80C. PHASING: 1 PHASE NS, 3 PHASE EW.
LEFT TURNS - NORTH: NONE, SOUTH: NOME, EAST: REST, WEST: REST. LEFT TURNS - NORTH: NONE, SOUTH: NONE, EAST: RESY, WEST: REST.

NORTH SOUTH EAST WEST NORTH SOUTH EAST WEST
L] * » * »* * L] * » * * »
* DELAY TO THRU (VEH-HRS) ¥ [ z2. 0. ¥ 25, ® ® DELAY TQO THRU (VEH-HRS) % 6, * 22, o. » 25. =
* DELAY TO LEFT (VEH-HRS) ¥ 2. » 0. x 20, = L " DELAY TO LEFT (VEH-HRS) X 2. » 0. ¥ 20, % 1. %
* * L3 * * * L] * * * " L]
L] X SATURATION THRU * 30. x 50. = 0, * 68. x * % SATURATION THRU * 30. » 50. = ¢. x 66. »
» X SATURATION LEFT * 40. * 0. % 8. * 8. x " X SATURATION LEFT * 40. * 6. x 48, x 12. %
* * * * " * » * »* * * »
b MAX QUEUE TO THRU (VEH) * 9. x 23. % 0. ¥ 1%, ® L MAX QUEUE TO THRY (VEH) » 9. ¥ 23. % 0, ¥ 164, ¥
* MAX QUEVE TO LEFT (VEH) * L 6. ¥ 9. 1. = » MAX QUEUE TO LEFT (VEH) ¥ 1. % 0. ® 9. ¥ .o*
L] * * » * * L] * L] * * »
» X STYOPS TO THRU * 35. % 53. x 0. % 71, % L X STOPS TO THRU * 35, » 53. % Q. X 7. 0.
* % STOPS TO LEFT * 43, o 0. = 82. = 4. x » X STOPS YO LEFT * 43. 0w 0. 82, 4. »
1] * L] * * * » * " ] * L]
I EXCESS FUEL THRY (GAL) ¥ 13, 0» 5. x 0. x 53, » » EXCESS FUEL THRU (GAL) = 13, 51, % 0. ® 53.
* EXCESS FUEL LEFT (GAL) % 2. 0. x 1. x P ) EXCESS FUEL LEFT (GAL) « 2. 6. » X 2. x
» »* L] L] * * » " * » L] *
* LEFT TURN CONFLICTS * 0, » 0. * ¢, 0. * » LEFT TURN CONFLICTS " 0., = 0. 0. x 0. ¥
» » L] * L] »* L] » * »* " »
* * L} L] L] * * » * » * L] x *
* SUMMARY K PH % GREEN ®  GREEN x * ow SUMMARY * PH 1% GREEN %  GREEN  ® x "
* % PH 2% x % LEFT THRU ¥ x % * PK 2% * % LEFT THRU ¥ "
PER VEH 14. % PH 3% »* * *® LEFT THRU = X3ECONDS PER VEH 16, %X PH 3% bl Ll THRU » THRU »
XTOTAL YEH-HRS 76. ®'PH 4% * * *® * MTOTAL VEH-HRS 77. % PH §x% L) * * LEFT THRU x
#CRITICAL v/C 87. % PH Sx * * » * #CRITICAL ¥/C 87. % PH 5% " * " "
FUEL(GAL) 162. * PH 6x » * x *  MEXCESS FUEL(GAL) 162. % PH 6% n » ¥ *

%TURN CONFLICTS 0. % * * * * ¥TURN CONFLICTS 0. % b i * b i

Figure 32, Example SOAP Output for Alternate Actuated Operation,
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SYSTEM SUMMARY SHEET

SYSTEMNM ALTERNATIVES SUMMARY

696 26 3 26 36 36 36 36 3 I 2 2 36 3 26 JE 36 26 I 26 2 36 36 I 3 36 JE I 3 I JE HE 36 36 I 26 I I 36 3 I 26 3 36 26 36 3 36 26 26 36 3 I 26 36 2 36 3 36 3K 3¢ JE 2 3 3 36 24 36 3¢ 3¢ 2
*

* *
* TOTAL DELAY * EXCESS FUETL *
* * *
69696 3 3 3 263636 36 3 3636 3636 26 36 36 36 3636 36 326 36 36 36 3 2636 36 J I I 6 3636 2636 36 36 26 36 JE 26 3636 336 36 26 36 6 J6 36 36 36 36 36 36 36 36 36 J6 36 36 JE I 2 36 J6 0366 3 3 3 3 6 26 36 3 6 3 3 3 3 3 36 36 36 3 3 2 2 36 3 J J 2 36 36 3 3 2 3 36 3¢ 3 3 %
* * * * * * * * * % * *
¥ PROB ¥ RUN % INTERSECTION x # 1 % § 2 x % 3 % B & % & 1 ¥ % 2 ¥ % 3 x K & A
* * * * %* * * * * * * *
369636 36 2 3 6 3636 96 36 36 3636 36 6 36 26 6 36 36 36 3 36 36 3636 D626 6 36 36 6 26 36 36 6 36 36 36 3 3 36 23636 26 36 3 H 36 36 96 3 JE 36 3 3 3 36 26 36 3 36 3 36 326 26 36 36 36 3 JE 3 6 36 3 36 36 I 36 D 3 6 36 3 J6 36 6 96 36 26 3 6 96 36 26 36 6 3 6 I€ 26 36 3¢ 3 36 26
* * % * * * * %* % *
* 1 % 1 ¥ ASHLEY DR. E KENNEDY BLVD x  84.9 x 87.2 x * ¥ 170.0 * 170.4 % * *
* * * * * * * * * * % *
* 1 % 2 % ASHLEY DR. E KENNEDY BLVD % 76.4 % 76.6 % * ® 161.7 x  161.8 % * *
* * * * * * *® * * * * *
* 1 % 3 * ASHLEY DR. E KENNEDY BLVD %  84.0 % * * * 167.0 % * * *
* * * * * * * * * * * *
3636 26636 96 36 3 3 96 36 3 3 36 2 36 3 36 3 26 3636 X 36 36 6 963 3636 6 36 26 36 3696 26 36 3 2 26 36 3 2 2 36 36 36 36 36 3 3 36 36 3¢ 36 I 3 3 36 36 36 26 36 36 J0 36 2 36 26 36 26 36 36 3 36 36 3 26 36 3 36 36 I 26 3 36 26 36 3 HHE 236 36 3 326 3 3 2 33 36 3 36 3 36 36 %

COMPARISON 0F CASE SYSTEMS

1333333333333 3333333323333 33338 333333833383 323 832233333382 333 22383223222 s 3]
* * *

* *
: CASE & % CASE NAME * TOTAL DELAY % EXCESS FUEL *

* * * *
3696636 36 33326036 3 K3 3306 232 IHHOE KK I I K I I 6 390K 336K 362 3 2363 96 36 366 6 3 3 2 3 2 3 36 36 362 3 X
* * * * *
* 1 * OPTIMAL DIAL & TIMING % 84.94 * 169.99 *
* * * * *
* 2 % FULL ACTUATION * 76.45 * 161.71 *
* * * * *
* 3 ¥ EXIST. OPERS.(ACT.HDWY) * 84.00 ¥ 167.00 *
* * * * *
3626 2656 36 963 6 36 36 363336 2 HEIK I 0 26 3 2 3 I3 6 2 I6 3 36 3 3 HE JE 3K 36 56 36 33 36 36 26 36 3 JE 36 3 3 36 6 3363 3 6 26 36 36 336 36 3 3 36 36 33 2 36 36 3¢ 2 ) ¢

Figure 33. Example SOAP Output for Comparative Analysis.
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However, if three dial operation would im-
prove traffic flow at adjacent intersections
then the results obtained for this SOAP
output could be used to retime the signal
with little change in level of service,

Summary of Work Effort Required

The following provide a brief summary of the
work effort required for the above example
prob!em.

Data Collection - Since the city maintained a
file with plans showing intersection geo~
metrics and signal operation, as well as
records of existing signal timing and recent
traffic counts, the data col lection time for
these elements was minimal., In order to
obtain field data to calibrate the model for
existing operations, approximately eight
hours of technician time was utilized Yo
obtain headway data for left turn and thru
movements for each approach during two per-
lods of the day., However, typical area-wide
headway data obtained over a period of time
could eliminate the need for this information
except in unusual circumstances, Approxi=-
mately six manhours of technician time was
also utilized to obtain an estimate of the
PCF for three approaches. This type of data
would not normally be coded except where
fixed time operation occurs and traffic flow
is affected by adjacent signals within an
interconnected system. The PCF may also be
estimated by making a run with the TRANSYT-7F
or SIGOP |11 models,

Data Coding - Using the coding form the data
for existing conditions were coded within a
two hour period. Since the existing condi-
tions had been run, the coding required for
defining and evaluating alternatives took
less than one hour,

Computational - Most SOAP problems require
considerably less than one minute of execu-
tion time. The calibration run tfook 1:59
seconds of CPU time while the optimization
run took 6.52 seconds of CPU time. Core
storage of 180K was required for each run.
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REFERENCES

4.1

4.2

4.3

4.4

"Signal Operations Analysis Package -
Executive Summary," University or Flori-

da Transportation Research Center, FHWA
Implementation Package 78-4, January,
1978,

"Signal Operations Analysis Package -
Volume | - Computational Methodology,"
University of Florida Transportation
Research Center, FHWA Implementation

Package 78-4, January, 1978.

"Signal Operations Analysis Package -
Volume |I - User's Manual," University
of Fiorida Transportation Research
Center, FHWA Implementation Package

78-4, January, 1978,

"Signal Operations Analysis Package -
Volume 1ll =~ Programmer's Manual,"”
University or Florida Transportation
Research Center, FHWA Implementation
Package 78-4, January, 1978,

4.5

4.6

4,7

4.8

4.9

Reports on the "Signal Operations Analysis Package",
tation Package |P-79-9 are available from the Superintendent of

"Signal Operations Analysis Package -
Volume 1V - Portable Calculator Rou-
tines," University of Florida Transpor-
tation Research Center, FHWA Implementa-
tion Package 78-4, January, 1978.

Webster, F.V., and B.M, Cobbe, "Traffic
Signals,™ Road Research Technical Paper
Nc. 56, London, 1966.

Claffey, P.J., "Running Costs of Motor
Vehicles as Affected by Road Design and
Traffic,” NCHRP Report 111, 1971,

Tanner, J.C., "A Problem of Interface
Between Two Queues," Biometrika Vol. 40,
1953,

Wagner, F,A., et al., "Improved Criteria
for Traffic Signal Systems in Urban
Networks," NCHRP Report 124, 1971,

"Definition and Measurement of Delay at
Intersections, Volume 3 User's Manual,"
JHK and Association, FHWA Research
Repor"f 76'137,.....00...0.-0

Imp | emen=-

Documents Government Printing Office, Washington, D.C. 20402
as follows:
Volume
1 Computational Methodology 050-001-00151-9 2,50
2 User's Manual 050-001-00152-7 5.50
3 Portable Calculator Routines
HP 67/97 050-001-00153-5 4.25
4 Portable Calculator Routines
SR52/T159 050-001-00154-3 5.00
5 Programmer's Manual 050-001-00155-1  5.00
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CHAPTER 5 - TEXAS C(INTERSECTION SIMULATION)

Single intersection models 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, Clearly the
geometrics of the intersection are of great
Interest to designers, This .aspect s

generaliy treated by most models oniy as to
its effect on capacity. Thus consideration
of geomeirics 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-
ricse Driver behavior has been the target of
numerous empirical studies, but results of
these studies are difficult to fransfer into
a measurable effect that can be considered in
intersection design by analytical or optimi~
zation methods. Only in the field of safety
analysis has driver behavior been success-
fully accounted for in earlier applications,.
Moreover, all intersections are not <con=-
trolled by traffic signals., Many, indeed a
far greater number than are signalized,
either have stop or yield sign control or no
control at all, 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 planning and
design of the highway and street system, the
need for a relatively inexpensive method for
detailed study of the variety of intersec-
tions and control tfechniques 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 Highways and Public
Transportation (SDHPT) to perform microscopic
simulations of isolated intersections. The
SDHPT maintains this model,

A

Figure 34. Intersection Geometric
Prob | ems

The TEXAS (Traffic EXperimental and Analy-
tical Simulation) model is sirictly an analy-
sis tool. |t 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 led one-way sireets to complex
intersections with multiphase control, and/or
multiple lane movements, Traffic control may
be none, priority movement (e.g., stop or
yield) or signalized, Signalization can be
two-phase or up to six-phase pretimed; to
eight-phase, dual ring, semiactuated or full
actuated; and have protected, permissive or
unprotected turns. There are virtually 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.



TEXAS

An extensive array of statistics are main-

tained and output by the TEXAS model,
Including delays, stops, queues, vehicle-
miles, +travel time, movement counts, and

conflicts fo 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
implementation.

MODEL DESCRIPTION

The TEXAS mode! was written at the Center for
Highway Research at the University of Texas

at Austin. The original FORTRAN IV program
consists of over 14,700 lines of executabie
statements and an additional 4940 lines of

Internal documentation - and comments, While
TEXAS was written for a (DC 6600 computer,
modifications are available for conversion to
IBM 0S/360., Two Installation-specific 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 CDC 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 faster than real time on
the CDC computer. On the IBM, execution

times are somewhat longer.

The model contains three major subprograms
which, as stated earlier, run Independently,
The Geometry Processor reads geometric data
and "constructs" the physical Iintersection,
Plots of the intersection and printed details
are output, as well as outputs to a tape to
be used later, The Drliver-Vehicle Processor
reads Input data and "“creates™ the driver-
vehicle +traffic stream to be used Iin the
traffic simulation. A number of classes of
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vehicles allow for the natural stochastic
var iation in fraffic filow. Printed detalils
and tape outputs for further use are also
produced at this stage.

The main subprogram is the Simulation Proces=-
sor, which reads the previous data tapes as
wel| as additional card Inputs (e.g., traffic
conirol and other parameters), and performs
the simulation, The Simulation Processor is
a microscopic, stochastic simulation model
with time scan updating. Outputs are punch
card, printed results and graphic displays.

INPUT REQUIREMENTS

The necessary inputs for the TEXAS model were
designed to be user oriented and minimal,
There are iwo basic formats for the three
processors in the model. Since the pre-simu-

lation processors, the Geometry Processor
(GEOPRO) and the Driver-Vehicle Processor
(DVPRO), utilize the same Input data, only

one input format is required for the two pro-
cessors, The simulation processor (SIMPRO)
has Iits own separate Input format. Both
formats include alphanumeric coding.

Four basic types of information must be pro-
vided for the pre~simulation processors:

1« geometric information about the intersec-

tion including number of approaches,
number of lanes, etc.,

2, ftraffic data such as volumes, speeds,
etc.,

3. types of vehicles to be included in the
simulation, and

4. types of drivers,

These values ae primrily user-specified
within certain limits. In addition, the GEO-
PRO plot output may be specified. Table 8
provides a summary description of the Iinput
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Table 8 - Input Requirements for Pre-Simulation Processors - TEXAS
CARD NAME PURPOSE DATA REQUIREMENTS
TITLE Provide title of simulation User information
(1 per run)
NIBA (1 per run) Define no. of inbound approaches | Total inbound approaches (max. 6)

(1 per run)

LIBA ldentify nos. assigned for each Assign numbers 1-6
(1 per run) inbound approach
NOBA (1 per run) Define no, of outbound approaches | Total outbound approaches
LOBA ldentify no., assigned for each Assign numbers 1~-12
(1 per run) outbound approach
PARAMETER Define simu, time, min, headways, | Use default values or data from field

no. vehicle & driver classes and ﬁ
vehicles entering correct lane

studies

APPROACH LOCATION
AND TRAFFIC FLOW
(1 per run)

Define approach location and Traf-+
fic Operation Characteristics of
each approach

Direction (azmuith), length (coordin-
ates), no. lanes, speed limit, vol.,,
types headway dist. and parameters,
speed, etc.

TRAFFIC MiX
(Optional)

Define percent of vehicle classes
in traffic stream by class

Percent of vehicles in each class

LANE GEOMETRY
(1 for each two

Define lane geometrics, legal
movements and § traffic in

Lane widths, length, legal movements
(teft, thru, right and/or U-turn) and

(1 per run)

lanes) each lane at begin of approach percent traffic

ARC #1 Identify number of arcs to com— Total number of arcs to be defined
(1 per run) plete geometry (max. 20)

ARC #2 Define arc location and radius Begin azimuth, X & Y coordinates, de-
(1 per line) (curb returns, islands, etc,) gree of arc (sweep and radius)

Line #1 ldentify number of straight lines| Total number of lines to be defined
(1 per run) required to complete geometry (max. 100) )

Line #2 Define each line required for Begin and end X & Y coordinates,
(1 per line) ) | islands, parking lanes, etc,

SDR #1 tdentify number of sight distance| Total number of sight distance

restrictions

restrictions (max, 20)

SCR #2 (1 card
per location)

Define each sight distance
restriction

X & Y Coordinate of each corner (of
building or tree line)

PLOT Define plot info, for drawings Type of ink pen, scale desired, max.
(none, approaches, intersection) radius for paths, paper width, etc.)
OPTIONS identifies whether user is sup. Yes or no decision by user
vehicle and/or driver class. and
fo request summaries by class
DRIVER MIX Define driver mix Percent of drivers in each class
(Optional) (max. 5)
VEHICLE LENGTH Define vehicle length Length of vehicle in each class
(Optional)
VEHICLE Define vehicle operating Type of vehicle operations (slug-
CHARACTERISTICS | characteristics gish, average, responsive) for each
(Optional) class
DECEL Define max, uniform deceleration deceleration rate (ft/sec/sec) for
(Optional) each class
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Table 8 - Input Requirements for Pre-Simulation

Processors = TEXAS (Continued)

CARD NAME PURPOSE DATA REQUIREMENTS
ACCEL Define max. uniform acceleration Acceleration rate (ft/sec/sec) for
(Optional) rate each class
VELOCITY Define maximum velocity Maximum velocity (ft/sec) for each
(Optional) class
VEHICLE RADIUS Define minimum turning radius Minimum turning radius (ft) for each
(Optional) class
DRIVER 0.F, Define operating character- Type of driver (slow, average,
| ___(Optional) istics aggressive) for each class
P1JR Define perception reaction +ime Driver perception reaction time for
| (Opftional) Time each class
SPECIAL VEHICLE | To obtain data on a specific Time perlod, location and type of
(Optional) vehicle and driver class vehicle, driver and speed
Table 9 = Input Requirements for Simulation Processor - TEXAS
CARD NAME PURPOSE DATA REQUIREMENTS
TITLE Provide title of simulation Arbitrary name
PARAMETER Define simulation para- Time & length of simulation

(1 per run)

meters

per iod, delay definition, car
fol lowing equations, type
traffic control, type of sta-
tTistics requested, etc.

LANE CONTROL

Define type of control for each lane

Type of control (none, yield,
stop, signal, etc.)

CAM STACK #1 (one
per run, if signal)

Define number of intervals (cam
stacks) for signal control

Number of intervals (cam
stacks) in signal cycle

CAM STACK #2 (one
for each interval)

Define lane control for each inter-
val or cam stack

Phase number, interval length
in secs (if fixed time) & sig-
nal Indication for each lane

PHASE #1 (one per
run, if signal)

Define number of phases

Total number of phases
(max. 8)

PHASE #2 (semi-
actuated signal
only)

Define timing for street (non-actu-
ated) phase for semi-actuated signal

Min, Green, amber, all-red
intervals and the phase nos.
which can be cleared to
directly from this phase

PHASE #3 (one per
actuated signal
phase)

Define timing for each minor phase

initial Interval, vehicle
interval, amber & all red
clearance, max, extension,
skip, & recall switches, clear
to phase nos., type of detec-
tor connection, etc.

PHASE #4 (one per
actuated phase)

Define detectors attached
to each actuated phase

Detectors attached to this
phase and type of operation
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format for the pre-simulation processors. A

typical deck stack is shown in Figure 35,

| Override of Defeult D
Driver Claes Attributes

eot until ati
Vehicie Classes
have been exhausted

Repeat E.2 untll oll
_Slaht D
Restriction have been
detined

Repeat 0.2 untll all lines
have been defined

Repeat C.2 untii
all Arcs have been

defined

Repeat B 0.3 Lane Seomoiry
Section (2 tanes por cord)
xov each ] Repeat 8.3 until all lanes

in one Approach have
been ldentitied

A.Title and Approach
Numbering

# @ = Number of Cards in this Section ;" V" means g varlable number

Figure 35. Pre-simulation {nput Deck Stack

Input for the simulation processor consists
of control parameters for the simulation
itself and specifications regarding the traf-
fic control devices at the study intersec~-
tion, Table 9 outlines the Input require-~
ments for the simulation processor,

A complete description of the
ments for the TEXAS model
ence 5,3.

input require-
is given in Refer-

OPERAT IONAL SUMMARY

TEXAS is a microscopic,
stochastic t+ime-scan

deterministic and
simulation model.
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Random effects are built into the data stream
by specifying various classifications of
driver-vehicle units. As noted previously,
there are three mjor subprograms in the
overall model, which are discussed individu=-
ally below,

Geometry Processor

The purpose of the Geometry Processor (GEO-
PRO) is to describe the physical system to be
simulated. The atiributes of the system re-
main 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 engineering drawing of the inter-
sectlon, The only significant restrictions
on the geometric layout 1is that all ap-

proaches must be linear, but may approach at

US 183 AND CANERON PMORD - LEFY RND RIGHT TUAN BRYS - SUBLABAN OFF_PERM

+
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e \

3
______zjg
s
I / ]
)

SCALE FACTOR 1S 0.0 FELT PER INCH

Figure 36, Typical Qutput of GEOPRO
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any reasonable angle and may have no vertical
curves, Curb radii, vehicle paths and lanes
are all 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 all allowable vehicle paths
through the intersection and identifies atl
points of confiicts Lane changing within the
intersection may be permitted as an option.
Maximum speeds, sight distance restrictions
and conflicts (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 Simufation Processor,

Dr iver-Vehicle Processor

this subprogram is concerned with the prepro-
cessing of driver-vehicle units, The data
are generally available from routine tfraffic
studies, and were described earlier, It Is
primarily in DVPRO where the random, or sto-
chastic variation in the ftraffic stream is
applieds The user may specify the number of
driver and vehicle classes (defaults are
three and ten, respectively)s Driver classes
are, for example, nonaggressive, normal or
aggressive,. Vehicle characteristics are
length, vehicle operational factor (e.g.,
sluggish, normal or responsive), maximum
acceleration and deceleration 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 Iis generated, The {fraffic
streams (per approach) are generated by ran-
domly assigning the above classes to each
individual vehicle to be simulateds Thus, an
input "queue" is built into arrays and each
driver-vehicle unit 1is fully described in

As noted earlier, the Driver-Vehicle Proces=- ferms of the (mostly) randomly assigned
sor (DVPRO) reads the same data as GEOPRO, atiributes which are:
Table 10 - TEXAS Default Driver and Vehicie Characteristics
1 2 3 4 5 6 7 8 9 10
Smat i Large Single Full Bus
Car Car unit traiter Sportg
Med 1um Vans, Semi~ Recrea- Car
Car Mini-bus irailer tional

Length 15 17 19 25 30 50 55 25 35 14

Operating Characteristics Factor 100 110 110 100 85 80 75 90 8 115

Maximum Deceleration 8 (R " 8 1" 1 11 8 11 12

Maximum Acceleration 8 9 1 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 Drivers 40 35 40 50 30 40 40 30 50 40

Percentage Slow Drivers 30 30 40 25 30 10 10 50 25 10

Percentage in Traffic Stream 20 32 30 15 o5 o2 o1 2 5 1.5
_t 2 3
Driver Class and Type Aggresive Average Slow
Driver Characteristics Factor 110 100 85
Perception-Reaction Time 0.5 1.0 1.5




o queue~in time (sum of previous headways,
or arrival 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 for
the various characteristics. A variety of
probability distributions are used to assign
the above attributes, as discussed in a l|later
section, At present, the only major 1imita=-
tions in this section are that pedestrian
interference is not considered and there are
no provisions for horizontal or vertical
curves on the approaches.

Qutputs are printed summaries of the input
streams and coded data written to tape for
use in the simulation model,

Trafftic 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 for the simulation,.

SIMPRO handles the physical case of any sin-
gle, multi-leg, multi-lane, mixed itraffic
intersection (including split Iintersections)
either without control or with any conven-
tional 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 basls,
where at every time Increment (1/2 to one
second) the simulated position and opera-
tional status of every driver-vehicle unit
and (any existing) control status are up-
dated, as needed. The degree of updating
depends on the likelihood 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 fraf-
fic signal displays) are predictable and
times are flagged for updating at the appro-
priate time increment. With regard to the
simulation time increment, the shorter the
time, the more accurate the results.

There are two confrol times of importance to
the simulation process. The first is startup
time, where the system is started empty and
the simuiation 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 equilibrium has been
achieved, The developers have suggested
using at least two minutes (simulated real
time) for this step.

The second step is the actual simulation
time, which is also user specifieds Due to
the high cost of simulation (despite signifi-
cant compression from real time), simuiation
times will normally be short, compared to say
field or macroscopic studies. The developers
recommend at least ten minutes fo obtain suf-
ficient results for analysis.

The simulation process operates within the
above time constraints in a manner very
closely approximating the real worlde Arriv-
als are random (due to the stochastically
derived headways), decisions ae dynamic
(e.g., gap acceptance and lane changes are
responsive to the immediate traffic environ-

ment) and the car fol lowing submodel is among
the most complex, and realistic, of any
existing model, AT each instant, the model

makes available to the simulated driver his
desired speed, destination, present position,
speed, acceleration, deceleration (as well 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.ge.,
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minimum headways, prohibitions on changing to
certain lanes, etfc.).

Of several possible decisions availabie, that
receiving the highest priority is based on
the premise that drivers wish to sustain
their desired speeds, but will obey fraffic
laws and will maintain safety and comfort.
Once the decision is "made", future values of
the position/velocity status variables are
processed for use by driver-vehicle units
which are dependent upon the present unit,

The order of processing vehicles is based on
their position in the systems Outbound ve-
hicles are processed first, then inbound, in
the order of least time remaining in the sys-
tem. A simplified flow chart of the simula-
tion is given in Figure 37,

START

READ CEOPRO TAPE
NEAD OVPRO TAPE
READ INPUT TO SIMPRO

INITALIZE
T = O

QUEUE

DETERMINE VEMCLES
TO _ENTER TMIS DT

LOGOUT
LOS VENICLE OUT OF
¥

ER THAN END
OF LANE

S T GREATER THAN
START-UP TIME PLUS
SIMULATION TIME ?

SUMMARY

PRINT 9
STATISTICS

Generalized Flow Process for
SIMPRO

Figure 37.
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COMPUTAT IONAL ALGOR | THMS

The computational capabilities of TEXAS are
extremely complex and highly sophisticated,
particularly in the SIMPRO subprogram, In
the interest of brevity, onty the more signi-
ficant algorithms are included in the subsec-
tions below.

Geomeiry Processor (GEOPRO)

Construction of the physical layout of the
intersection is based simply on the appro-
priate connection of required arcs and lines.
Of more interest is the technique by which
vehicles ae tracked through the system.
Coordinates are not used. GEOPRO establishes
all possible 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 al! based on simple
geometric or frigonometric computations
(albeit complex!y interrelated).

The most significant computational technique
of Interest In this subprogram is that for
maximum speed on curves (i.e., turns), The
relationship for maximum speed (V) is as fol-
lows:

-B + / B2
2A

- 4AC (5. 1)

vV =

For radii greater than 300m (1000 ft.) the
values of A, B and C are as fol lows:

A = one (1)
B = ~15 x radius x (=0.001)
C = -15 x radius x 0,190
For radil less than 300m (1000 ft+.) the

values of A, B and C are as fol lows:

A=1= (15 x radius x 0.00013951)
B = =15 x radius x (=0.,01404)
C = ~15 x radius x 0,4971

These are based on AASHTO standards.



Driver-Vehicle Processor (DVPRO)

The major computational function of DVPRO is
to randomly assign the various driver and
vehicle characteristics discussed earlier,
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 assigned based on an

empirical discrete distribution (e.g., per-
centages of occurrence for each class),
Desired speeds are derived from a normal

distribution.

In the interest of brevity, only one example
of each of the stochastic processes are given
for headway and class assignments,

For Poisson distributed arrivals, the Erlang
probability distribution can be used to
represent the waliting time T until the Kth
arrivals This distribution is thus the sum
of K negative exponential variates with an
identical expected value (mean of 1/ ). The
probability density function is expressed as

follows:
K>< (K=1) (5.2)
[e 8}
f(t) = for ;’gg,bao and K>0
(K=1)1 e

0 elsewhere

Without developing the entire process, « is

equal to the mean divided by the variance of
the headways and the Erlang variate, T, Is
found by
1 K
T==—log " _RN) (5.3)
« 1
where w= the product of K random

numbers (RN).

The empirical discrete probability function
is, as the name Iimplies, based on field
studies. For example, inbound lane assign-
ments would be based on actual measures of
lane distributions. For a simple example,
assume a two-lane approach on which P% of the

traffic is in lane 1 and (1-P)% in lane 2.
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The lane assignment, L, is determined for
each vehicle on this approach simply by

1, if RN < P/100

L= (5.4)
2, if RN > P/100
and P is within the range 0-190.
All characteristic assignments are mde

similarly, albeit by a somewhat more sophis=-
ticated algorithm to account for greater num-
bers of characteristics.

Traffic Simulation Processor (SIMPRO)

This is the most important subprogram in
TEXAS, as noted eartier, The multitude of
algorithms is simply too vast to inciude all
of them in this Handbook, thus, only
qualitative comments are offered about most
of the computations. Only the more salient
submodels are defined mathematically,

Acceleration and deceleration are based on
empirically validated |inear models.

Car_ following is based on a noninteger, mi-
croscopic, generalized car following equation
as fol lows:

vH
Al s =50 V-t V)
j=1 i
where Al = acceleration or deceleration
of the i ™ vehicle
V = velocity (of the ith  and
(i=1)th, or lead, vehicles
X = locatlon of the Ith  and
(i=1)th vehicles
O, U, A = empirically derived constants

The values of the parameters <« , L and A may
be set by the user, but suggested values are
available. A review of Reference (5.1) Iis
suggested before establishing these values.

Initial speed is based either on desired
speed or a speed dictated by the fraffic
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already in the lane ahead, subject to a com-
plicated logical algorithm to determine
whether a vehicle should accelerate, deceler-
ate or remain at the initlal speed.

Lane control strategies are based on a logi-
cal decision process which is dependent on
the type of control. Driver responses are
determined by traffic control, right-of-way
and gap acceptance (depending on conirol
type), right turn-on-red and other possible

maneuvers, A complex set of algorithms is
used for this function,
Lane changes may be optional (e.g., to

achieve higher speed) or forced (e.g., a path
does not exist from the present lane to the
desired outbound leg). All optional lane
changes are based on expected savings In
delay, but penalties are based on empirical
data. Lane changing geometry is also based
on empirically valldated trajectories.

Operational factors such as driver classifi-
cation (e.g., degree of aggressiveness) and
vehicle classification (e.g., responsiveness)
affect the slopes of the speed change sub-
model and other similar parameters. Percep-
tion-reaction +times affect the times at
which decisions are implemented,

OUTPUTS REPORTS

As in the previous sections, the outputs are
described separately for the three
processors, plus error messages.

Geometry Processor (GEOPRO)

GEOPRO produces printed summaries and plots
for inspection and a tape wlth data for use
in SIMPRO, Printed outputs contain an echo of
the Input data with convenient column head-
ings and listings of sight distance restric-
tions, Intersection paths and Intersection
conflicts (Figure 40),
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CEOQOME TRY FROCESSOR FOR THE TEXAS TRAFFIC SIMULATION PACKAGE POGE

ASHLEY OR. 8% KENNEODY BLVD.,-EXIST. GEOMFTRICS & TRAFFIC DATA FRI PM 6/78 s+ 1
TA3.E 1 - LISTING OF INBOUND AFFROACH NUMBE RS
1
?
3
L]
TOT&L NUMBER OF INBNUND 8FFROCCHES = 4
TABLE 2 - LISTING OF UDUYSBOQUND 8FTROBCH NUMBE RS
5
6
7
TOYeL NUMBFR OF OUTROUND &FFRUACHES = 3
TOT4L NUMBFR OF INADUND #NO UUTBOUND BFPRODB CHES = 7
TRELE 3 - LISTING OF AFFROSCHES

SFFROMLH NUMBER

SFFROACH 8ZTMUTH ==me==-=eoo—m—me—ne 180
AEGINNING CENTERLINE X CNORDINATE - 500
BECINNING CENTFRLINF Y CONROINSTE - 1200
SFEFD LIMIT (MFH) ===m-c-mcoo=onveo-= 30

NUMBER OF DFGREES FNR STRALIGHT =-=-~ 20

NUMBER OF DEGRFES FOR U-TURN —--===- 10
NUMBER NF [ ANFS ——=-——--om=e=—m—wae 5
LONF IL IHLN WIRTH -==L8NF GEOMF TRY—-~ LFGEL TURNS
1 1 1 12 € E3C 6 630 S )
(MFDISN LANE)
2 2 2 a2 c &30 ¢ 830 t S}
3 3 3 12 ¢ 53C € K30 t  RI
(CURB L8NE)
Te3te 4 - LISTING DF MRCS (FOP FLOTTING INL Y

ARC NUMBFR ~emmwommemcccecmmeceoea- 1
CENTER X CNORDINATF =--omvemwoamae~ 45y
CENTER Y CONRDINOTF ~-mmmmmee——eeee 585
BEGINNING 0ZTMUTH =--=m-=mcm-emooemo- S0
SWFFF ONGLF =—memescemcecmmmcc—enae  9Q
RABIUS [F ORL ~==mw-me-memcmemeeaen- 10
ROTSTION FRNOM BF GINNING 8ZIMUTH -=-
CLUCKW ISE

Figure 40. Example GEOPRO Output Report
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Te3LE & - LISTING OF LINES (FOR FLOTTING ONLY)
LINE NUMBER —==-o-—--—memme——————me 1
START X COORDINAYE —---c---—m=-wo=ao 43y
START Y COORDINSTE --====-======—=- 555
END X CODROINATE —----=-- S e ush
END Y CODRDINBTE —=--w=e==—=w—-=--—- 555
YARLE 6 - LISTING OF STGHT DISTENCE RESTRICTINN COURDINATES
SIGHT DISTONCE RESTPICTICN NUMBER - 1
X COORDINATE =m-=mm—mmmm oo mmmme o aul
Y COORDINBTE ==mm=-—=-==-c-—---oconc 577
YOELE 7 - LISTING OF OFTIONS AND 8DDITIONSL D8T#

FRIMARY FP&THS SFLFCTED

NO FLOT SELECTED
8 STROICGHY LINE WILL BE USED FC® & FeYH WITH & RADIUS CT1 500.00 FT

FROCRAM CHECKS T0 SE€ IF THE CENTER TO CENTER DISTANCE
BETWEEN VEHICLFS BECOMES LESS THEN UR EGQUAL TO 10 FFFY

TRELE 8 - LISTING OF SIGHY CISTENCE RESTRICTINN ENTRIES

SICHT DISTANCE RFSTPICTIION ENTRY 1 IS NUMBER 1 FNR 4PPRDECH 1
AND INVOLVES 8FFROACH 2

SFFROACH 1 FROM S T0 25 CON SE€ 8> PROACH 2 FROM 617 Tn 622
SFFROGCH 1 FRDOM 25 10 50 CON SEF ¢PFROACH 2 FROM €17 TOr €22
SFFRUACH 1 FROM sC 10 7% CEN SEE AFPRDACH 2 FROM 617 Tp €22
AFFRAAOCH 1 FROM 75 10 1CC CeN SEF aPPRDECH 2 FRNMM 617 TP 6227
SFFROMCH 1 FROM 1CC Tu 12% CAN SEF APPRDACH 2 FRN* 616 TD €72
BFFROGCH 1 FROM 125 TU 1SC Ce8N SEt SPPROSCH 2 FRNIM 616 TO 622
SPFRGACH 1 FROM™ 150 Tu 17% CAN SEF PPPROICH 2 FRDM €16 T €22
SFFROMACH 1 FROM 175 TO 200 CeéN SEf P PROACH 2 FROM €15 TO R22
EFFROACH 1 FROM 200 Tu 22% C8N SEF APPROMCH 2 FROM €15 TO €22
BFFROACH 1 FROM 225 TO 2%C CeN SEE OPPRNACH 2 FRNM 614 TN €22
SFFROACH 1 FPNM  25%C TU 27% CAN SEF @PPROGCH 2 FRDO® 614 T €22
SFFRUOACH 3 FROM 27% 10 3CC CeN Stf MPPROBCH 2 FRNM 613 Tn €22
EFFRCOCH 1 FROM 300 T 32% CAN SEE 80FPROACH 2 FROV 612 To €22
SFFROACH 1 FROM 325 TO 35C CeN SEE AP FPROCCH 2 FRAM 611 Tn F2?2
SFFRUSCH 1 FROM 350 T 475 CeN SEE BFPRORCH 2 FRMM F10 TO 622
CFFROSCH 1 FROM 375 10 u4CcC C8N SEF SPPROMCH 2 FRN® 609 TO 622
AFPROACH 1 FRDY 400 TD 475 CeN SFF aPPRUSCH 2 FRDM &O7 TD €22
BFFROBCH 1 FROM 425 TO 450 CEN SEF OPPRDACH 2 FROM 608 TO €22
BFFROACH 1 FRCM 450 TO 47% CON Stt &FPROACH 2 FRUM 603 TD €22
SFFRCACH 1 FRAM w75 Ty 50 C8N SEF WPPROACH 2 FROM 599 TnD 622
SFFREOCH 1 FROM &0C Tu 52K CBON SEF OFPROACH 2 FPUM 5S84 TD €22
BFFROSCH 3 FRNM 525 100 S50 CeN SEF 8P PRORCH 2 FROM 686 TO 622
BFFROECH 1 FROM K&5C TO  %7% CBN SEF BPPROACH 2 FROM 573 TG €22
AFFROECH 1 FRNM  a7% TU &CC CEN SEF RPPROMCH 2 FROM Sus Ta 622

Figure 40, Example GEOPRO Output Report (Continued)
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Te3L ¢ 9 =~ LISTING OF FATHS

FATH 1 GOeS FROM LANE 1 UF AFFRAAACH 1 TO LANF 1 OF #PPROACH 6
LENGTH OF FATH = 116 FEET-AND SFFED OF POYH = a4 FEET PER SFCOND
NUMBFR (OF CONFLTCTS = & OND TURN CNDE FNR PRTH IS

STRBIGHT

CONFLICT ENTRY NUMBERS UDROERFN BY DISTANCE DOWN THIS PATH ARE
3 ? L] 5 3 1

T83_E AC =~ LISTING 0F CONFLICTS

CONFLICT FOTHI FATH2 MFFR1 RFFR? O0IST1 OISTZ eNGLE TNDEX1 INDEX?

1 1 4 1 ? 109 111 3 6 5

2 1 5 1 ? 33 A3 98 2 &
3 1 F 1 7 23 8u Yy 1 6

4 1 9 1 2 34 66 108 3 4
5 1 12 1 Ul 43 [ 270 4 ?

6 1 13 1 L] 54 67 271 S 2
7 4 & 1 2 32 a5 S6 3 8

8 2 s 1 ? 23 96 94 1 7
9 ? 9 1 2 31 78 o6 2 [
1C ? 12 1 a 43 52 271 L] 1
11 2 12 1 [} 54 5% 271 5 1
12 3 [3 1 ? 38 138 4 1 8
13 4 ] ? 3 45 23 108 3 1
14 4 9 ? 3 652 ?2? 88 4 1
15 L] 10 2 3 3?7 26 8% ? 1
16 4 11 2 3 20 28 89 1 1
17 5 )] ? 3 85 42 &8 3 2
18 5 Q 2 3 35 68 9 7 5
13 5 Q 2 3 107 Qa1 356 9 7
?2¢ 5 in ? 3 32 41 88 2 2
21 5 11 2 3 20 41 89 1 2
22 S 12 ? ] 63 8¢ 143 B 4
73 L} 12 ? ] 47 109 132 L} L}
24 & 2 2 3 a4 56 kL 4 4
?5 3 e ? ) 32 56 S3 2 3
76 6 11 2 ki 19 sS4 S1 1 3
27 3 12 2 4 51 103 124 S 5
28 6 13 2 4 L¥) 124 117 3 6
29 7 1 ? 3 29 84 0 1 4
3C 8 12 3 4 82 131 ] S [

“EUMFTRY FROUCESSOP FOR THE TEX2S TRAFFIC SIMULATION POCKGOGE PeGE 17

»44 ASYLTY DR. & KENMNEDY BLVD ,~EXIST. GEOMETRICS & TRAFFIC DAT® FRI FM B/78 s 1

31 I £ 2 4 sq 111 4“0 3 5

12 a 12 3 u 0 79 12¢ 3 3

33 3 13 3 u 17 92 108 2 3

34 1c 13 3 u 52 152 0 “ 7
ToTeaL NUMBER OF EONFLICTS = 3o

Figure 40. Example GEOPRO Output Report (Continued)
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Plots incliude an overall Ilayout of the
system (Figure 38), the intersection detail
and vehicle paths for each approach (a single
example of which is shown in Figure 39), The
composite vehicle paths, showing all poten=-
tial conflicts can also be plotted, an exam~
ple of which (for a different case) was shown
in Figure 36, The plots may be interactively
displayed on a CRT screen as well, if appro~
priate hardware exists,

The tape for SIMPRO contains extensive de-
tails needed for the simulation. These data
may aliso be written to disk storage if
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 printed output that are the driver-
vehicle tables are illustrated in Figure 41,

Traffic Simulation Processor (SI|MPRO)

A similar input data echo is (issued by
SIMPRO, but for the cards input exclusively
for this subprogram,. Other input data

reports also provide more readable formats of
the data for the system (Figure 42) and the
traffic controtl.

The summary statistics for each approach, as
well 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 itself,

Punched card outputs include the data listed
In Figure 42, Specialized evaluation pro-
grams or existing statistical packages (SPSS,
SAS, etc.,) could be used to evaluate the
results of alternative simulations,

Diagnostic Messages

Each processor has its own set of error mes-
sages, which are too numerous to list here.

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 execution stops.s This could re-
suft in several runs to "debug" the Input
data.

Some errors are only detectable during execu-
tion in SIMPRO, These are |ikewlise reported
and the simulation is terminated.

ADDITIONAL FEATURES

The TEXAS simulation model produces a real-~
istic simulation of intersection operations.
The variety of inputs and outputs have been
discussed previously and those discussions
covered most of the available options. A
summary review of these would appear to be
warranted, however,

feasible

i« Geometry - any 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
classifications, all randomiy assigned,

3. Turning - lane changes; right and left-
on-red; U=-turns, protected, permissive
and unprotected,

4, Traffic Control - no control; stop or

yield sign control; and/or fixed time,
semi~actuated or full-actuated signal
conirol. The l|atter may be based on

detector calls set in the pulse or
presence modes.
5« Outputs - printed Input data, intermedi-

ate results and summary statistics of
fraffic MOE; line plots of geometrics,
furning 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,
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MINTMUM HeeCWAY FNR VEHICLES (SFCI ~-—=
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NUMBER OF DRIVER CL &SSES
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NUMBER OF LANES ==-=m—-———m=ew--

NUMBER (F DECRFFS FNR STROIGHT
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FEPCENT GUIKNG TN NUYBDUND 8FERNECHES ~-
USER SUFFLILD FERCFKRT (F VEHICLES =w=---

VERICLF CLESS NUMBIR ——=——-s-mro——-
FRUCRAM SUFFLTED FFRCENT OF VEHTCLES ==

FARBMMETER
7740
2540
s E 7
N. 56. U4,
ne
1 ? 3 q

200 37,0 30.0 1%.0

(MEDIMN LONE)

(CURE LAONE)

FERCENT DF TROFFIC FNTERING ON LONE 1 ~ 3%,
FERCENT NF TRAFFIC ENTERING DN LANE 2 ~ 34,
FERCENT DF TF4FFTIC FNTERING ON LONE 3 = X3,
YeRLFE § - NAIVER ONR VEHICLE CLOSS CHe"ACTFRISTICS
USE® SUFFLIEN DPRIVEP CL8SS SELIT -=m-e- NG
USHR SUFFLTED VEHICLE CHBRECTEFTSTICS - NN
USER SUFFLIED DRIVFF CHARSCTERISTICS -- KO
VEHICLE CLOSS NUMBFR == -eom-cmmomes 1 2
VERICLE LUGGUT SUMMRRY RFOUESTFD NOOND
CRIVFR CLASS NUVBFR ===-—=-mmemm 1 2
NRIVER LNCCUT SUMMERY PEGUESTED AP YES

NRTVER CLESS SFLITY

4
YES
3

NI

(FPOGROM SUFFLTFO VALUES)

ORIVER CLBSS NLMBFR —=--w-c--eroc---

VEHTCLE CL®SS NUMBER
VEHICLF CL8SS MUMBEP
VEKTCLE CLESS MUMBER
VFHICLE CL&SS NUMBER
VEKTICLE CLOSS NUMBER
VEHICLE CLASS MUMBER
VERICLE CLASS NUMBEFR
VFHICLF CL&SS NUMBER
VEHTCLE CL <SS MPUMBER ¢
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Figure 41,
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TEELE B - GHENFERETION NF SFFRNCH HEMDWEYS
EFFRGACH DISTFIAUTICN NUMEE VOLUME INFUT PERCENT
NUMBER N8 MF GFNFROTFC GENERSTENR VALUME OTFFFRENCF
1 SNEGFY T 713 1112 1067 4.22
2 SMNEGF XF 24t Qi€ 80% 3.4
3 SNE GFY F 121 484 530 -8.FR
4 SNEGF XF 18¢C 120 147 =3.F1
TUTAL £14 £7527 2249 0.0¢
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i70.00 e 1 1% 5 ? L} 1
12C.CC 9 1 15 L} 2 L} 1 1
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2 SFECISL VEHICLE o< FReD I
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14 HEADWAY LFSS THEL: 1,C SHCPNDS FRGM PREVIOUS VEHICLF ON SOMF
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TORLF B8 - FINEL PFFPIOCH VL UMES

SErC I 8L VEHTCLF®S CENFRATFD  VEHICLFS
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3 c 4] 218 1112

2 1 4 736 Q3E

4 c c 121 484

4 1 ] 180 120

TLTAL ? : [ 813 3257

7 SFECIMN VFHICLES WFRE RERD IN
O SFECI®L VFHICLES WF RF ELIMINOIFD
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T0T

NUMBER FOR
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JRIVER=-VEHICLEt FRUCESSNRE FUR THE TEXAS JPOFFTC SIMULMTIDON PICKAGE FOCE

249 BSHLEY DR. & KENNFNY BLVO.-FXIST, GHOMETRICS & TRAFFIC DOTA FRI PM 6/78 s

TEELE 9 - STATISTICS (OF GFNFRRTINN
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QUIPOUND SFFROACH NUMRER ~=ce-c-ecaa- L] € 7
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VEHICLE CLESS NUMBER -=o-ecccccoonoo 1 ? 3 4
GENFROTION FFRCHNT NF VEHICLES ~=cmcee- 18.0 3546 32.7 11.5
FERCENT OF TRAFFIC ENTERING UN LONE 3 - 26,9
(MEDIAN LENE)
FERCENT DF TFRFFIC FNTEFING ON LONE 2 - 36,3
FERCENT OF TRAFFIC ENTERING DN LANE 3 - 33,8

¢CURB LONED

5
Oe ¥

SPPROMCH IND LONE

L

F

3
0.0

VEHICLFS

VCLUME FNR
SIMULETION

?
0.0

Figure 41, Example DVPRO Qutput Report (Continued)
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START-LE TTIME (MINUTES | =--
SIMULITION TIMF (MINUTES) -
STEF INCREMENT FNR SIMULATIONN TIME (SECONDS) -

SFEEC FCR CFLAY BFLOW XX MFH (MFH) ==--—---cmmccman =
MAXIMLF CLEAR OISTANCF FUR BFING IN & QUEUF (FT) -- =
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CAR FILLOWNING EQUETION MU
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FUNCHZD DUTFUT OF STATISTICS =-re--moomme--ccacewoo =

WRITE TapP: FOR FOLLUTION DISFFRSION MUDFL - -z
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Figure 42,
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GEOPRO and SIMPRO use a special storage-man-
agement and logic-processing program called
COLEASE (COordinated Logic Entity Attribute
Simutation Environment), This program accom-
plishes two objectives: (1) it provides a
mechanism which maximizes computer bit usage
(storage) by disregarding normal 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 for the
packing and unpacking of variables, The
Fortran code that is part of the TEXAS Model
and generated by COLEASE wili run on any
computer that has a Fortran compilier. To
reduce computer time, these COLEASE generated
Forfran routines have also been coded in
machine language for (OC and IBM computers.
These routines are completely fransparent 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 all be investigated. While separate runs
are required for the three main processors,
many runs could be made, say, with the Traf-
fic Simulation Processor, using the same
outputs of the two preprocessors,

While the TEXAS Model is extremely versatile
and powerful, several limitations warrant
notice. First is the absence of any effect
by pedestrians., All-red signal phases can be
modeled for pedestrian intervals at signal-
ized intersections, but the interference to
traffic by pedestrians moving simultaneously
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 using different
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headway distributions or parameters for 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 consumption or vehicle
exhaust emissions are presently included in
the model; however, the Center for Highway
Research is presently programming a fuel con-
sumption and emissions submodel to add to the
tratfic simulator,

Finally, there is no provision for 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 avallable
arrival distributions, this type of effect
cannot be simulated except by direct user in=-
put (special vehicles) of driver-vehicie
units to OVPRO,

the TEXAS
is an extremely
practicing traffic

Despite these several I|imitations,
intersection simulation model
powerful ‘ool for the
engineer,

EXAMPLE APPLICATION

The previous intersection example problem of
Ashley Drive and Kennedy Boulevard, used for
the - SOAP model, was also selected to 1llus-
trate the use and capabilities of the TEXAS
model, The following describes the problem
and the use of TEXAS to evaluate existing and
alternative intersection operation,

Problem Description

The intersection location, geometric and
traffic control characteristics are the same
as that described in Chapter 4, page 50. I+
Is desired to determine if new signal timing

would improve traffic flow and to determine
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what benefits would occur if the curb return
radius on the northwest corner were in-
creased.

Analysis of Existing Conditions

As with all models, 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 geometricse To code data,
it is necessary to define approaches, lanes
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 1" = 20!
scale plan was utilized,)

The geometrics of the intersection are coded
based upon a coordinate system. For this
problem, a system of coordinates was assigned
to insure that all coordinates would be posi-
tive numbers,

In addition to the geometric configuration,
it was also necessary Yo define approach vol-
umes, percent in each lane, turning volumes,
speeds, etc. Figure 44 illustrates the
standard coding forms and coded data required
to represent the example intersection
problem.

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 istics within the urban
area, |t was necessary to use the default
values, However, communities who use the
TEXAS Mode! extensively would want to conduct
some reseach to determine if any changes are
needed to -reflect local conditions. Some
judgement was also necessary to code headway
distributions. There is a supplemental pro-
gram (DISFIT) which is available to determine
the best fit to an existing distribu~

tion. However, since actual data were not
available, the user manual recommendations
for medium to high volumes were utilizeds A
similar problem occurred in coding the data

for the simulation processor where it was
also necessary to use the user nmanual
recommendations on car-following equation

parameters.

Some problems did occur during execution of
the mode!l because of coding errors and sever=-
al runs were required. Most errors were re~
lated to coordinates for some of the geomet-
ric features as well as improper coding of
some clearance Iintervals for changes In
signal indications,

Figure 45 illustrates the graphical output
obtained from TEXAS Model showing intersec~
tion geometry and vehicle movements., Other

plots obtained were
Figures 38 and 39,

shown previously in

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
well as a source listing of input data vari-
abless Portions of this output are shown In
Figures 40 and 41 as example output and have
not been repeated here.

Figure 46 presents summary statistics of the
simulation processor for existing conditons,
There were actually 1wenty-three pages of
output, however only the portions concerning
overal| intersection operation and operating
characteristics on the north approach (which
would be affected by geometric improvements)
were included.

These statistics should be compared with
observed field data to determine if the model
does represent actual +traffic operation.
Data which could be useful for this compar i-
son would Include data obtained from a typi-
cal intersection delay study (Reference
4.,10), Field data should be obtained on a
per lane, as well as on per approach, basis.
Since this study was not done for this loca=-
tion, a comparison is not possible.
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TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION
TRAFFIC

THE TEXRS MODEL FOR INTERSECTION
GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT

TITLE CARD (MANDATORY!

SHEET / OF /(

IRTE

PREPARED” BY %—‘

FORM 1

UP 10 80 RLPHRNUMER[C CHARACTERS - CENTERED
T

E3F AsHiey PR, Kenbeps Biipa EX)s

¥ DESIRED
sl GrokeTAICS £ TRAFE(C DATA FRI PN

bL78. 5
L T L R s . )

SIS e s L ST T O L N T O N

NUMBER OF INSOUND APPROACHES (MANDATORY)
NuMBER oF

foiresue | 1 <= NUNBER OF INBOUND APPROACHES <= 6

b 3

LIST OF INBOUNOD RPPROACHES (MANDATORY)
INBOUND RPPROACH NUMBER

1 sz INBOUND APPROACH NUMBER <= 17

-

(MANDATORY }

NUMBER OF OUTBOUNO APPROACHES

ki

UTBCING.
eeronches|

3

L

| <= NUMBER OF OUTBOUND RPPRACHES <= &

LIST OF DQUTBOUND RPPRORCHES (MANDARTORY)

——
OUTBOUNDG APPRCACH NUMBER
” B C 0 € 3

Y i v VEMRTINED (3 AT SN K B € 3

1 < QUTBOUND APFROACH NURBER <= 12

PARAMETERS OPTION CARD [MANDATORY)

@ et e e e e e K e € e K K e e

[ o Zz o~
5% | 82T [nininuaf NUTRER [NUNGER
2o | =00 [N o
EEE | el OO |vericLE) ORIVER o
282 | 21 ook SEGjcinsses|casses uon
2% | 57E |05l -floeecio | perss [ O

Pt g e e et ) (e

bt B R AT e o e tom s

PROGRAM 152217R AND 1522178

GEGMETRY AND DRIVER-VEHICLE PROCESSOR INPUT

APPROACH CARD (MANBATORY)

CODROAEOEOOITIOIOIOIXAI XTI XTIX

ORDER OF
NUM M/0 CARD TITLE

INPUT CRROS

TITLE CRROD

NUMBER OF [NBOUND APPRORCHES

L1ST OF INBOUND RPPRORCHES

NUMBER OF OUTBOUND APPROACHES

L1ST OF OUTBOUND APPROACHES

PRARRMETERS OPTION CARD

APPROACH CARD ---- GROUPED

TRAFFIC MIX CARD - GROUPED

LANE CARD GROUPED

ARC CARD 1

ARC CARD 2

LINE CRRC 1

LINE CRRD 2

SDR CARD 1

SOR CRRO 2

PLOT CARD

OPTIONS CARD

DRIVER mIX CRRD

VEHICLE LENGTH CRRD

VEHICLE CPERRTIONAL CHRRACTERISTIC CARD
YEHICLE MAXIMUM UNIFORM DECELERATION CRRD
VEHICLE MAXINUM UNIFORM RCCELERATION CRRD
VEHICLE MAXIMUM VELOCITY CARD

VEHICLE MINIMUM TURNING RADIUS CARD
DRI1VER QPERRTIONRL FPCTOR CRROD

CRIVER PERCEZPTION/REACTION TIME CRRE
SPECIAL VEHCILE CRRD

NYMBER OF CARDS 1¥ 15 VARIABLE)

MANCATORY GR OPTICHAL

SHEET
DARTE

2k
PREPARED BY

FORM 2

. v |seeeo COMPLETE FOR INBOUND RPPRDACHS ONLY
reeroncnin2 (wu rh(COORD- 1c00RD- (L (M1 T (MUIBERISE. To 2 o vmLen % OF VERICLES 10 oz,
MurBER {IN DEG L TNATE [ INRTE | IN || anee [zSF(s257| [prstrisuTion] wouny: lorstmisustow QuUTBOUND APPROACH cE3%
IN FT|IN FTIMI/HR R ] NRME v i | Fane $x58
8 5858|5850 o o|lelF I—::=
- IR Y RTINS 1Y MY U SLY (LTS D L ECI W47 (501 MY £TF £ L Nk 36 62 MO TR ) (O UTh L] G W AL
130 s00(12.00] 3 SV E6ENF] 1067 9
£ S 8 e JUTWNE € MW TS Oy W B3 FUg £ EETY B3 (0 0 6O CI -0 5 € T 2 L 1 ST Iy A0 § £ T 62 (7 T Ly MY L1 Wil A1 B (1 |
smmions < s
VANZER, e Samnn 1 0oNRL ANEOEXP/ SHEOE xP/UNErORN
13 10Faen waue (eousorn ue oF Do) TOR nERkeZ/VARIRNCE (PRRRNETER > 11
i et VR AR
{2 s ):N)“W DEVIRT{D:
£ Shibaun st gy e coammncn o o vesouns < s800rvoLane
o5 ® 2 g3u33eancan sPECO <= 50.0
Vi LS T BuTaotnG arrRoRcH <= |06 N3 S0 cauaLs 100
TRAFFIC MIX CARD (ONLY IF APPROACH CARD COL 78-80 = YES)
7 OF VEHICLE CLASS IN APPRORCH TRAFFIC BY VEHICLE CLRSS
Q1 02 03 04 0% 11 12 13 14 15
T 3 - COMLINT ST ML) 1N (1M 1Y T LW £ TSN 0 (1) JST 3% 93 yo sefer o7 ga a3 ) STERI
I W T3 SIS YIS T ) VB OO (TN 0 0 73 T T T € T 3 (TN T T 3 ST 3 (OO N I £ TS (TR Y (T L2 3

0.0 <z % YEWICLE CLASS I APPROACH TARFFIC <= 100.0 AND SUR EQUALS 100.0

LANE CARD (MANDATORY}
INFORFATION FOR LANE 1, THEN LANE 3, AND THEN LANE 5 INFCRMATION FOR LANE 2, THEN LANE 4, AND THEN LANE 6
LANE % ApeR LANE % APPR
WIGTH|[BEG 1[ENO 1[BEG 2]END 2 xYSBSEEo WIOTHIBEG 1 | VoLune
IN FT ) ONLY) DHLY)
g = 1 ST RRTHRTS M W e ELam s s e £ 5 o O o ) U
N2 39 2
LA o .6 > )|
- - | AFASTOR] SKLS GLA T 13 13 F13 60 I D0 T YV T3 1 90 T BT (T Y BT [ TS (T3 T n!lv W T 1) L W
8 << Lne wiomn
0 <3 §€G)
Forall LanE (33 w0t
R VRNE BLOCHED AT SiarT
FOR LanE Bracked Al )
F0R URNE BUOCAED TN RIDALE SPES]
04 " RePR vacune <
PROGRAM 152217R AND 1522178 FORM 1435-}

Figure 44, Coded Input Data
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TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION
THE TEXAS MODEL FOR INTERSECTION TRAFFIC
GEOMETRY AND DRIVER-VEHICLE PRGCESSOR INPUT FORM 2 CONTINUED

SHEET _3 oF .&_
DRTE

PREPARED BY

APPROACH CARD (MANDATORY)
[ COMPLETE FOR INBOUND APPROACHS ONLY
X v [sPeEDp o b
peroachlnz (muTH|COORD= [cooRD-1L T M I T [NUIBERISE. 5,2, [—— MEAN 857% 7 OF VEHICLES 10 on
NURBER | TN OEG | INRTE | INATE | IN || aueg [zo28=E251 JorstrIBution) wo orsrateution] SPEED | SPEED OUTBOUND APPRORCH cEgg
INFTIN FT|Mi/HR Bt e NAME 2 PARAMETER N IN Ealn
256|258 Mi/wR [ Mi/wr { R | B | €} D | E|F JREES
Y § I S TUY O N ST Y AT MY W00 0 0 0 ) G WA 1) T N I IO S (N 190 150 2 (L0 5 ) 0 T 5 3 T L7 D (TN £ ST WATD ki . 3 ISRTIY
LAl T2 WY Y7 A ST N, o S W BCEL LI F BTN i Wy 1 1T X N I S
LANE. CARO |MANDATORY)
INFORMRTION FOR LANE 1. THEN LRNE 3. AND THEN LANE INFORMATION FOR LANE 2, THEN LANE 4. AND THEN LANE 6
LANE TT] LANE % APPR
”o;? BEG 1[END 1]BEG 2|END 2| JulL|s|R WIDTH|BEG 1[END 1|BEG 2|END 2{ [ufiis|r T
IN FT LY
¢ € T ) A1 (LT M T 1 (1 €T 18 £ E B £ e T T3 a1 LTt 1 1813 8 118 1y L e T e
V. DL 72 o ¢ of Gial [ Bl ] 3%
NVi 7, (62 5] o] ¢ 4.6z 20
Yo CERY RO T3 17411 FC 12 (0 A 3 1N T 2 TS T TS [ TS (T Y L TR 08 143 1 MmO L e
S
GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED ::Es' Z °;,/
APPROACH CARD (MANDATORY) PREPARED BY
COMPLETE FOR INBOUND APPROACHS ONLY
X v SPEEDL ool -
wrronculazinuTICOORO- [COORD- (L 1H1T [NUMBER |53, 1o, 2 oy uaewt MERN [ 85% % OF VEWICLES TD 50
NUMBER | I DEG | INRTE } INRTE ] [N =SS alTT) J0ISTRIBUTION orsrrigutionf SPEED SPEED OUTBOUND APPROACH cEz%
FT T LANES g5gs |z5o0 NARE munz w PARARETER T N
N IN FT[MI/HR SEEZIE R IN a ExC3
25-°|3%8 MI/HR nr/m? 8 0| E|F |7z
o En £ e T TS 2013w £ £ e 34 o T A 3£ ot B OB 1 8 T O T 18 1 (1 W0 s 1 1 e
3.5% Lo, 30| sd/ce.EnP g.90| 22.0! Z5.0
s £ £ v 8 (LT T ) LT i e b e St ot e e o e e A e e e e S
LANE CARD (MANDATORY)
INFORNATION FOR LANE 1, THEN LANE 3, AND THEN LANE 5 INFORMATION FOR LANE 2, THEN LANE 4. ANO THEN LANE B
LANE L aPeR LANE 7 PPPR
HIDTHIBEG 1|END 1]BEG 2[END 2| [ufL|s|r BT WIOTH|BEG 1|END 1|BEG 2[END 2| Juft[s|r R
IN FT oy INFT O
R i ;é.na&z T e s e g Tt 3 e
L XA ] 377 A7
S S M § I A W TN N § €5 THE TR G T W Y £ l T i IR JI 30 BOF W 37 3 5 gle o TS 1 W 3 N300 53 /9 (3 300 T 1 (TR (Y O LI ) AW S W T
GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUEQD SHEET :.{___nr /&
DATE
APPRORCH CARD (MANDATORY) PREPARED BY
COMPLETE FOR INBOUND APPROACHS ONLY
X M AL PP B
eoaoncn|2 1nUTH(COORD -[COORD-{L TMIT 0D RlsBe ts.8 E0UTVALENT MEAN 857, 7. OF VEWICLES TO weso
NUnBER | 1N DEG | INATE JINRTE | IN || giee [=e2%[e2% %] |orsTRIBUTION| nourir’ forsirieution SPEED SPEED OUTBOUNG APPROACH $837
INFTLIN FT I /MR R ] NAME OLUME IN| PRRRMETER IN s oos
245" |258° o HI/HR miswr | A clo e |F |Fe®
Gty 4 € T T T T im0 TR 1 T »., wmuuquWMnununqulLﬂl‘"W T, J1 Lt i s W
£33 W SN . 24.0] .30.0| .69
Herr A C AN 1) MO NS O W 707 XN AN 74 IS, 2 T30 O I B, FIA T Ty € et
LANE CARO (MANDATORY )
INFORMATION FOR LANE 1. THEN LRANE 3. AND THEN LRNE 5 INFORMATION FOR LANE 2, THEN LANE 4, AND THEN LANE B
['Cane r % APPR LANE % APPR
HIDTHIBEG 1|END 1|BEG 2|END 2| IULIS|R R WIDTH|BEG 1[END 1[BEG 2|END 2| [UlL|S|R RECEHY
INFT LY INFT ONLY )
T e T e R A e e e I T T
o] d 9 o] #£27
VY S, B X N X 3
S R £ s e » TS O T T 048 14O 10 3 o T G T T 0 Y37 T 3 L I TR s
: & /&
GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED SHEET oF
Y
APPROACH CARD (MANDATORY] PREPARED 8
. . efo COMPLETE FOR INBOUND RPPROACHS ONLY
nonculaz |nuTH|COORD-[COORD- LIHIT NURBER.E. s 2, MEAN | BS% % OF VEWICLES 10 o5.
wmec |1n 0£G | TuATe | INATE | In || O o |<o2B)E32 ) forstrraurion| Criun T lorstetaurion] SPEED | SPEED 0UTBOUND APPROACH R
INFULIN FT [M1/HR S lgrEsigsst NARE voLune | Paa 1R N IN N
2gaclz5E mi/WR Jmiewg | R B | C D EJF e
s v s & i 3 TS WS (3.7 130 3 €07 28 LT A4 730107 U1 £ 0 TN 0 30 \ 25 78 1 S 8 TR, 5 3 13 3 . 138 OB (320 T 0 T O L 7 D L 0. 3 T W 1
B K 2 X 2 e ST NC (A P M oy e
LANE CARD (MANDATORY!
INFORMATION FOR LANE 1. THEN LANE 3., AND THEN LANE § INFORMATION FCR LANE 2, THEN LRANE 4., ANC THEN LANE 6
LANE % APPR LANE % APPR
WIOTH|BEG 1{END 1]|BEG 2[END 2| ju[L[S|R R WIDTH |BEG 1(END 1]|BEG 2|END 2| [UJL[S|R | 1NBOUND
IN FT ONLYY IN FT NLY )
e e g € ot YT Y 1 Lt 3 11880 3 o 1 1R T € o L S et e €A 1 U 1040 o 1§ om0 (0 0123 3 0 ] U
ol 610 A 2 /2 2|
1 F AR, ol 610 3 ] |
R s € B 8 7 0 U UL T (7300 S VORS00 3 3 L R S TR R 1L M L RS G L U
§ 5r yne wiop e 1
0,708 Jusoune Lpnes)
81 EE o
Enpsiva
32 15bo (1612000
ERRILA
|~|mu~o ﬂ!PIDREN! ony
FORM 1435-2

PROGRAN

Figure 44,

152217/ ANO 1522178
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Coded Input Data for TEXAS Model of Ashley Dr., & Kennedy Bivd. (Continued)
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TEXAS

TEXAS STATE DEPARTHMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION sweer = oF /e
ORTE .%,
THE TEXAS MODEL FOR INTERSECTION TRAFFIC PREPARED ‘BY

GEOMETRY AND ORIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED

APPROACH CARD (HMANDATORY)

X COMPLETE FOR INBOUND APPROACHS ONLY
PPRORCHIA2 | AUTHICOORO- MEAN BS7 % OF VEHWICLES 10
RSeA [ i DEG IHATE 0ISTRIBUTION Ohaun v lorstraurion] SPEED | SPEED OUTBOUND APPRORCH
IN FT NANE VOLUNE IN [ PARRANETER IN N
Ve niowg o | R B L CHD]E
o o o 2t 7 3 13 3 1 e D13 £ L ey O
Sof . . . |
Yy I I (3 ] I S T Y SN ST T D 1 T 5 03 (THLTS CMT TS OO LTS MG NS A WAL 1 M M LM TS
LANE CARD (MANDRTORY!
INFORMATION FOR LANE 1. THEN LANE 3. AND THEN LANE S INFORMATION FOR LANE 2. THEN LANE 4. AND THEN LRNE 6
LANE % RPPR LANE PR
WIOTH]BEG 1[END 1 ufufs|r \ {500 u10TH |BEG 1]END 1]BEG 2[END 2| fulLisir youune
IN FT oNLY) IN FT ONLY)
¥ S ¢ L1 bty s o Lap 36 2407 1) 85 TH €T Y 10 3 £ ¢ 3410w (1D 7 €51 413 1) G e Tt gy
0] 249 CINENS
of 3¢o ]
o e e B 3 0T 31 TR 0 | YBT3 © a8 1 T 3 R OO 31 0 AT RTS rea
GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT - FORM 2 CONTINUED SHEET & of L&
7
DATE
APPROACH CARD (MANDATORY) PREPARED BY _ASH
I COMPLETE FOR INBOUND APPROACHS ONLY
X ¥ o IEEED umpentE ;
1nutnlc00RD-JCORD-[L FHIT[MERE sty fan 8 e outvaLEnT HEAN BS% % OF VEHICLES 10
wunBEN | 1N DEG IN oSS |eiT 1 |DISTRIBUTION] rourcr foistrisurion] SPEED | SPEED OUTBOUND APPRORCH
MI/HR LANES =E§§ sé’g NAME YOLURE IN | PARRNETER 1 N
2571258 venme miskr fmionr | RJ B ClDTE
NS W ¢ - O} a 0. G- 0 €208 1 (o o w3 41 M B TN B SO 9 (OO 00 [ (o T £ o ¢ & v | {TSRCEATS Y00 18 G IATR T
LN 0 | T W UV Y VNN SV S5USSUFIIU SURDNAEIN JOSURS YR ) S -
LANE CRRO (MANDATORY)
INFORAATION FOR LANE 1. THEN LANE 3, AND THEN LANE S INFORMATION FOR LANE 2, THEN LANE 4, ANO THEN LRNE 6
LANE % _APPR LANE % APPR
WIDTHIBEG 1[END 1]BEG 2|En0 2[ [ufc|s|r BT WIOTH[BEG 1[END 1)BEG 2(END 2 [ufLlSIR rtas
IN FT onLY IN FT ONLY
ry ¢ 2 e 3 5 557 ) 31110 o TR 4 B DD W € S S0 530 o ¢ 19 (L0100 ¢ 1 (10 €18 6103 1 € WL O A7) I
7l 1 .42 23, Ll ol .43, 2 r
] | 1 |
e rdr e e e e e e T e A T TR r S TR T R AT s e
SHEET _9 OF /é
GEOMETRY AND ORIVER-VEHICLE PROCESSOR INPUT - FORM 3 ORTE _m%_
PREFARED BY 38
ARC CARD 1 (MANDRTORY) LINE CARD I (MANDRTORY) SBR CARD 1 (MANDATORY!
UNBER NUMSER NURMBER
or e Lines so0R°s
T - .
7 23 )
'yt o 4
0 43 MUABER OF ARCS ¢7 20 0 <3 NUMBER OF LINES <: 100 © 4z MUMBER OF SOR"S «<: 20
RRC CRRO 2 LINE CARD 2 (MAX=10G CARDS) SOR CARD 2
(ONLY |F ARC CARD COL 1-4 GT O) (ONLY [F LINE CARD CCL 1-4 GT 0) (ONLY IF 'SOR CARD ! COL 1-& GT 0}
ARC x Y BEGIN | SHEEP lonpiys LINE |x BEG|Y BEG|x END|Y END SQR ¥ COORD-fr cOORD-
NUMBER cls'r.rsrn clz'rx'z'k n[szqur; mlc&zu nFr NUMBER[IN FTLIN FT|IN FI|iN FT NUMBER| MFIE Ih[IRSIE i
— f s v e o B o i 2 S e S 3
) 4 I ¢35 5551 454 5, 1774
r| < 90 0 L6 v (i f| 574 2z
X ¥ L) (] 1 x Y RT) O 3} 577
£l .57 g - L9 # 6] 5551 5% X3 3
S 22 3 =) 10 L 5] .578] So k] Soo
X4 86 of -4 .. Ll .getl 428 s49] 27
2 {5 2 $27] 420 £/,
G L i/ 2
L7Z si/l 27, 27
1.9 4251 4321 455] 57/
WX 02| sif| s2f] g20
L £ 20| 52 2
LS 2 2] 50, y.0, DU S
Wi 0, D, W ]
L X3 . 701 5,
AR Y% T X3 % 9
7l .5 s 0 275
3 R AR AT IS -
e :
SIS IS S SN SN SUSN R VO 157§ /10805 BT BN S B
it R o faisl o ol 553 § < tonotian
nv--:‘;;"z‘zsgx - 23] g251 59°| 288 55 0 <z ¥ COORDINATE
SHEEP AMGLE <= 38
+ RADIUS <3 17 [ A R TS R VR RNV S I S
g £ e 3 T} (T 3
4z LINE NUMBER <z |DQ
IR T
8
PROGRAM 152217R AND 1522178 O -'CHECK IF CONTINUED FORM 1436-1

Figure 44, Coded Input Data for TEXAS Model of Ashiey Dr. & Kennedy Blvd. (Continued)
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TEXAS STATE DEPARTMENT OF HIGHWRYS AND PUBLIC TRANSPORTATION
THE TEXRS MODEL FOR INTERSECTION TRAFFIC

SHEET /0 OF/(

ORTE %

PREPARED BY

GEOMETRY AND DRIVER-VEHICLE PROCESSOR INPUT - FORM 4
PLOT CARD (MANDATORY)
PLOT OPTION PLOT SCALE PLOT SCALE HINIHUR

PATH 1YPE nopLaT/pLoTs | PLOT TYPE  ractor IN FT/1N| Factor v F1/in |TRXIMUM RABIUS]olstance Lo marce
anxnuﬂ;éan;oulx PLOTI/PLATR) {SAME/SEPARARTE ) FOR RPPRORCH |FOR INTERSECTION FOR PRTHS IN PB“EII"HSEEINN N 127300

OEF=PRIMARY ORFLELaT DEF=SEPARATE DEF-SCALED DEF=SCALED FT DEF=500.0 [FATS 1N Toeea0
§ o B Y S B BT ) 13 EF MY WL RS T £ ) ARG on TH C S  TTW- WELINE . S CY 1C  NT A 3 1) 70 5 T A R ) O T )
rrrrr e e el s e e e e T T e e

6 vi mININUA G

¥00.0 <x MRXIHyn RAOILS FOR PATHS <2 800.0

TSTANCE BETWEEN PATHS <= 20

OPTIONS CARD (MANDATORY! (YES/NO WITH DEF=NO FOR ALL)

oi au | =% LOGOUT SUMMARY FOR
il [iatetd i LOGOUT SUMMRRY FOR DRIVER/VEHICLE UNIT BY VEHICLE CLASS ORIVER/VEHICLE UNIT
LR BY ORIVER CLASS
Ag) ™" | "1 0 Joz J o3 ] o« Jas Jos o7 o8 J o5 [0 i [ iz 3 [ « s I A I A
I B O B 1 5T 3 BEREY (MY £ RN £ a3 119 L0 3 F1UD 012 T3 10 301 MW G ) OO O r r T3 O T
[RIA A RIYRIA [} o _|yo v
i o S B ] T (AU 1 W o i i i ComC) ey O w0 T 3
ORIVER MIX CARD (ONLY IF OPTIONS CARD COEL 1-3 = YES)
PERCENT CLRSS 1 DRIVER
IN CLASS J VERCILE
ORIVER | ORIVER | DRIVER [ BRIVER [ DRIVER
CLRSS 1 JCLRSS 21CLASS 3|CLASS 4]CLRSS §
20 1 € W ST 00 7 3 (e BT 3 (R
VEHICLE CLRSS 0! - B . . ONLY IF TNE NUNBER OF VEMICLE CLASSES => Oi
VEHICLE CLRSS 02 OMLT IF THE NURBER OF VEWICLE CLASSES =» 02
VEHICLE CLASS 03 ONLY IF THE NUMBER OF VENICLE CLASSES => 03
VEHICLE CLRSS 04 ONLY IF INE NUNBER OF VEMICLE CLASSES = 04
VEHICLE CLRSS 05 . > - B e OMLY IF THE NUMBER OF VEWICLE CLASSES => 05
VEHICLE CLASS 06 ONLY IF THE NUMBER OF YEMICLE CLRSSES => 06
VEHICLE CLRSS 07 OMLY IF TNE NUMBCH Of VEWICLE CLASSES => 07
VEHICLE CLRSS 08 ONLT IF TWE NUMSER OF VEWICLE SLRSSES <> 08
VEHICLE CLASS 09 ONLT 1F THE WURBER OF YEMICLE CLRSSES =» 08
VEHICLE CLASS 10 . - - GNLT IF THE NUMBER OF VENISLE CLASSES => 10
VEHICLE CLRSS 11 : - v ONCY IF THE NUMBER OF VEWICLE CLASSES =v 1y
VEHICLE CLARSS 12 VU AN - ONLT 1F THE NUMBER OF VENICLE CLASSES = 12
VEHICLE CLASS 13 [ wus. | . ONLY IF THE NURBER OF VEMICLE CLASSES =2 13
VEHICLE CLRSS 14 - OWLY IF THE NUMBER OF VEMICLE CLRSSES = 14
VEHICLE CLASS 15 DU VSN N R ONLY (F tHE WumBER DF VEMICLE CLASSES 5 1S
0.0 «z PERCENT <z 100.0 AND EACH ROW Sum EQUAL 1€0.0
PROGRAM 152217A AND 1522178
GEOMETRY AND ORIVER-VEHICLE PROCESSOR INPUT - FORM 7

SPECIAL VEWCILE CARD (OPTIONAL) (MAX=UNLIMITED)
QUEUE-IN VENICLE|DRIVER [ DESIRED | DESIRED | ygayyn f1ngnunp} YERICLE
TIME [N SEC | CLASS | CLASS | FSE0. (M SR80t levrrnncn| Lane | £O300T
T e B FHG S BT T T B 1 i 3 A 307 L =
. O
22090 ] 2| ¥
e ]

PROGRAN

Figure 44.

U o) Uy S AT Y 1051 ] R (U007 2 0 09 € A L 1}

522178 AND 1522178

Coded Input Data for TEXAS

F L BwES
iy

&

ran_iu
RSTI
]

oo
ANE

D ArPROACK
N 1S CURS LANE

FORM 1436-2

FORM 14361

TEXAS

Model of Ashley Dr. & Kennedy Blvd, (Continued)
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TEXAS

TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION sweer _{2-or /€
THE TEXAS MODEL FOR INTERSECTION TRAFFIC ggéﬁnﬁ}%
SIMULATICN PROCESSOR INPUT - FORM |
TITLE CARD {MANDATORY)
) UP TO BO ALPHANUMERIC CHRRACTERS - CENTEREDLIF OESIRED
v - T AL . 2,45 ] ) X

PARAMETER CARD LMANDRTORY)

seeen |g Bt TRADIT1ONAL z ,;% 52 [vewcae conrLicr orTiowm, — Tarth? bR ot
IsTart -uPSTHULAT I ON "‘C:U"'" oecay [Zutz CAR-FOLLOWING 855 13 Z23g [ZONE TIMES IN SEC
n:ol:ulu IlgENIN stllnuzumulun x'x[:r“n “¥2y| FEOQURTION PARAMETERS |33 :g 3 3% LEAD LAG
o &= 581 38
™ s el f22¥| CamBoR | MU | ALPA | ¢ af %[ zone | zone
R L ;. 2 A B A B B N W v HIN i a2 T MDA R AN (39 NI
122l e ANCH CIIN ¥ 1T RIZN SOV JF I-1 NS T N

Biffus stantoolt 11 m 11cs T oATHERED ORDER OF INPUT CARDS
5180 ; ‘7” " ! ,"ﬂ F*i ARE ‘Ilulsv
' R | ,(:': non InE (0% «a 1.80 NUM M/0 CRRD TITLE

RECONRENDED 16 30 1 M TITLE CARD
3" 8% ‘°""‘:§‘§§ H gg { M PARAMETER CARD

| # LANE CONTROL CARD
10 CAM STACK CARD 1

L S0 V0 CAM STACK CARO 2
| 0 SEMI-ACTURTED SIGNAL CONTROLLER PHASE

§uon 3 . CAROD 1

.'s.‘.s""ﬁ Eoiamn WY FOR CONRECTING THE PROVARN 1 0 SEMI-ACTURTED SIGNAL CONTROLLER MAJOR

tonie Ere bl o1 STREET PHASE CARD 2
¥ 0 SEMI-RCTUATED SIGNAL CONTROLLER MINOR
STREET PHASE CARD 3 ---vrmno-- GROUPED

v 0 SEMI-ACTURTED SIGNARL CONTROLLER MINOR
STREET PHASE CETECTOR CARQ 4 - GROUPED
1 0 FULL-RCTURTED SIGNAL CONTROLLER PHASE

Rl ......n....n’.“..un.n.mmmr...‘.,..u.a b e ATED SICNAL CONTROLLER PASE
F’:":'ﬁ”ﬁ“;“ L”! NUMSER L 15 TNE NUMBER FRO™ TAOLE 3 UNDER THE COLUMM HEADINO TL IN THE GEOMEIAY PROCESSOR DUTPUT CARD 2 =--mmmommm GROUPED
t 0T "ﬂg?«?‘ OF MM INBOURD LanE wnic C) ""1’?‘&"; P IHEH o coura <0 1) V0 FULL-ACTURTED SIGNAL CONTROLLER PHASE
A "'3 :3:'!9. i b her g ibnis gon'ﬁst HEO ) DETECTOR CARC 3 - GROUPED
{5 BER £ 12 Ha oo oo o v 1Y 1 B RIS R ) ' o oerecion caRo 1
LAn I 2 3 SIGNAL WITH RIGKT Tume UONCY JF TYPE OF INTERSECT IOW CONTROL 2 o DETECTOR CARD 2

Won 13 MUMBER OF CARDS 1V 18 VARIABLE)

LR A R
PROGRAN 152217C FORM 1438

TEXAS STRTE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION sneer /3 oe
DRTE
THE TEXAS MODEL FOR INTERSECTION TRAFFIC PREPARED BY _ 2573

SIMULATION PROCESSOR INPUT - FORM 2

CAM STACK CARD 1 LONLY IF PARAMETER CARD COL 39-40 IS S. 6. OR 7)

4 s WURBCR O S10WAL CONTROLLIR CAW SIRCH POBITIONS <z 72

CAN STACK CARD 2 (MAX=72 CARDS) (ONLY IF PARRMETER CRRD COL 39-40 IS 5, 6. OR 7)

«
’%"‘é SIGNAL INDICATION THREE-CHARACTER CODE FOR EACH LANE BY GEOMETRY PROCESSOR INBOUND LANE NUMBER [BLN
T3
"~ o1 Jo2 To3 T o« JosJosJor ToseJog [ 1o 11 J 12 13 [1&4] 1516 [ 1718 ]1e 20 21 [ 22 ] 23 [ 2s] 25
TT0 0 1007 e o T BTN M Mt {1 o UBCO T (T 0 0 b 13 L 3 30
AR A :m AC
3 -, :
FYAICY AP AP ALl
AAl AA
ALl AC] A A A&l AR] AR A
.3 AN AA A4
{
(o M € RGN ANTY 0 BN (e U8 Ym0 )T 3D ) WD T 00 3T 0 T O 8L L (TR B L i1
soant 1§|unm ?:i;i"éﬁ. C10R Conea BREs CTIM COMINOL = § 4 PRCTINED Siowm)
%l 4]
. Tidiecreo - .
-] g &%n; e
1 lums fnth AXD AL QINERS Cifen
T Tugw s ] RND ALL EY RS REQ
1ium o AND AL SIMERS GhECH
T RN Al AND ALL OTAERS ARBER
1 Tuks PROTECTED GREEN AND ALL DIRERS GREEN
P b e AR B HEEEL
T TURN  PROTECTED GREEN AN ALL OTHERS AED
AIGHS i £ AND ALL QTHERS AMBER
IID‘I AHD ALL QTHENS REOD
6 iGe g ALU OInERS cAtew
RIGnT e ALL OlnEls RO
RICHT Mg AL orntag grecn
it M) ACU OrnERS A
1GaT Ty ARD ML OTERS ARBER
h ignt Timn g ALL QrmeRs ARO
lg lbﬂl Tul ang ALl NN(I& €N
e Gn T TURS Bng ALL GTHERS AED &
ll TGHT TS lns RLL QTnERS Gl[sl
10nT 'ul ALy 0'![!& AnpiR
“SIM LTL0 LANE ( CHANNELITED RIGAT TUAN OR LANE BLOCNED AT mvus(cno
ﬁ 18 WOF ((SSIII i Du’\l(ﬂ!i WE IPREE-CPARACTEN CODE FOR AN IMJOUNG LANE I' THE SICNAL INOICATION REAAINS THE SANE
OnE 1RY PROCESSON INBOUND LANE WURBER [BLN IS Tnl WURBEN FRON TABLE 3 UNDER TE COLUAN WEAGING [BLN [N THC CEORETRT PROLESSOR OUTPUT
PROGRAM 152217C FORM 1420-1

Figure 44. Coded Input Data for TEXAS Model of Ashley Dr. & Kennedy Blvd. (Continued)
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TEXAS

TEXAS STATE DEPARTMENT OF HIGHWRYS AND PUBLIC TRRANSPORTATION SHEEY
ORTE
THE TEXRS MODEL FOR INTERSECTION TRAFFIC PREPARED 8Y 5P

SIMULATION PROCESSOR INPUT - FORM 3

SEMI-ACTUATED SIGNAL CONTROLLER PHRSE CARD 1 (ONLY IF PARARMETER CARD COL 39-40 IS 6)

2 «x NUMBER OF SEML-ACTURTED SIONAL COMTAOLLER PHASES <2 &

«[HININUN AMBER | ALL-RED 2 ofy | LIST OF PHASE NUMBERS
§S RSSURED JCLERRANCE |CLERRANLE| 'll ¥ | KHICH CAN BE CLERRED 10
| GREEN INTERVAL | INTERVAL i'gi‘. DIRECTLY FROM THIS PMASE
“2| N SEC INSEC | IN SEC am

3- T A T A I A A AN TN AN NN TN R SIS T WHN im

N B

qUAJUR SSSUREQ GhEEn o SIES INCREREWT FON SINULATION Tine (OT)

ANBER CLEARANCE TNTERVAL -2
B ULRED CLERRANCE [NTERY
1F AL RED" CCERRaNiE (niEkvAL TIRE IS GREATER Tuan 2RO, Inew TN LAY SIONAL INOICATION OEFINED FOR THIS PHABL MUST BC TR M.L-REO CLEMRMICE INTCRYML
1 €z NUNBER OF PraSEs MmiCw CAN BE CLEARED 10 DIAECTLY FROR TuiS PHASE €3 7
1,45 TORSE WuMBCR unicn Ciw OF CLERRED 0 OIRECTLY ¢ROm Tni3 PRASE <z NUABER OF SEMI-ACTURTLD SIOWAL CONTROLLER PWASES < @
L1371 0F FNASES Wnion CAn BE CLEBREQ O DIRECTLY FRON Tiis PRASE AUST BE LN PAIORLLY ORDER
T s o A e TLEavance S onaL INUILATION GERNE FON CAH PURSE WHILW AN BE CLTRRED 0 DIRECTLY FROR TAIS FWASE MO [N TAE OROER DEFINEO BT THC LIST OF PRABES

SEMI-ACTUATED SICNAL CONTROLLER MINOR STREET PHASE CARD 3 (ONLY IF PARAMETER CARD COL 39-40 IS 6)

« ANBER ALL-RED

28 T eRvAL |1, [cLERRance eLesmance | TRXIVE,
L INTERYRL | INTERVAL |=

E3| 1w sec [ 1nosec | TINESERL | NRERYEY TN sEC

I A0 -

B W N A

o 1

F,17,0IASE WAt <o WUNBER OF SEML-ACTUAIEO SLONAL CONTAOLLER PRASCE <2 8

NITIAL TNTERVAL x> STEP [NCREMENT FOR $1AULR T1n€ (o1}

VR IMIERVA: 22 STET LACREnENT FOR SInccRtiow Tine o1

AnBER CLEARANCE INTERVAL :» 0.C

RLL-RED CLEARANCE INTERVAL => 0.0

LEVCLRED CLEAGRNCE INIERVAL TINE 1S GREATER THAN ZERO TWEN THE LAST SIONM. INOICATION DEFINED FOR TMIS PAASE HUST OF THE ALL-REO CLERRMCE INTERVAL
01 0nSE A DF OETECIONS ATIACHED 10 TMLS PHASE <: 10

14z pURBER OF Pomsis wiCe CAN 8E CLLAREO 10 DIRECTLY Faom Tuis puase «

1,42 Prast WymgrR wilcy CM BE CLEARED 10 0IRECILY FRON Tiis PuAst <z w magn or sen- ACTURTED S10NAL CONTAOLLER Puascs < &

g LS TG HRASE s LU Can e CLEARED (o BIRECTUY Fagn Tnla PuASE RUSE BE. LW PAIORITT OROE

THERE MUST BE AN AnBER CLERRANCE SIGNAL [NQICATIUN DEFINED FOR EACH PMASE WMICH CAW BE CLEARED 0 DINCCTLY FROM THIS PWASE ANO [N TnE ORDER OEFINED 87 TE LIAT OF PWASES

SEMI-ACTUATED SIGNAL CONTROLLER MINOR STREET PHASE DETECTOR CARD 4 (ONLY IF NUMBER OF OETECTORS FOR PHASE => 1)

LIST DF OETECTOR NUMBERS RTTACHED 10 THIS PHASE -rv,,g— s'g,":t o "' "2;353 H Rl_(“ﬂ,,w' ox 10TR mnBtR of DETECTORS < 20
T e T e s IO 0 7 oot TR R e
3 T Y Y T BT D Sl BN RN O N RV NN an IA. -RED RES| 'Msl l(ﬂﬂllv( M
> ¢ i T Eir T T Er st E e
PROGRAN 152217C

sweer L4 pr L6

DATE
SIMULATION PROCESSOR INPUT - FORM 3 CONTINUED PREPARED BY PS4

SEMI-RCTUATED SIGNAL CONTROLLER MINGR STREET PHASE CARD 3 (ONLY IF PARAMETER CARD COL 339-4) 1§ 6)

I3 angeR | ALL-RED Fein L1ST OF PHRSE NUMBERS
2 T ERVAL |1 TE Ry, [CLERRANCE cLEARANCE exrension| 558 BIRECILY 'FROR TlS PHASE
E5| tvosec | inosec | PIRESEEY | IRERERL TN s agk
T T

9.
P

SEMI-ACTUATED SIGNAL CONTROLLER MINOR STREET PHASE OETECTOR CARD 4 (ONLY IF NUMBER OF DETECTORS FOR PHASE => 11

<!! 2 - TOTAL NUMBER oF OFJE 1§ 43 QETECT llMIl s TOTAL WUMBER OF DETECTORS «2 20
L1ST OF DETECTOR NUMBERS ATIACHED 10 TMIS PHAS] M g o g,g, a8 STy

TN S T N W S B o e (R 1 g Al g S s R R
T I3 3 & y 1 OO DTN § 6F TN ST AL NC N TR 01000 F 00 S GV 000 T O Aw ALL-RED REST PRASE l\.\.l‘ '( ComegCY

SIMULATION PROCESSOR INPUT - FORM S

DETECTOR CARD 1 (ONLY IF PARAMETER CRRD COL 39-40 IS 6 OR 7 AND OETECTORS WERE USED)

TOTRL
[Tnunaen or
DETECTORS

57

o 2

1 <s T01ML NURBER OF DETECTORS < 20

DETECTOR CARRO 2 1ONLY IF DETECTOR CRRD 1 COL 1-4 GT 0)
S aistance oowe [ Cans
Sl | oerecion rree i 228 LIST OF LANES COVERED
EE LPULSE PRESENCE ) OEIECTon sacatsoms pirtoRc §§§§§ BY THIS DETECTOR
H BEC | €nD RCEC 7 3
T £ TN 14 2 T T (AT S (1 D o
VXY k13 /
leusse, 40 Of Wi k-
| 9 PRESarcC ¢o X "
veSE [0 6.(/ I
¥ Con o TR 14 4 T TS EUAT BV U U T
1 Bisendt SEN Reriotn 10 otrecron Locarign o Ltmory or seeagac o
"lvlt.n N nBER Inf NLRBLA FAOA fll LE Y [N TAC OLOACIRY PROCESSON Dvl'lll llﬂmlu RPPROACHES OWLY)
i “" ?Euih:nzésf‘?ﬁ‘ﬁ“,:h'Elf:?%i‘!“"..cf.gﬂ"ﬁ " B0 ER AT Rtadnen S
nnm HUABEA OF DLIECTIRE PER INAOUND LANE 1§

PROGRAM 152217C FORN $443

Figure 44, Coded Input Data for TEXAS Model of Ashley Dr. & Kennedy Blvd. (Continued)
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TEXAS

wam ASHLEY DR, « MENNELY BLVID. .FXIST. CEIMETRICS « TRRFFIC CATA FRI PN S/7E «x )

SLALE FRLZTISR 13 42.C FERET PER INDH

Figure 45, Pen Plot of Intersection Geometr ics and Vehicles Movements
of Example Intersections,
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STARY-LF TIME CMINUTESH ---- = 3.00
SIMULATION VIMF (MINUTES) - = 12.00
STEF INCREPENT FOR SIMULATION TIME (SECONDSY - = 1.00
SFEEC FLF CELAY BELOW XX MFH IMFH]) ~o=---ccoc-o-o-os H 10.00
MAXINLP CLEMR OISTANCE FOR BEING IN & QUEUF (FT) —- = 30.00
CAR FCLLCWING EQUATION L&4B00 - = 2.80000
CAR FILLOWING EQUATION MU - - = 0.80000
CAR FCLLCHMING FGQUATTON SLFHS -~ B 4900.00000
SUFMAFY STATISYICS FRINTED BY TURNING MOVEMENTS «w- = YES
SUMMARY ST TISYICS FRINTED 8Y INBOUND AFFRMICH ---- = YES
PUNCHID JUTFUT OF STOTISTICS ~--~rw-----=c---==o====- z 134

WRITE T#PZ FDR FOLLUTION DISFFRSION MODEL --------- = ND

LZAD TIMZ 30F FOR CONFLICT CHFCKING (SECONDS) - = 1.30
LAC TIME COF FOR CONFLICT CHELKING (SECONDS) ~= -z 0.50

INTERSECTICN TRAFFIC CONTROL =-~-=-=w=r-meeccmoo——=
(SFMI-4CTUSTED SIENEL)

LINE“D"?JLFUR"HF71le‘f<‘5“‘~55ﬁ‘)5ﬁ‘t5551lllllll

SICNAL WITH LFFT TURN ON PFD
SIGNSL WITH RIGHT TURN ON °§0

] BHEFE 1 CUTBOUND tOR RLOCKED INBUUND) LNt
2 UNCONTPOLLED
3 YIeLD SIGNM
L] STOF SIGN
5 SIGNAL
6
7

A TOTIL 0T B CAM STHCK ENTRIFS

ENTRY 1 "448SE 1 4R IR AR AF A6 #G G 4R &R SR MR AR B¢
ENTRY 2 FHISE 1 [ TR T T ]

ENTRY 3 P48SE 1

ENTRY & FHRASE 2 86 MR 4P SR tOD "2
ENTRY § P48SE 2 "

ENTRY € FHASE 2 "

ENTRY 7 P4NSE 3 G G A€ 4R R

ENTRY E FHASE 3 88 s 0s . Y}
1 SIMULATIDN FROCESSOR FOR THE TEX$S TRAFFIC STMULOTIGN PACKAGE

ees ASHLIY DR, §& KENNEDY BLVN.=FXISTING TROFFIC CUNTRILS PP HOUR JuNt 1878 eo»

A TOT4L CF 3 SIGNAL FHASES

SIMI-ACTUSTED SEGNSL MAIN STRFEY INFORMAYINN
MAIN STREEY FHESE NUMBER

MAIN STREIT MINIMUM ASSURED GPEEN (SECONDS) - - 3u.2
MAIN STREEY AMBER CLEORANCF INTERVAL [SECUNOS) —--- s
MAIN STR ALL-RED CLESRANCF INTERVAL (SECONDS) -- Ue0
MATN STREEY NUMBER OF FHASES CLESRED 10 - 2
MAIN STREZT LISY OF FHUSES CLEMRED TD === = 2 3
SIENAL FRISE NUNBER 2
INITISL INTERVAL {SECONDS) - - 9.0
VEMICLE IMNTERVEL (SECONDS) - 2.7
AMIER SLISRANCE INTERVEL (SECONDS) - - S
ALL-REC CLEARANCE INVERVAL (SECONDSH - 0.0
MAXIMUM IXTENSION &FTER DEMAND ON RED (SECONDS) -=- 19.8
SKIF~FHASE SHITCH (ON/OFF) on
AUTO-RECALL SWITCH (ON/OFF) - oFF
FARENY/FINCR MOVEMENT PHASE DFTION (Ye S/NOI = ND
DUAL LEFYT JPTION (YES/NQ) ~===-=-=-=-= NU
DEYECTICR CCNMECTION YYFE (A NO/DRY QR
NUNBER 9F JETECTORS CONNECTED TO FH#SE 1
NUPBER CF FHASES CLEMRED TD - 2
LISY OF PHOSES CLEARED TD - 3 1
LISY CF CEVECTORS CONNECTED 10 FHASE - = 3
SIGNAL PHISE NUMBER -=~~~=== = 3
INIYINL IMVERVAL (SECONDSH 9.0
VEHICLE INTERVAL (SECONDS) - 2.7
ANBER CLESFANCE INTERVAL (SECONOS) 4.5
ALL=-RED CLIARBNCE INTERVAL (SECONDS) 0.0
HAXINLM EXIENSION AFTER DEMAND ON RED lStCONBSI .- 2245
SKIP=-PHASE SWITCH (ON/OFF) —-=- OoN
AUTO-RECALL SWITCH LON/OFF) OFF
PARENT/MINDR MOVEMENT PHASE OFTION (YES/NO) --- NO
CLAL LEFY CPTION (YES/NQ) =w—ro=mwomvemrocscere NO
DETECTOR CONNECTION TYFE {BND/OR) - aR
NUPBER CF DETECTORS COMNECTED TO FMlsi 3
NUMBER OF PHASES CLESRED Y0 -=~--=--- 1
LISY CF PP#SES CLEARED 10 - 1
LIST OF DITECYORS CONNECTED 71D FHASE - = 1

1 SIMUL ATION PROCESSOR FOR THE TEXSS TRAFFIC SIMULATION PICcht

Figure 46. SIMPRO Summary Statistics for Existing Conditions at Ashley Dr.
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TEXAS

A TOTsL 27 4 DETECTRPS

CETECICR MUMOFR
3ITESTAR TYFE --

STYARTING FCSIVION C(FEET) 360
SYDFFIN3 FISITION (FFET) 366
AFFRCACYK MLMBER ~-- - - 3
NJ¥BTR 37 L ANES - 3
LIST CF L8N NUMBERS 1 2 3
DITECTOR NJMBER - 3
CEVECICF 1YFE -~- FULSFE
STARTINS =3SITION (FEET) 4Cc0
STCPFINC FISITYON (FFETI ucs
AFFROICH NIMBER - 4
NLMBEF C(F LONES —-- - 2

LIST 3F LaNE NUMBEFS - H 1 2
CEYECYCR MLMBER Y
JITECTOR TYFE -~ FRE SENCE
STARTING FISITIOM (FEET) ~-- (344
SYNDFFING PISITIUN (FFET) =--- B2E

AFFRCICH NUMBER ---
NUMBER 27 LANES --
LIST €F LAtF NUMBERS -

JITEITDR VIMBER ==
CETECTITR JYFE —-=—---c==
STARTINS FISITICN (FEETH
SYCFFING FrSITTOK (FEET)
APFROIZY NJIMBER
NLKBEF [F (UNES —----
LIST JF LONE NUMBERS

6C.R274 KB, 0000 64,0000 €0,0000 0,20%8 97.7707 T«7268 20,4545 3.17€5 1.2000 sese

ta00 VI4 = 12 18 8F 1 TURN = 2

vevee VEF 76 IBSF 3 TuRN - 2 $8.7718 56.0000 %6.0000 %8.0000 047085 948773 7+7617 20,3665 5.0000 428750 sses
s400e VI 4 I 8% IBF 1 TURN = 7 40,7537 4UL.0000 5%.,0000 =&.0000 0.20° 73,319 10.300% 21.1818 3.17€E 4,2500 seen

+esse¢ VEF X 9C YBAF - 3 TURM = 2 49,4941 42,0000 42.0000 47,0000 04?2083  83.7300 848271 21.5882 43529 2,1750

eeres Vig = 69 IBOF = 3 TURN = 7 70,6232 €£.,0000 6be000D £9.0000 0.7047 103.5176 741200 22.40€4 3.8235 447625

*eese VEF - 85 IBOF = 3 JUN = 2 59.1894 §3,0000 50,0000 S5%,0000 047045 90.1280 841704 23,8023 3.4118 242125

seeee VI4 - 31C1 JHMF = 3 JURK = 2 36.1713 29,0000 7%5.0000 34.000U 0020%3 70420172 1045226 216623 4,7C59 5.8075

VEF Xz 111 IBAF = 2 TUN - 7 27.€528 26,0000 23.0000 25.0000 0.2045 €0.49812 12.1751 2244306 2.3824 4.7250

Vi4 = 118 IB#F - 1 TURN = 7 24.2%R  19.0000 11,0000 16.0000 0.2098 53,3887 14,.148% 25,3081 3.3529 2.4750

o+ VEF z 112 IBAF = 1 TURM = 3 24,3085 0.0 0.0 33,0000 0.2089 59.787% 12.5786 21,1951 4,5882 241375

VEF T 123 IP#E - 18,1333 16.0000 640000 13,0000 0472098 61,7031 ju.c<nes 92 .§000 3.0588 3.1125

seeee VT ~711 1%, 0000 9.0000 15,0000 0. 2005 €8s 1.8750

11.0n00 Za000N . 8000

SJMMETY STHTISTICS FOC INBRUNN BFFPOMCH 1 FOR TURN CINE = RIGHY

TITRL DLy (VFHICLF-SECGNDS)Y = 8L 5.0
MFVIEF (F VEHICLES INCURRING YOTOL OFLA = 19

FIQCENT 37 VEWICLES INCURRINCG TOTAL ODiLiY - = 100.0
AVERSCE 1rI8L DELAY (SECONDS) - - ———— H 109.5

AVIRASE TITAL DELAY/BVESQAGE TRFIVEL TIME ------we----

GUIUS JILsY (VEHICLF-SECONQS) -=m==—===- 5 820D.0
NUFBEF {F V\EHICLES INCURRING QUEUF DFL S = 7€

PIQCENT 27 VEHTCLES INCURRING GUEUE DeLIY = Q6.2
AVEPACE GLEUE DELAY (SECONOSH --==w=-=-- = 107.9

Tu.7 PERCENT

AVERBSE SUIUE DELMYZAVEPAGE TRIVFL TIME

STIFFID JI_ 4y {VEHICLE-SECONDS) = 3892.0
KLMBEF CF VEHICLES TNCURRING STUFFED ODFLAY = 1€

FIRCENT 0° VEHICLES INCURRING STOFFED DEL = b2
AVERSCE STCFFED DELAY (SECNNDS) = 1.3

AVEIRACE STIFFED DELOY/IVERIGE TRAVFL TIME 3.5 PERCENT

DELAY BI{Dd 10,0 MFH (VEHICLF -SECGNDS) <v--=-=-o--w- = 9321.0
NLVMBEF CF \EHICLES INCURRING DFLAY BELDW 10+0 MPH - = 79

FIRCENT J° VEHICLES INCURRING DEL &Y BFLOW 1CeD MPH = 100.0
AVERACE CELAY BELOW 10,C MFH (SECONES) ======-se-e—c = 1256

AVTRAST DL AY BELOW 2C.0 MFH/OVERBGF TRAVEL TIMF - B7.0 PERCFNT

YEFICLE-PFILES OF TRAVFL —-----—- = 164508
AVERASE VIJICLE-MILES DF TROVFL = 0.209
TRAVEL TIpL (VEHICLE-SECONDS) - T 1180%.2
AVERAST TIIVEL TIME (SECONOS) - = 168,3
NLPBEFR (F VEHICLES PROCESSED -- 19
VOLUMI PRICESSED (VFHICLES/HOULR) - 395,0
TIFE PESMN SFEED (MFHI = MEAN OF ALL VEHICLF SFEEDS S5eS
SPACE N SFEEQD (MFH) = TOT DIST 7/ TQTV TROVEL TIMF = 5.2
AVERACE CESIRED SFEED (MFH} ——===cc-—cecom- ?1.9
AVERASE MOXIMUM ACCELEROTION (FT/SEC/SFC) - 3.8
AVERBCE PO)INUM DECELERSTION (FY/SEC/SEC) -~ 3.2
CVERALL SVERAGE TDTAL DELAY (SFCONOS) - - = 109.5
QVIRALL AYIRAGE QUEUL DELEY (SECONDS) - 103.8
CVERALL OVERAGE STOFFED DFL8Y (SECONDSE — ¥9.8
OVIRALL QJT7RACE DELS#Y BELOW 1C.0 MPH (SECONDS) 175.6
FEIRCENT DF APFROACH VEHICLES MAKING MOVEMENT ---=--- = 378
1 SIMULATION FROCESSOP FOR THE TEXES TRAFFIC SIMULATION PRCKIGE

Figure 46. SIMPRO Summary Statistics for Existing Conditions at
Ashley Dr. and Kennedy Blvd, (Continued)
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SUMMERY STOTISTICS FUR SLL BFFFOACHES

YITEL DILMY (VEHICLF-SECOMOSY
M¥BEF [F VEHICLES INCURRING TOTAL
OIRCENT 37 VEHICLES INCURRING TOTS
AVERACE T[1RL DELAY (SFCONDS) == ——
AVIRA3IE JITAL DELAYZOVERNGH TFAVEL TIMF

QJTUS JIiey (VEHICLE -SECONDSE --mwo==-o-=c
NLMBEF CF VEHICLES TNCURRING GUEUE NFLSY -
IRCENT 2% VEHTCLES INCURPING CUEUF DELIY
AVEPACE GLEUF DELSY (SECONDS)
AVIAA3T BJIIUE DELAY/SVERRCE TPRevEL TIMF

STIFFI3 AY (VEHICLF-SFCPNRS)
NLVMBEF CF VFHICLES INCURRING STUFFED CiLAY
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STAFFEN DELSY/OVERIGF TRAVEL TIME

ITLAY BIL)4 10,0 KFH (VEHICLF =SECUNDS) -c-m-=----m-
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VOLUFE FRPEESSFD (VFHTCLES/HOUR) -
TIME 4C4N SFEEN (MTH) = MFESS OF L1 \NHICL‘ SFEEDS
SFEFD (MFH) = TIT NISY 7 Tul TROVEL TIM
SFHED (MFHT —=~=
RCCFLFRPITTON IF1/SEC/SEC]
DFCFLEPATION (FT/SEC/SEC)
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?30u0.0
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579

ag.

Uy
70.1 PERCENT
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GUEUF DELIY tSFCONDS) 4S5
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NJYBER 37 SOLLISIUNG -==----=ee ?
ALFBEF [F VEHICLES FLIMINGTER (LAKE FULL!Y 8
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WAIN STRITIY BMRER CLF ERONCE TRTERVEL (SFCPEDS) - woh
PAIK STFEETD SLL-RED CLEOPENCF TNTEIVAL ISECUNDS) u.0
MAIN SYRTI1 NUMBER DF FHOISFS CLESRED 10 2
FAIN STFEEY LISY UF FHOSES CLFERED TO - 2 3
NJMIER 37 98IN STREFT GREEN FHESES-==--- 8
AVEPACE LEPGIH OF MIIN STPFFY GREEN (SFCONDSY - T 6.0
SITNAL 7485E NUMBER a=emo=r==— ?
INITISL I8 MRVAL (SFCONCSY 9.0
VIAICLI  INTERVAL (SECINOSY --= 2.7
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ALL=RID DLIMRANCE INTFRVAL (SECONDSH - 0.0
NAWINLF EXVENSTON EF1ES DEMEND ON RED (SECANDS) = 1%.a
SKIF-F4457 SWITCH (ON/OFF) - = [
ALYC-FECHLL SWITCH (UN/DFF) OFF
FARENT/4INTR HDVEMENT FHESE OFTION LYES/NL) NU
CLAL LEFT (FTION (YFS/AR) w-m=== NO
ITELTDR CINNECTION TYFE (OND/NRG - UR
NLPBEF CF CETe€YURS CLNNFCTER 10 FA#SE 1
NJYBER I SHASES CLEARED TN ---- 2
LIST CF FRISES CLESRED TD --=-= - s
LIST 3F JITECTPRS CONNECTFC TN FHASE 3
NUPBEF CF PIX=NLTS =aw=womcm—eoomoas 1
AVIFASE TIME INTD FHISE FOR MiX-0LT <§rcunn<| - 21.0
NUMBEY IF IBF-MUIS =---=----e = [
AVERSGE 110E INTD FHOSF FNR GEF-DUT (SFCORNS) ~=oe-- = V.0
1
SICAAL FHISE NUMBFR ======w=-n-- 3
INTYISL INTERVSL ISECONDS) ----= 8.0
VEFTCLE INTERVEL (SFCONDS) --o-o 2.1
AMIER CLIPIANCE INTFRVAL (SFCONDS) - wes
ALL-REC CLI#RANCE INTFRVEL (SFCONDS| —=ew=== 0.0
MAXINJM TXTENSTON ¢FTER DEMAND ON RFD 1S§tﬂND<l ?2.%
SKIF=FROSE SWITCH (ON/OFF) - = oM
AJTD-2TZ8LL SWITCH (LN/OFF) = OFF
FAREAT/P1ACR MOVEMFNT FHASE DFIION (YES/NNI ER T
SYUAL LETT IFTION (YFS/NM] wmm-m—covoosnomo= = NO
CETECICF CONMECTINN TYPF {AND/DR) ---s-sum-- = oRr
NUMZR IF DETECTURS CUNNECTFD TO FHISE ---- = s
NLFBEF CF FHASFS CLEIRED TP .- 1
LIST (F FHISES CLESRED 10 -—-- 1
LIST 3F DITECTORS CONKECTFO 19 RO = 1 %« 5
NLYBEF C(F P4X-0UTS = B St = 7
AVZRASE TIME INTO FM FNR MeY=OUT (SECUNPSH ==--- = 24,0
MLPBEF CF C1F-0LIS - creemmmmom-semmmeme—weemaes = 0
AVTRASE TIME INTO FHASE FRR G#F-OUT (SECONOSH -w-ee = 0.0
STSQI-UF YIMF = 18C.CCC Sé CANOS LUMBER OF VEHICLES FROCESSED =
SIMULATION TIME = 778.CCC SECPNDS MUMBER NF VEHICLES FROCESSED =
NUY3IT DF VFHICLES IN THF SYSTFR 87 SUMMIRY = 71
$VERICE NUPBER DF VEHICLFS IN THE SYSTHM -- 3 d3.4 HiY = 108

Figure 46, SIMPRO Summary Statistics for 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 probiem two alterna-
tives were defined.

One alternative which can be evaluated is a
change In signal timing. As previously indi-
cated the present signal is operating as a
semi-actuated control ler with a ninety second
background cycle. The TEXAS Model| does not
have any provision for controlling a signa!l
under system control. However, it is possi-
ble to evaluate the intersection under pres-
ent signal timing without +the background
cycles The minimum green time on main street
(westbound phase) was reduced from 34.2 sec
to 26,5 sec., and the maximum green time for
the other phases was increased to 33 sec.
each from the present maximum of 19.8 sec.
for eastbound movement and 22.5 seconds for
north=-south movement.

Only three (3) cards to SIMPRO required modi-
fication to reflect these changes.

A second alternative that can be evaluated is
an increase in the curb return radius 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 evaluate the benefit of an improved turn
radius a change was made in the coding to
reflect a fifty (50) foot radius. Only two
cards to GEOPRO required modifications +to
reflect these changes.

Evaluation of Results

The output reports obtained as a result of
the simulation runs provide detailed informa~
tion of the operating characteristics on the
Intersection under each of the conditions
modeled. Tables 11, 12 and 13 provide a com
parison of the results obtained for each con-
dition relative to signal operation and lane
and intersection operating characteristics,
The following summar izes 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 minimum assured green time on
main street from 34.2 seconds to 26.5 sec-
onds, the average length of main street green
was reduced from 36 seconds to 28 seconds.
This reduction of main street green time and
the resulting reduction In overall delay at
the intersection indicates that the present
minimum green setting on the min sireet
phase is too high. Increasing phase 2 (east=-
bound dual left turn) maximum extension from
19.8 seconds to 31.5 seconds reduced the num—
ber of cycles that the phase maxed-ocut (3 of
7 cycles or 408). On the other hand when
phase 3 maximum 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 Iintersection as a whole, the
total delay per vehicle was reduced by 7,2%
(from 57.9 seconds to 47.3 seconds), while
overall stopped delay decreased from 35.9
seconds Yo 29.1 seconds. This reduced
stopped delay would be noticeable to the
motoring publice Tentative data (reference
4,10) comparing percelved levels of service
with mean stopped delay indicate an increase
in the level of service of this Intersection
from "Ell 'ro "Dll.

Further benefits of the revised signal timing
can be seen as an effect on traffic flow in
the southbound right turn lane. This move-
ment partially occurs during phase 2 which
received an increase in green time. A signi-
ficant improvement occurs for traffic in this
lane as a result of the Iincreased time for
this movement (phase 2 & 3). Average gqueue
length has decreased from 12,9 vehicles o
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 could be finput into
the model to determine optimum signal timing.
However, since the signal is part of a sys=
tem, additional studies ae required ‘o
determine the Iimpact of Increased cycle
length on other intersections - within 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 All-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 {-Red Clearance Interval (Sec)

Maximum Extension After Demand on Red (Sec)
Skip-Phase Switch (On/Off)

Auto-Recal |l Switch (On/0ff)

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 Cleared 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 Ciearance Interval (Sec)

Ali-Red Clearance Interval (Sec)

Maximum Extension After Demand on Red (Sec)
Skip-Phase Switch (On/0ff)

Auto-Recal |l 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-QOuts

Average Time Into Phase For Max-Out (Sec)
Number of Gap-Outs

Average Time Into Phase For Gap-Out (Sec)

ALTERNATIVES

Existing Revised Increased
Conditions Signal Timing Turn Radius
1 1 !
34.2 26.5 34,2
4,5 4.5 4,5
0.0 0.0 0.0
2 2 2
2 3 2 3 2 3
8 7 8
3640 28.0 36,0
2 2 2
9.0 9.0 9.0
2.7 2.7 2,7
4,5 4,5 4,5
0.0 0.0 0.0
19.8 31.5 19.8
ON ON ON
OFF OFF OFF
NO NO NO
NO NO NO
xR xR R
1 1 1
2 2 2
3 1 31 3 1
3 3 3
7 3 7
21,0 33,0 21,0
0 4 0
0.0 26.3 0.0
3 3 3
9.0 9.0 9.0
2.7 2.7 2,7
4.5 4,5 4,5
0.0 0.0 0.0
22,5 31.5 22,5
ON ON ON
OFF OFF OFF
NO NO NO
NO NO NO
>R R R
3 3 3
1 1 1
1 1 1
1 4 5 1 4 5 1 4 5
7 7 7
24,0 33,0 24,0
0 0 0
0.0 0.0 0,0
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Table 12 - Comparison of Alternative Statistics for Entire Intersection (Al Approaches)

Measures of
Effectiveness

Total Delay (Vehicle-Seconds)

Number of Vehicles Incurring Total Delay
Percent of Vehicles Incurring Total Delay
Average Tota! 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 Vehlicles Processed

Volume Processed (Vehicles/Hour)

Time Mean Speed (MPH) = Mean of All
Vehicle Speeds

Space Mean Speed (MPH) = TOT Dist/TOT
Travel Time

Average Desired Speed (MPH)

Average Maximum Acceleration (Ft/Sec/Sec)

ALTERNATIVES

Average
Overal |

Maximum Deceleration (Ft/Sec/Sec)
Average Total Delay (Seconds)

Overall Average Queue Delay (Seconds)
Overall Average Stopped Delay (Seconds)
Overall Average Delay Below 10.0 MPH (Sec)

Number of Collisions
Number of Vehicles Eliminated (Lane Full)

Average of Loglin Speed/Desired Speed (Percent)

Existing Revised Increased
Conditions Signal Timing -Turn Radius
37089.3 30450.6 31309.6
640 644 645
99.8 100.0 99.8
58.0 47,3 48.5
63.0 percent 58,1 percent 58.7 percent
31707.0 25397.0 26374.0
528 519 518
82.4 80.6 80.2
60,1 48,9 50,9
65.3 percent 60,2 percent 61.5 percent
23040.0 18716.0 20215.0
528 519 516
82,4 80.6 80.2
43.6 36. 1 35.0
47.5 percent 44,3 percent 47.2 percent
37297.0 30149.0 30270,0
579 577 583
90.3 89.6 90.2
64.4 52.3 51.9
70.1 percent 64.3 percent 62.8 percent
136,554 137,234 137.920
0,213 0.213 0.213
58934,5 52373.2 53446,6
91,9 81.3 82.7
641 644 646
3205.0 3220.0 3230,0
10,3 10.9 10,9
8.3 9.4 9.3
22,8 22,8 22,7
345 3.4 3.4
3.2 3.2 3.2
57.9 47.3 48.5
49,5 39.4 40,8
35.9 29.1 31.3
58,2 46.8 46,9
2 5 1
8 5 3
94 .4 96,1 96.7
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Table 13 - Compar ison 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 Tota! 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 All
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)
Overali Average Total Delay (Seconds)
Overall Average Queue Delay (Seconds)
Overal |l Average Stopped Delay (Seconds)
Overal|l Average Delay Below 10,0 MPH (Sec)

Percent

of Approach Vehicles Making Movement

Average Queue Length
Maximum Queue Length

ALTERNATIVES

Existing Revi sed Increased
Conditions Signal Timing Turn Radius
8651.0 6585.9 5639.2

79 95 98

100.0 100.0 100.0

109.5 69.3 57.5

75.9 percent 66.7 percent 62.3 percent
8200.0 5498.0 4520.0

76 86 85

9.2 90.5 86.7

107.9 63.9 53,2

74,7 percent 61.5 percent 57.5 percent
3899.0 2071.0 2038,0

76 86 85

96.2 90.5 86.7

51.3 24,1 24,0

35,5 percent 23,2 percent 25,9 percent
9921.0 7840.0 5984,.0

79 95 98

100.0 100.0 100, 0

125.6 82,5 61.1

87.0 percent
16,504
0.209
11403,2
144,3
79
395,0

103.8
49.4

125.6
37.4
12,9
20

79.4 percent
19.847

66.1 percent
20. 361

0.209 0.208
9872.4 9058, 1
103.9 92.4
95 98
475.0 490.0
7.6 8.7
7.2 6.1
21.9 21.6
3.7 3e5
3.0 340
69.3 67.5
57.9 46.1
21.8 20.8
82.5 61.1
43,2 44,3
8.0 6.5
16 16
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Increased Turn Radius

The increase in the radius for the southbound
right turn lane from ten (10) feet to fifty
(50) feet resulted in significant improve-
ments for traffic. Table 13 provides the
most meaningful statistics. As would be
expected, an advantageous change occurred in
all measures of effectiveness,

The most noticeable change is the increase in
the number of vehicles per hour the approach
accommodates (from 395 vehicle per hour to
490 vehicles per hour), an increase of ap-
proximately 24%. As a result of the in-
creased volume, and higher trave! 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.

Summary of Work Effort Required

The fol lowing statements provide a brief sum-
mary of the work effort required to solve the
above examplie problem.

Data Collection -~ Since data on traffic vol-
ume, signal timing and geometric designs were
available from city files, little time was
required, However, no field study was con-
ducted to vatidate 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 distribution would be advisable.
This would require two people for 45-60 min-
utes per approach, or approximately eight (8)
manhours of data collection. An additional
four-six manhours would be required for 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-
siderably shorter had someone been available
who was familiar 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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tfrials were required to meke changes. In
actual practice, one shouild plan on three
or four mandays of effort to properly cade
and calibrate the model fo  existing
conditions.

Computer Time - Execution time for the 12
minute simulation period on the IBM 360/320

for the various runs required slightly over
110 seconds per run. Core storage of 258K
was requireds 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 coordinating traffic
signals along arterial highways to provide
continuous movement of traffic has been a
commonly used traffic control
many years. The design of such systems has
become Iincreasingly more sophisticated, as
here the hardware systems themselves,

In recent years, computer programs have been
used to determine the "optimal®" signal system
design. Programs such as SIGART, SIGPROG,
and SIGOP have all been used, often exten-
sively, However, these ear|ler models suffer
several serious |limitations In today!s tech-
nological environment, Modern traffic con-
trollers are extremely sophisticated and can
handie multi=-phase, muiti-split requirements,
The earl|ler programs are generally unaole to
deal with this level of sophistication.

Today's operating environment is frequently a
llnear arterial highway with multiphase con-
trol at any intersection with elther a fixed
or seml-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 original
model, called PASSER |, was developed at
Texas AMM University's Texas Transportation
Institute for use In the Dallas Corridor Pro-
Joct sponsored by the Federal Highway Admin-
istration (FHWA) and the Texas State Depart-
ment of Highways and Public Transportation
(SDHPT) In cooperation with the City of
Dallas, It was later adapted and expanded as
PASSER |l for off-line processing and analy-
sis 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 well as num-
erous local traffic engineers., The current
version Is called 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 numerous computers with relatively
Iittle difficulty, It Is estimated that
machines with core storage of 92K bytes can
handle most problems,

strategy for
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Figure 47,

Typical Signalized Arterial
System in Urbanized Area,

MODEL DESCRIPTION

PASSER 80 Is an acronym for Progression Anal-
ysis and Signal System Evaluation Routine,
version 1980, The basic purpose of the model

Is to assist the traffic engineer in deter-
mining optimal +traffic signal timings for
progression along an arterial considering

var lous multiphase sequences.

The model was designed to calculate all of
the signal timing information needed for plan
development and fleld impiementation, The
program calculates degree of saturation,
delay and probability ot queue cleaance for
al | movements,

The optimization algorithm of PASSER &0
identifies (from those permitted) the best
cycle length, phasing sequence and of fsets—-
best being defined as that combinatlon which
results in the greatest bandwidths in both
directions of +“ravel. Phase splits are
calculated to minimlze delay at each Inter-
section,



PASSER 11(80)

INPUT REQUIREMENTS

The authors of the model designed the program
to use data normally collected and used by
practicing ftraffic engineers in developing
signal timing planss The current program can
handie up to twenty (20) signalized intersec-
tions along a single artferial highway.

Three types of input cards are used for
PASSER 80 1) arterial header data, 2)
intersection header data, and 3) intersection
detail data. These data are recorded on
standard computer input cards and submitted
for computer processing as shown in Figure
48,

(3 Per intersection)

Card Type 3
Intersection Details

(1 Per intersection)

Card Type 2
Intersection Description

N

Card Type |
Arterial Header

Figure 48. Passer || Data Deck

Arterial Header - This single card is used to

describe 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 |ink description and
signal phasing information,

108

Intersection Details - 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
flow rates for the respective traffic move-
ments and the third card is to estabiish the
minimum phase length for each movement.

A summary description of the input data for
each of the card types is included in Table
14, A more detailed description and hints on
coding input data are included in the refer-
ence material. Standard coding forms are
also available (Ref. 6.8).

OPERAT IONAL SUMMARY

PASSER 80 is a macroscopic, deterministic op~
Timization model, The wuser inputs minimum
and maximum cycle lengths and the number of
seconds the program will increment and use
between the Ilower and upper cyclie length
limits, With these data, the program seeks
the optima! 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-
alty constrained by the minimum green times
inpute The variation of offsets is about the
desired progression speeds input,

It is suggested that for best engineering,
the range of cyclie lengths be |imited to ten
(10) seconds between minimum and maximum,
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 possibilities.

The model can analyze up to four (4) arterial
phase sequences (with or without overlap) per
infersection and will select, from those
available for consideration, the phase se-
quence at each intersection that provides the
best overall arterlial progression, The per-
missible phase sequences which can be selec-
ted for evailuation are shown in Figure 49,
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Tabie 14 - Input Requirements for PASSER 80

CARD TYPE

DATA DESCRIPTION

REQUIREMENTS

Arter ial Header Card
(1 per arterial)

Run Number

Arbitrary number to identify run

Name of City & Arterial

User Choice

District Number

User Choice

Date of Run

Month, Day, Year

No. of Signalized Intersections

Max imum 20

Isolated or Progressive

Type of operation

Smallest Cycle Length

Greater than sum of minimum green

Largest Cycle Length

Normally 10 sec. over minimum cycle

Cycle Length Increments

No. of seconds to increment between
the lower and upper bounds on the
cycle length in even seconds

Bandwidth Specification Option
(Optional)

Percent of total bandwidth fto be
provided in "B" direction

Var lable Speed Option(Optional)

Analysis to include variation of
link speeds(2 mph)

Printer Plot (Optional)

Time-space diagram (TSD) printed

Line Plot (Optional)

Use Line Plotter for TSD

Standard or NEMA

Whether movement numbers are to be
standard or NEMA number,

Intersection Header
Card
(1 per intersection)

Name of Cross=-street

Required

Intersection Number

Sequential in "A" direction.

Distance "A" Direction

Distance in feet from previous sig-
nal to this one in "A"™ direction

"A" Direction ~ Average Speed

Desired average progression speed
in "A" direction

Distance "B" Direction

Distance in feet from this signal
to the next in the "B" direction

"B" Direction - Average Speed

Desired average progression speed
in "B" direction

Queue Clearance "A" side
(Optional)

Amount of time by which the pro-
gression band will tag the start
of the "A" direction green

Queue Clearance "B" side
(Optional)

Amount of time by which the pro-
gression band will lag the start
of the "B" direction green

Phase sequence for arterial
(code at least one)

Phase sequence for cross-
street (only one)

a) Leading left=turns
b) Leading thrus
¢) Leading green
d) Lagging green

Intersection Detail
Cards

(3 per Intersection)

Traffic Volumes *

Intersection number and traffic
volumes for each movement

Saturation Capacity Flow*

Intersection number and saturation
flow for each movement

Minimum Green Times*

Intersection number and minimum
green time for each movement

*These data are placed on separate cards for each intersection,
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— |\ |7 2
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t+3 244 44 2+3
LEFT THROUGH  LEADING LAGGING
TURNS  MOVEMENTS  GREEN 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-
mitting 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 permit overlap between
phases,

COMPUTAT IONAL ALGOR!THMS

have combined
Interference Algorithm with Little's

The developers of the model
Brooks

Optimized Unequal Bandwidth Equation, and
extended them to multi-phase signal opera-
tions.

The program first determines the optimal

demand/capacity relationships and from these
green splits are determined. Trial cycle
lengths, phase, patterns and offsets are var-
ied to determine the "best" set of timings,
l.e. that which maximizes the bandwidths.

The salient computational expressions include
the fol lowing:

(1) Determine Maximum Bandwidth (Bnax)
by Direction,

+ G
0 . i i
min min

(6.1)
min
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where: Gomin = minimum outbound progres-
sive green.
Gimin = minimum inbound progressive
green,
|imin = minimum possible Iinbound

band interference optimized
subject to upper and lower
limits,

(2) Determine Maximum Band Efficiency (EC)

£ = a b (6.2)
c 2C
where Ba = bandwidth in "A" direction
Bb = bandwidth in "B" direction
C = cycle length

(3) Determine Green Time (g)

Green times (including clearances) are deter-
mined by a gradient search technique which
minimizes delay at the intersection (subject
to specified minimum greens). The algorithm
shifts the phase change times in smll incre-

ments until the {east caiculated delay Is
obtained., The calculation of delay Is dis~-
cussed later,

The last relationship (the objective func-

tion) is the basis of the most significant
algorithm used. Some eariier models required
that the bandwidths be equal., This Is not
the case for PASSER 80, In fact neither
direction is automatically favored.

If it is desired to favor one direction, this
can be done by use of the minimum percent of
progressive bandwidth (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
availability of sufficient green time to be
absorbed by the "B" direction.



(4) Degree of Saturation (X)
X = ve (6.3)
gS
where: V = +traffic volume
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's method. The modification takes
into account the differences in arrival rates
between green and red.

2

VR C(1-g/c)? X

2VI1+(VR/(S=VG)) ] 2(V/3600) (1=-X)
+5gk
~0.65¢c/(v/36000) 72 XEPI (6 4y
where: VR = traffic arrivals on red

VG

traffic arrivals on green

and all
viousty.

other terms have been defined pre-

(6) Probability of Queue Clearance (P)

The probability of the queues clearing in the

available time is calculated by Miller's
method:
-1.58
P = - e v (6.5)
when: e = the natural base of logarithms
g = [(1-X)/X] = (Sg/3600)1/2

There are several |imitations on these esti-
mates, as described in Reference 6.8,

OUTPUT REPORTS

Outputs from PASSER 80 consist of printed
reports and optional +time space plots by
either the printer or line plotter.
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Printed Reports

The printed reports ae of two types. The
first is simply a listing of the input data
as submitted to the computer. This report,
iltustrated on Figure 50, shows all input
data in a clear, readable format,

At the top of the report information is shown
that was provided on the arterial header
card. Following this heading is a descrip-
tion of the information coded for each inter-
section., Notice that each of the permissible
phase patterns that can be evaluated at this
intersection is shown, as well as an indica-
tion if overlap is permitted. Also shown are
the volumes, saturation flows and minimum
green time for each movement, The movement
numbers correspond to a standard caoding
formet (or NEMA standard movement numbers if
requested).

The second report (Figure 51) includes guide-
lines for minimum and maximum cycle length
for each intersection of operating at an iso-

lated intersection. These are based on an
assumed level of service of "D" on all ap-
proaches, if the M"optimal" cycle length
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
systeme As shown on Figure 52, the report
presents cycle length, bandwidth efficiency,
attainability and average progression speeds
thru the system, Then, for each intersection,
the detailed results are reported. The off-
set is given, along with the phasing strat-
egy. Then for each phase the included move-~
ments and green time (including amber and
all-red) are given. Finaily the degree of
saturation, delay, probability of queue
clearance and levels of service based on each
of these are given for all movements, Total
delay is also given for each intersection and
the entire artery.

Plots (Optional)

Figure 53 shows a typical printer plot of the
time-space diagram. Both bands ae plotted
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MULTIPHASE ARTERIAL PROGRESSION PROGRAM - PASSER II-30
TAMPA, FLA ASHLEY DRIVE DISTRICT 1 10723781 RUN NO. 5
OPTIONS IN EFFECT ARE & 2

INPUT DATA

NUMBER OF LOWER CYCLE UPPER CYCLE
LENGTH

CYCLE
INTERSECTIONS LENGTH INCREMENT

] 80 0 2
ll)(*l!Kl!*XK)(iK*XXI*KK!KKNKXKK!XX*IK*KK!XX%!X*KKK*!!XX!X!XXXK*KKK*X*XXK)(K)()()(KXK)()(XX)(K)()()(XX****)(KIKKXXXK)(!

%¥%%%¥% INTERSECTION 1 JACKSON
DISTANCE_ 0 TO 1 SPEED DISTANCE 1 TO 0 SPEED
0. FT 25. MPH 0. FT 25. MPH
MAJOR ST. MINOR ST,
A SIDE QUEUE CLEARANCE B SIDE QUEUE CLEARANCE
0 SEC 4 SEC
THROUGH MOVEMENTS FIRST WITH OVERLAP
LAGGING GREEN WITH OVERLAP
MOVEMENTS
1 2 3 4 5 6 7 8
VOLUMES 0 484 436 577 0 ¢ 0 0
SAT. CAPACITY (] 3590 1640 3590 0 ] o ¢
MINIMUM GREEN 0 1% 23 14 0 0 0 °
Figure 50, Typical Listing of PASSER 80 [nput Data
CODING ERROR MESSAGES
NO APPARENT CODING ERRORS
MINIMUM ADVISABLE MAXIMUM ADVISABLE
CYCLE LENGTH CYCLE LENGTH
INTERSECTION 1 JACKSON 34. 50.
INTERSECTION 2 KENNEDY 47. 69.
INTERSECTION 3 MADISON 38 56
INTERSECTION ¢4 TWIGGS 42 63
INTERSECTION 5 ZACK 34 50
INTERSECTION 6 POLK 47 69
INTERSECTION 7 CASS 34 50
INTERSECTION 8 TYLER g1 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

Figure 51. PASSER 80 Optimal Cycle Length Ranges
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MULTIPHASE ARTERIAL PROGRESSION PROGRAM - PASSER II-80
TAMPA, FLA ASHLEY DRIVE DISTRICT 1 10/23/781 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.

36 € 36 36 36 36 6 36 D6 D6 B HE I I IE B I IE I 36 3 I I IE JE I JEIE JE IE I IE I ] I IE X I IE I IE I IEIE I I I I IE I I IE I3 I K 36 IE 2 I I I JE 3 I DE I IE K I I 3 I JE 26 36 2 I 36 IE I I 26 IE I JE I I 2 IE 36 36 3 K D6 3K 26 26 M 2 I 26 36 36 3 M I 36 36 3 3¢ X

*¥xx INTERSECTION 1 0.0 SECONDS OFFSET ARTERIAL PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST

JACKSON 0.0 %X OFFSET  CROSS STREET PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST
ARTERIAL CROSS STREET
MOVEMENTS 244 243 143 TOTAL MAJOR ST  6+8 6+2 547 TOTAL MINOR ST
GREEN TIME SECS 34.9 55.1 g.0 90.0 0.0 0.0 0.0 0.0
GREEN TIME (%) 38.8 61.2 0.0 *XRX 0.0 0.0 0.0 0.0
----------------------- MEASURE OF EFFECTIVENESS —==-==--=-===-==-=-——mooee
MOVEMENTS 1 2 3 4 5 6 7 8
XRATIO c.0 0.141 0.468 0.470 0.0 0.0 0.0 0.0
LEVEL OF SERVICE A A A
DELAY(SEC/VEH) 0.0 1.76 12.85 23.90 0.0 6.0 0.0 0.0
LEVEL OF SERVICE A A B

PROBABILITY OF
CLEARING QUEUE 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000

LEVEL OF SERVICE A A A

TOTAL INTERSECTION DELAY (SEC/VEH) 13.52

Figure 52, Typical PASSER 80 "Best Solution" Report

TAMPA, FLA
HORIZONTAL SCALE 1 INCH
CYCLE LENGTH = 90 SECONDS VERTICAL SCALE 1 INCH

30 SECONDS
1000 FEET

"

27 MPH 27 MPH 3 +++ LEADING GREEN (1+4)
28 SECOND BAND 17 SECOND BAND === STRAIGHT THRU (2+44) ===~ LAGGING GREEN (2¢3)

% DUAL LEFT (1+3)

Figure 53, 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 for dual
left, straight thru, and leading and lagging
green, Blank sections are red on the artery,
The plot can be used to quickly identify
critical intersections or fto "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 design progression
along an arterial. It can also be used to
analyze single intersections, To analyze
single intersections the user would input a
dummy link with zero speeds and distances.
The remainder of the input data should be the
same as the input for the intersection to be
analyzed,

To analyze existing signal timing the user
should input the known cycle length, with no
var iation allowed and zero traffic volumes on
the intersection detail cards. The program
will 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 fto
reduce pedestrian clearances or alterations
in parking policies.

The model can also be run In the "isolated"
mode, which will design phase splits based on
minimum delays, but no offset optimization is
performed and all arrivals are assumed to be
uniform. This feature, however, requires a
constant cycle iength on all signals.

APPLICATIONS AND LIMITATIONS

PASSER 80 is a tool fo assist the engineer in
analyzing individual signalized intersection
operations or to determine optimum time-space

based progression along an arterial. The
program determines optimal values of all
traffic signal timing parameters: cycle

length, splits, phase sequences and of fsets,
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Several program runs may be needed before a
final progression solution is calculated.

The major limitation is the narrow 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 for
this is that infeasible solutions may result
for certain cycle lengths. The restricted
range of cycle lengths affords the user the
opportunity of carefully examining "optimal"®
solutions at several cycle lengths, thereby
el iminating the infeasible solutions,

Finally, while phase sequencing is automati-
cally "“optimized®, 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 optimal solution under a variety of
sequence strategies input in several runs,
EXAMPLE APPLICATION

To illustrate the capabilities and use of

PASSER 80 an existing signalized arterial
which is in operation in the downtown area of

Tampa, Florida, was selected as an example
application. The following describes the
arterial and the use of the PASSER 80 model

to evaluate the existing signal system.
Problem Description

A link node sketch of the arterial used for
the purpose of illustrating the PASSER &0
mode| capabilities and applications is shown
in Figure 54, This arterial, Ashiey Drive,
is located along the western boundary of the
Tampa CBD. Ashley Drive provides one of the
major entrances to the CBD from the adjacent
urbanized area via Interstate [|-75 whose on
and off ramps lead directly onto Ashley
Drive. Access to the connecting one-way
streets serving the downtown area to the east
Is provided as well as mjor parking
facilities to the west,

Ashley Drive is a multi-lane divided roadway
varying from two lanes in each direction at
the south end to six and eight lanes at the
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north end. Exclusive left turn storage is
provided for all permitted left turns, In
several instances curb lanes have been re-
stricted for right turn vehicles only. Curb
parking is not permitted, although there are
frequent driveways to major parking facili-
ties, Although buses use the facility, there
are no bus stops.

Traffic signals conirol the eight street in-
tersections. One is a two phase fixed time
signal at the south end, Jackson Street. The
remaining intersections are controlled by ac-
fuated signals. However, the signals are all
supervised by a Master Controller with three
dial operation, In actuality the seven actu-

ated signais act as semi-actuated signals
with a background cycle during the P.M, peak
hours of 90 seconds. Detectors are located
on the side streets or in left turn bays, to
call the minor phases except at Kennedy
Boulevard,

Kennedy Boulevard was the example problem

used in the chapter for the SOAP model., 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 fag phase for minor left or right
furn minor movements to provide additional
pedestrian clearance on two approaches.

At the intersection of Madison Street, a
three phase signal is provided with a leading
left turn phase for southbound fraffic. At
Twiggs, Zack, and Cass Streets, two phase
signals are provided (for side street tfraffic
at Twiggs and Cass Steets, where southbound
left turns are prohibited, and for southbound
left turns at Zack Street). The Tyler Street
intfersection provides a three phase signal
with a lagging left turn phase for northbound
traffic.

The present signal system is under three dial
operation, however, for illustrative purposes
the example problem will be limited to an
evaluation of the P.M. peak hour.
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Analysls of Existing Condition

The PASSER 80 model does not permit modeling
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 length (by set-
ting minimum greens equal to present splits).
However, there is no method tfo establish
existing offsets in order to determine actual
bandwidths, and progressive speeds.

Figure 54 shows a link-mode network for Ash-
ley Drive,. This illustrates the existing
traffic volume for 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 developed by the Texas SDHPT
were used. Figure 55 shows the coded input
data for the example problem for 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 areterial but only one se-
quence can be specified for the cross street,
Figure 56 shows the output for this run. A
total of seven runs were made to permit eval-
uation of cycie ranges between 60 seconds and
130 seconds., One run was also made to repre-
sent existing intersection signal timing but
not actual offsets,

The range of 60-130 second cycle lengths was
used to illustrate the MOE's for this range.
However, from a practical standpoint, the
range should fall between .85 of the longest
cycle length and 1.5 of the shortest cycle
length for optimum "isolated Intersection"
operation. Thus, a more practical range
would fall between 70 and 90 seconds. The
cycle lengths below 70 seconds and above 90
seconds would not be considered or even
become of excessive delay.



PASSER 11(80)

=
PASSER 11 (81)(1) 3 . . . PAGE_/ OF ?_——
MIERINL: A3 fale ey Drive, cIry /dfr;fq Foriaa . OATE 12122/ 8/
CONDITION 0,91‘14:/1; ¢0-70_see™ ele covep 8v: A S- Byrae

ARTERIAL. HEADER CARD (QHE PER ARTERIAL)

IEERRNENE RN NN NN NN NN RS ispola] 1 [ T ecrefocbals] $ofsq [sepbolsfeiededalsckq | by

z NAME OF CITY NAME OF ARTERIAL g DATE of [ 8] o wans [ Forgl &

E] 1 HEH B3 e =

= | 2 [ W0 [ Y | £|°{EILOWER| UPPER|Z 44 2
Azl . 3A4_ . 6 A4 . 12" A2 Jiepfn] 13 | 13 l1z|12hijimF2,0] F4.0 T

1B [TARAAL ] [AA AsIidaA o[ A& [ TTTTTT LT [T [k ToI2318 4 18l 1] Telel 17l LI I

o~ - _ ~_INTERSECTION IIEADER CARDS (ONE PER_INTERSECTION)

] ; ; STQ- 7 SH-

STREET NAME é)%rﬂ{/s\'r' S = e ?—,MQACLE:R B 4“1 ~—— ARTERIAL ———

T T T 12 {re0 {rzddl Fa.0 fr2.0li2 fiz an an B DIRECTIONS A€B MAY BE REVERSED W OLSINED.
JIA]CJKé&‘{_lJL_L 11 P25t 1 Pl2sT 0 oz d Lt ;E DIRECTION / !
krvwiany | A28l aisles O Jazedlaaly & = il
A s || 3] 230 j25] (286 28] 3 JAz22|aqal e [ e /*———”“;“”" e
TGS 1 11 | F 2B22S] (A2208] 3 O3 aeenl,f Zee Y ks i
BACK (1 Lo | 8] ef2p8) 272028 Y dazel| . £s8 6’ I I—_ /, / ® I l i [_
foLs L | € 30RsT 3381281 d J2z22oald  LEE '

CASSUL 1t |17 BF8lasT 283(28T 13| 142422900, =aa !
MYCER i i |18 28FsT 2881261 .3 AagzFao.l 9 $55 PERMISSIBLE PHASE SEQUENCE

RWRETETEWNE RN SIS N P N P S ST T e p— ,/':- T

RO RO I D O I SO I DO T I VI BV S [SCAod] | e e

ottt e e b e o o foeas [ oenwe | T — L

NN IS VT VRN AT VOIS S (VN OV AR SOV Frases TR |

T Y 1O O U Y Y N O I Y O T O B O ! _‘ "‘___’“_;"

v [ faaa o focfa o faie § z! ;/ T —:}-—_;i_

ettt s bo bl ) cfasii e 8 A —— | M

{1 10 S IO 1) O O A Oy OO I DY Y YIS 0 W) OV = CerT IHROUGH | LEAOING Y AgomG

LI P PR T O (O Y I} ! [N O I (O U DO O T D O O O | B | TUIINS MOVEMENTS GREFN OREEN

TV U T O O VIO O I DUy DS S YU ORI l First FIRST

TSI I I I S WA I ' I N W COLUMNS ; t 2 k] 9

PASSER 11 (81)(2) “3 . PAGEZ OF 2—
INTERSECT 10N HEADER CARDS (THRCE PER INTERSECTION) INTERSECTION HEADER CARD (CONTINUED)
TTITTS T T T T IT P TT P T T T T TR T TP TT R TI T T OFA T T AT T
| __VEH. MOVEMENTS - ARTERY* VEH. MOVEMENTS - X STREET* o LQMJ UATLO TERY: CO"”"U‘_”O“ - L&L“.‘E"
VARIABLE EE T T 2 a1 s sTslwaT z= PNTM 4 [ [ s
2 414 214 12 . . am
vorruMes o |0l B E3e] 7 a0l a0 Y P A EEEE VRN NENE NENE NESY SNNE W AT
CARAGTTLES] ] 1 ARS %A 6BOAS N 1 O g O E RN PN NEEE NN BWEE NI FEs R
- W GREEN] 0l 0 a3 UL A 9 1P RS IR TSNS BN NN SR NS SUNE RN,
VOLUMES 3 | WG 11 0] e 1 1 0| 26| O 11 o) Silél 58 Lt | e o Jaaa ol
CAPAC LT LESE Y ol3590 L oiAad 1 0y 01293z Lo b b b b b e
WHURBULGEL BY: BN B IR I T . = v NN E R SN SEE N N RN S SRRl BN
VOLUMES 4y [ 3 0 F33] 1 ITILASH 14 o) held Ul @ ' TN NN NN R i [N RN N
CAPRCETLES] 3 ) 0357012211129 11 10|l 80| 1689 4 0] NN ISR I NE SR NN TUUE AN AR
HliWo) (6)REEN IR BRI I et B I e AR IR NN AT NS SN WS SN SNE
ot umesy o | o ol 1928 o 0led] ([E3 ) 1g 0 O hod) Lty S raa by
OAPAC LT NES] @A g 0 0l 11 WA N6f0) 1 P ol e e s b b fea e jaa
-y (SREEN @108 I O I 23 0l 2 NP TSNS FEVE FE T NUNY AR RUwE N
USRI I R ISV IV (757 Y I ) -, B R T T 'R N NN FETE RS SNES
A PAIC T TES L1 oBsdO o0 s O @ ®) [ o v Py e e e faaa
-y GREEN] STy 0 # o) B 00 1 O O VN NEVEENEE RN SRR G ANNE NV AN
V0L UM Es Sy 1y Gl O D O hEe 3l B L Ol 0] 1ZeR VEHICLE MOVEMENTS*
GAPAG LT ES LC 10| 353011 1 025120 he?2) 1 1 10| 1 1 0|1 32O Direction "B"
M1 M=) G RIEVENN T T R T A D Y B 'j (7L D H tL
viowumesy g g o) s3] 383 L O 38 A 237, O T 7 i 3
AP T T 1HE,S 17 11103500 1 OBSIIA 1L O3RAAL6AO 1, O T T Attertal L
M BN g pBIRIEENN 1000 18] v ST ol 281 23 :
VIO LUIMESSE | ) 18 Zé3| 1961 1 {15871 (334 | o 1 D (25 5 el Divection A L la
capncynnes| (Bisao3sieel A35203%29 1, d ) 0lLg STANDARD HEHA
T I T2 T R L | T Iz I~

(CONTIHUE ON RIGHT SIDE)

Figure 55. Coded PASSER 80 Input Data for Ashley Drive (Cycle length ranges 60 to 70 seconds)
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TAMPA, FLA ASHLEY DRIVE DISTRICT 1 10723781
OPTIONS IN EFFECT ARE & 2
INPUT DATA
NUMBER OF LONER CYCLE UPPER CYCLE CYCLE
INTERSECTIONS LENGTH LENGTH INCREMENT

MULTIPHASE ARTERIAL PROGRESSION PROGRAM - PASSER II-80

RUN NO. 3

8 70 2
3636 26 226 3 36 2 X0 6 2 JE 2 36 3 262 3P I 2 D I JE I 3 26 D6 36 36 I 36 36 36 36 6 2 36 26 3¢ 36 36 26 36 JE I 3 36 36 3 2 36 I 2 36 36 2 06 26 26 3 36 26 3 3 236 2 6 96 3 3 I 36 HE 36 26 36 3 JEFE 6 I 26 1 HE 36 36 26 3 36 26 K 36 2 I 36 3 2 K 36 I 2 33K 3 3 3¢ 6 2

®xx%x INTERSECTION 1 JACKSON
DISTANCE 0 7O 1 SPEED
6. FT 25. MPH
MAJOR MINOR ST

ST.
A SIDE QUEUE CLEARANCE
c

THROUGH HDVEMENTS FIRST
LAGGING GREEN

B SIDE QUEUE CLEARANCE
¢ SEC

WITH OVERLAP
WITH OVERLAP

MOVEMENTS
1 2 3 4
VOLUMES 0 484 436 577
SAT. CAPACITY 0 3590 1640 3590
MINIMUM GREEN 0 14 23 14
¥¥%%x% INTERSECTION 2 KENNEDY
DISTANCE 1 T0 2 SPEED
286. FT 25. MPH
MAJOR ST. MINOR ST.

A SIDE QUEUE CLEARANCE
0 SEC

B SIDE QUEUE CLEARANCE
3 SEC

DISTANCE
0. FT

1

10 0

DISTANCE 2 70
313, FT

SPEED
25. MpH
7 8
o 0
] 0
0 0
SPEED
25. MPH

ARTERIAL PERMISSIBLE PHASE SEQUENCE CROSS ST PHASE SEQUENCE IS LEADING GREEN NO OVERLAP

LEFT TURNS FIRST WITH OVERLAP
THROUGH MOVEMENTS FIRST WITH OVERLAP
LEADING GREEN WITH OVERLAP
LAGGING GREEN WITH OVERLAP

MOVEMENTS

1 2 3 4 5 6 7 8
VOLUMES 0 644 0 476 0 0 516 584
SAT. CAPACITY 0 3590 0 5100 0 0 2940 3429
MINIMUM GREEN 0 14 0 14 23 [ 23 23
*®xx%x INTERSECTION 3 MADISON
DISTANCE 2 TO0 3 SPEED DISTANCE 3 T0 2 SPEED
291. FT 25. MPH 286. FT 25. MPH
MAJOR ST. MINOR ST.
A SIDE QUEUE CLEARANCE B SIDE QUEUE CLEARANCE
3 SEC 3 SEC
ARTERIAL PERMISSIBLE PHASE SEQUENCE CROSS ST PHASE SEQUENCE IS LAGGING GREEN NO OVERLAP

LEFT TURNS FIR WITH OVERLAP
THROUGH MOVEMENTS FIRST WITH OVERLAP
LEADING GREEN WITH OVERLAP
LAGGING GREEN WITH OVERLAP

MOVEMENTS

1 2 3 4 5 6 7 8
VOLUMES 0 383 93 12564 0 102 213 0
SAT. CAPACITY ¢ 3590 2590 5100 0 1440 1640 0
MINIMUM GREEN 0 14 10 14 ¢ 23 23 0
Figure 56. PASSER 80 Output Report for Ashley Drive (Cycle length 60 to 70 seconds).
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CODING ERROR MESSAGES
NO APPARENT CODING ERRORS

MINIMUM ADVISABLE MAXIMUM ADVISABLE

CYCLE LENGTH CYCLE LENGTH
INTERSECTION 1 JACKSON 34, 50.
INTERSECTION 2 KENNEDY 47. 69.
INTERSECTION 3 MADISON 38 56
INTERSECTION 4 TWIGGS 42 63
INTERSECTION 5 ZACK 34 50
INTERSECTION 6 POLK 47 69
INTERSECTION 7 CASS 34 50
INTERSECTION 8 TYLER 81 100

IF THE CYCLE LENGYH 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 DISTRICY 1 10/23/81 RUN NO. 3

BEST SOLUTION
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.
P36 36 36 3636 DK 36 3636 2636 3 26236 I3 06 36 6 363636 26 36 5K 36 26 336 363 D6 36D 36 36 I6 36 636 3 K36 36 36 3026 3 DEIEIK I 26 36 3 3 D336 96 36 36 36 2 6336 I 236 26 3 36 36 JE 36 36 36 3 36 6 3 6 36 36 336 36 36 3 336 3 3 36 3 X 3 3¢ 3 3

¥¥x% INTERSECTION 1 0.0 SECONDS OFFSET ARTERIAL PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST

JACKSON 0.0 % OFFSET CROSS STREET PHASE SEQUENCE IS THROUGH MOVEMENTS FIRST
ARTERIAL CROSS STREET
MOVEMENTS 2+4 2+3 143 TOTAL MAJOR ST 6+8 6+7 547 TOTAL MINOR ST
GREEN TIME o0 3901 65.5 D0 e 0.0 0.0 0.0 00
----------------------- MEASURE OF EFFECTIVENESS —----=-~--os———mmo—osoen
MOVEMENTS 1 2 3 4 5 6 7 8
XRATIO [} 0.163 0.482 0.483 0.0 0.0 0.0 0.0
LEVEL OF SERVICE A A A
DELAY(SEC/VEH) 0.0 1.56 11,11 19.34 6.0 0.0 9.9 0.¢
LEVEL OF SERVICE A A B
PROBABILITY OF
CLEARING QUEUE 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000
LEVEL OF SERVICE A A A

TOTAL INTERSECTION DELAY (SEC/VEH) 11,19

Figure 56. PASSER 80 Output Report for Ashley Drive (Cycle length 60 to 70 seconds) (Cont'd).
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BEST SOLUTION CONTINUED

363K 3 J6 36 26 36 36 26 3 3K JE 36 3 JE JEIKIEHEIE 36 I I 326 26 JE I I 36 26 D6 3 I D 26 IE I 36 36 2K 36 26 I 26 3 € 26 26 3 2 26 36 36 36 26 36 36 JE K 26 JE 3K I 36 3 36 3 I I JE 3 I 2 3 3K I D H 2 I I 5 3 36 3K 26 I 2 3 36 36 2 I 26 36 3 HE 36 26 26 36 36 3¢ 26 3 36 ) 26 36

LAGGING GREEN

CROSS STREET

6+8 6+7 TOTAL MINOR ST
0.0 23.2 46.2
0.0 33.1 66.0
6 7
0.0 0.640 0.629
B
[ 24.15 23.79
B
1.000 0.9790 0.981
A
HORIZONTAL SCALE 1 INCH = 30 SECONDS
VERTICAL SCALE 1 INCH = 1000 FEET
SSETSTSTCHbH 444 SESEESCIzH4 4+ ==z

KK

DUAL LEFT (1+3)
STRAIGHT THRU (2+4)

¥%¥% INTERSECTION 2 7.2 SECONDS OFFSET  ARTERIAL PHASE SEQUENCE IS
KENNEDY 10.3 % OFFSET CROSS STREET PHASE SEQUENCE IS LEADING GREEN
ARTERIAL
MOVEMENTS 243 246 144 TOTAL MAJOR ST  5+8
GREEN TIME SECS 0.0 23.8 0.0 23.8 23.0
GREEN TIME (%) 0.0 3.0 0.0 3.0 32.9
R MEASURE OF EFFECTIVENESS --
MOVEMENTS 1 2 3 % 5
XRATIO 0.0 0.634 0.0 0.330 0.0
LEVEL OF SERVICE B A
DELAY(SEC/VEH) 0.0 264.94 0.0 1.28 0.0
LEVEL OF SERVICE B A
PROBABILITY OF
CLEARING QUEUE 1.000 0.983 1,000 1.000 1.000
LEVEL OF SERVICE A A
TOTAL INTERSECTION DELAY (SEC/VEH) 19.38
TAMPA, FLA
CYCLE LENGTH = 70 SECONDS
TYLER *
45.85 65.4% ¥AS+++i+d TSETISSSI444444 SESISZTTZ444E4
CASS * .
24.05 346.3%
POLK
26.25 37.4%
13.05 18.6%
THIGGS
4.6 6%
MADISON
61.3S 87.6%
7.25 10.3%
JACKSON
0.0 0%
"A“ "B“
27 MPH 27 MPH
18 SECOND BAND 11 SECOND BAND
Figure 56, PASSER 80 Output Report for Ashley Drive (Cycle
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Table 15 = Comparison of PASSER 80 Runs

AVERAGE
CYCLE SELECTED BAND A BAND B 3 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 tength,

**Range which would be used for analysis based upon

intersection using Poisson method.

Evaluation of Results

Table 15 provides a summary of each of the
runs, As cycle length increased the arterial
delay to vehicles Increased, however, band-
width also tended to become larger, 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 small change in length of each phase at
some intersections, although no phasing plan
was changed. (Remember that the model did
not represent the existing offset but used
the model's result so this is not a true com-
par ison,)

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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intital cycle length calculation for each

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 explicitly defined by the model,
It would appear that the 90 second cycle
minimized stops, but the length of the stops
are increased.

Summary of Work Effort Reqquirements
The amount of work effort required to code,
run and analyze the PASSER 80 mode! was mini-

mal. The following summar izes this effort.

Data Collection - The data required for the

PASSER 80 model is minimale. Turning volumes,
intersection geometric and distance beiween
stop bars on each direction are all that
Is required. In the case of an existing
system the existing signal timing woulid be
useful,
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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 [BM
360/370 varied from ,26 seconds for the
existing condition to .38 seconds for the
highest cycle lengths investigated. All the
problems were executed using 96K of storage.
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CHAPTER 7 - PASSER III (DIAMOND OPTIMIZATION MODEL)

The diamond interchange is the most common

type of Interchange used today in both rural
and urban areas., In rural areas, this type
of Interchange is adaptabie almost exclu-
sively to mjor-minor crossings and the
traffic volumes are small so that ftraffic
signs are used to control traffic. In urban
areas, diamond interchanges can handle
large fraffic volumes by use of storage
lanes, channelization, and traffic signals

at the crossroad terminals of the freeway
ramps.

The signalization of diamond Iinterchanges
presents an Interesting challenge to the
traffic engineer, Quite often efficient
movement of ftraffic through the interchange
is critical because of the potential for
traffic fo back up onto the freeway. The
qual ity of service provided is related to the
physical design and type of signalization at
the interchange.

There are many differences of opinion regard=-
ing the best way to signalize 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 signalized diamond
interchangess The program is applicable to
Isolated interchanges as well as a series of
Interchanges through which progression Is
desired along one-way frontage roads. PASSER
111, tike PASSER 11(80), was developed at the
Texas Transportation Institute for use in the
Dallas Corridor Project which was sponsored
by the Federal Highway Administration (FHWA)
and the Texas State Department of Highways
and Public Transportation (SDHPT) in coopera-
tion with the City of Dallas. PASSER 111 was
adapted and improved upon in HPR Project 178
which was also sponsored by the Texas SDHPT
and FHWA,

The Texas SDHPT maintains the model
used extensively by its staff,

and Is
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Figure 57 - Typical Signalized Diamond
I nter change.

MODEL DESCRIPTION

In urban areas, most diamond interchanges are
signalized at the ramp terminals, where the
ramps intersect the cross street, Diamond
inferchanges are normally characterized by
their close spacing of the ramp terminals and
the resulting small storage areas between the
signals, In the early 1960's the Texas
Transportation Institute of Texas A&M Univer-
5ity developed a novel signalization strategy
for diamond interchanges which took into
account the fact that +the throughput (or
capacity) of the system couid be increased by
allowing several potentially conflicting
movements at the separate Iintersections to
occur simultaneously for a short time (Refer-
ence 7.1). This period was termed the "over-
lap phase™ for obvious reasons, and the
underlying concept has become a standard In
the profession,

PASSER 111, which Is an Acronym for Progress-
ive Analysis and Signal System Evaluation
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Routine, Model 11l (Diamond Interchange, see
Reference 7.2), determines the optimal phase
patterns, splits and internal offsets at sin-
gle interchanges (for given cycle lengths)
and additionally the optimal system cycle
length and progression offsets for the front-
age road progression. The physical system
considered is the signalized 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 accommodate most probiems,

INPUT REQUIREMENTS

The input data required for this program are
similar to those needed by the PASSER 80
model, The program uses data that are nor-
maliy collected and used for signal analysls
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 Detail Card

I per
Interchange

Card Type 2 - inter-
change Header Card

Card Type | - \

Freeway Header Card

Figure 58, PASSER |1l Data Deck

124

Three types of input cards are used for
PASSER 111 1) freeway 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 identifies the

freeway and defines some general parameters
and options,

interchange Header - This card provides sig-

nalization and geometric information for each
signalized interchange in the data set. Link
data for the frontage road must be provided
it a frontage road progression Is desired.
One card is required for each interchange.

Interchange Detail Cards - Three cards are

required for each interchange. Card one con-
tains fraffic volumes, card two contains the
effective number of lanes for each movement
and card three presents the minimum green
time in seconds for each signa! phase.

A summary description of the input data for
each of the card types are included in Table
16. A more detaiied description and instruc-
tions for coding input date are included in
the reference mterial, Standard caoding
forms are available for the user,

Most of the inputs are self-explanatory, but
there are a few peculia ities which should be
noted. PASSER |I1 has 1wo primary functions
as noted earlier: a) lisolated interchange
optimization and b) coordinated progression
on frontage roads. These modes can be run
simultaneously for 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-
gressive analysis (i1f the latter is needed).
Accordingly, the user has to be aware of what
inputs should be included in the respective
runse The 1two modes are discussed briefly
below, then some genera! remarks.

Isolated Interchange Mode

When one or more interchanges are being opti-
mized Iindependently 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 fo

r PASSER |1}

CARD TYPE

CARD DESCRIPTION

REQUIREMENTS

Freeway Header Card
(1 per freeway)

Name of City User Choice

Name of Freeway User Choice

District User Choice

Run Number Arbitrary number to identify run.
No. of Interchanges Required

Isolated Mode Isolated interchange(s) or frontage

road progression,

THE FOLLOWING |S ONLY FOR FR

ONTAGE ROAD PROGRESSION OPTION

Progression Mode

To indicate frontage road analysis

Lower Cycle Length

Smal lest Cycle length,

Upper Cycle Length

Largest Cycle length,

Cycle Length Increment

In seconds.

Min, "B" Direction Band Split

Percent of tota! bandwidth to be
rovided in "B" direction,

Link Speed Search

To permit 2 mph variation (optional}

Printer Plot Time Space Diagram (optional)
Line Plot Use Line Plotter for TSD.

X Scale Scale for time axis,

Y Scale Scale for distance axis.

Intersection Header
Card
(1 per interchange)

Cross-5tfreet Name

Required — User Cholce

Interchange Number

Must be sequential in "A" direction.

THE FOLLOWING 1S ONLY FOR SINGLE INTERCHANGE ANALYSIS:

Cycle Length

In seconds,

Delay-0f fset Analysis

User Choice

Permissive Left Turns

To define those permitted,

Inter ior Travel Time

Time required to fravel from one
intersection to the other,

Inter ior 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 Distance Distance to next interchange.
"B" Direction Speed Average Speed (MPH)

Queue Clearance

WAM & uB" - amount of time the pro-
gressive band will lage.

THE FOLLOWING IS REQUIRED FOR EITHER MODE

Priority Phasing

No. of seconds of directed internal

offset for each phasing code.

Interchange Detail
Cards
(3 per lInterchange)

Traffic volumes*

ra C volumes tor movemenTs

Number of Lanes*

Ef fective lanes which serve each
movement

Minimum Green¥

Minimum al lowable green time for
each approach,

*These data are placed on separate cards for each interchange.
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11 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
fimits entered may be based on the results of
the isolated interchange runs, but should not
be more than 10 seconds difference for one
run. Directional preference for the progres-
sion band may be specified for either one-way
or two-way, (with or without preference to
direction). The speeds input should be based
on field studies under "nonstop" conditions
to obtain "free speed" during the time period
under study, However, if different |ink
speeds occur and it is not desired to vary
the band speed, the average speed should 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 |l| 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
coding columns for this card (see Figure 59)
are diagrams showing the eighteen movements
required, Note that in some cases a movement
must be traced through both sides of the
interchange.

)/l

16 ——-
./‘_|5
g > 17 —
18 —*
= ) I
14131211
Figure 59, PASSER 11l Traffic Movements
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The second detail
number of lanes,.
input. PASSER

card gives the equivalent
This is how capacities are
11} 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
tound by dividing the user's desired
saturation flow by 1800. For example, if a
left turn lane saturation flow of 1200 vph
for movement 15 (see Figure 59) is desired,
enter 67. Movements which share several
lanes must be assigned their proportional
capacity. For example, assume the frontage
road in direction "A"™ has three lanes and
demands of 200 vph per lane with the traffic
in the left lane all turning left (of which
50 make a U=turn) and 50 vehicles in the
right lane turn right, The equivalent number
of lanes for movements 4, 5, 6 and 7 are 0.25
(50/200), 1.75 (150/ 200 + 200/200), 0,75
(150/200) and 0.25 (50/200), respectively,
These values should be carefully estimted
since phase splits are based on the demand/
saturation flow ratios.

Finally, the conflicting minimum greens input
must not exceed the cycle length (or min imum
cycle length) specified. Minimum greens in-
clude green, amber and ali-red intervals.
Sufficient time must be provided for any
pedestr ian movements,

OPERAT IONAL SUMMARY

PASSER 11l is a macroscopic deterministic
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 separately.

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 for the left-side intersection in Fig-
ure 60. These may oceur in the order of
either ABC (leading lefft=-turns) or ACB (lag-
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Figure 60. Three Basic Phases at Left-Side
Intersection of Interchange

ging teft turns), where the off-ramp tfraffic
elther leads or lags the left-turns to the
on=ramp., Three similar 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. All
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 during Phase C.
When overlap is permitted, some conflicting
movements can move simultaneously, as shown
in Figure 62, Note that the offset is de-
fined as the time between the beginning of
Phase A on the left side to the end of Phase
B on the right side.

A

AL ]|

!

PASSER I11

LEFT SIDE RIGHT SIDE  LEFT TURNING
ORDER
Dl /l\ — |- \¥/ | Leao-Leao
—— —_— —— ——
ale|’c Al BjC
2 =~ ',L : ‘f’ e LAG-LEAD
w 2 7c |8 A Bl c
8 _J
o 3 -— ’4\ - - \1/ LEAD-LAG
z —- — — | —-
(53
< A B | ¢ Alc]| 8
a
4 -— | /1\ -— \P LAG-LAG
— |~ A
Al c| s c| 8
Al l— A\-—— -— \{/—" LEAD - LEAD
— — — —_
Al Bl c A | B ¢
Figure 61. Phase Sequences and Phase Codes
Used by PASSER {11
LEFT SIDE RIGHT SIDE
PHASNG  PHASNG piedted
(S 217
R p
* 8
c- 8 |-~------- —
- _ ~ ¥
pa—
c -
- 4
et
e s
AL A=
5 N T R A =
=4
-— A
-— ¢ —_—
a OFFSET
o-

Figure 62, Development of Diamond Inter-
change Phasing Patterns From
ABC:ABC Phasing and Of fset
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PASSER 11! examines all 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 all
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 results at an offset of about 20
sec, To obtain this result 350 combinations
were fried (five phase codes by 70 seconds),
To do this by hand would be prohibitive,

40 T -+ — -+
CYCLE = 70 Sec.
—o— '2 TRAVEL TIME = 4 Sec.
—.—c 3 U-TURN VOLUME =50VEH./HR.

[T
(2]
T

o
o

1

25

20

INTERCHANGE DELAY, SECONDS/VEHICLE

'5 1 A A -
(4 10 20 30 40 30 1]
OFFSET, SECONDS
Figure 63, Variation in lInterchange Delay

for all Five Phase Codes

The fifth phase code (1A) shown in Figure 61
is the well-known '"four phase with over-lap"
pattern where the overlap is equal to the
internal trave! time (i.e., from the stop bar

at one intersection to the stop bar of the
other). In other words, perfect progression
is provided for the through traffic (this may
not be the case if Phase Code 1 (only) is
specified).

Progressive Frontage Road Mode

The frontage road progression is independent

of the interchange optimization, although the
latter should be run to obtain the appropri-
ate phasing and minimums for 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 optimal progression design is that which
provides the largest "bandwidth efficiency",
defined as the sum of the bi-directional
bandwidths divided by twice the cycle length,
For further discussion on the progressive
optimization, see Chapter 6, PASSER 11(80).

COMPUTAT IONAL ALGOR I THMS

The computational algorithms differ somewhat
between the isolated interchange and pro-
gressive frontage road modes, In the iso~
lated mode the green times are found using
Webster's method (Reference 7.3).

6 ==X, (C-L) + &; (7.1)
Yy
where G = green time (sec),
y = volume (vps)/saturation flow
(upsg),
Zy = sum of all y at intersection
C = cycle length,
2 = lost time this phase (sec),
L =sum of all lost time at inter-
section,
When the four-phase with overiap pattern
(Code 1A) is introduced, the green times are

calculated using a slightly different formu-
la, An additional term is inserted in the
parenthetical expression, which is then (C +
g - L) and @ sum of interchange overiap
(of fset) times.

Exter ior delay is the delay to all approaches
into the interchange (movements 1-14), These
are calculated by Webster's method (Reference
7.3), namely,

2 2
g = SU-N X
200=20  2v{1=X)
1/3
- 0.5 —— , @V (7.2)
V2 X



where d = average delay per approach
(sec/veh),
C = cycle length,
v = approach volume (vps)
A = proportion of cycle green for this
approach, and
¥ = saturation ratio v/c (c = capacity)
The internal delay for movements 15-18 s

calculated by the delay~offset technique.
However, this technique is too lengthy to
discuss here (interested readers are referred
to Reference 7,.,4).

In the progressive mode the objective is fo
find the optimal bandwidth efficiency, or

B +8

B

M i = ;
aximize E > T H

(7.3)

PASSER 111

where £ = bandwidth efficiency,
Ba = bandwidth in "A" direction,
By = bandwidth in "B" direction, and
C = cycle length,

For further discussion of the progressive
optimization, see Chapter 6, PASSER 11(80),

OUTPUT REPORTS

There are a tYotal of eight output reports
available from PASSER 1ll, but not all are
produced in a single run since they vary by
mode of analysis (i,e, isolated or progres-
sive). The distinctions are included in the
discussion beiow,

133332333333 3333338333313333.31333133.32333833838333333330 3333330332202 et d sy

RUN NUMBER 2
I-75 OPTIMAL TIMING PM
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DESIRED CYCLE LENGTH

*
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*
*
*
*
*
*
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*
*
*
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*
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*
*
%
*
* NUMBER OF INTERCHANGES
*

* LOWER CYCLE LENGTH LIMIT
*

% UPPER CYCLE LENGTH LIMIT
3

* CYCLE LENGTH INCREMENT
*

¥ MINIMUM 'B' DIRECTION BAND SPLIT
*

*

Figure 64. PASSER
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DETERMINE OPTIMAL PROGRESSION SOLUTION
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PARAMETERS - (FRONTAGE ROAD PROGRESSION ANALYSIS)

38 36 3 3 K 3 I K I 2 I I I 3¢ I I I I I I I 36 I I 3 HE 3 I I 3 I 3 3 I HE 2 I K I I I I I I I I 36 2 I I I I I I 3 X 3 H 2 3 X 3 X H H I K I I H I I I} I X X X

DATE
DISTRICT 1

5714781
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NO
NO
NO
NO

SECONDS

SECONDS
SECONDS
SECONDS
NONE

0o o o

*
*
*
*
*
*
%*
*®
*
*
*
*
*
¥
*
*
*
%
¥
%
*
*
%*
*
%
%
%*
%
*
*
%*
b
*
*
*
*
%
»*

Input Data Report:

Options and Parameters
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INTERCHANGE INPUT DATA

2636 3 363 26 JE 36 3 26 I€ 3 3 I I I 3 I 3 2 I I 36 I 26 26 26 3 H 3 2K I I6 56 3 3 I 26 3 I 3K 3 I I JE I I 36 3 M I 3K I HE M 3 I I 3 3 I I I I H K I I X 36 36 2 3 I I X I I I X 36 36 X 3 3 36 36 I X 3 I 36 3 3 I 3 2 3 3 I 3 3 K 6 36 3 36 3 3 36 % %
* 3* %* *

RUN DELAY-OFFSET ANALYSIS? *

PRIORITY PHASINGS # INTERNAL OFFSET

*
¥*
¥
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
%
*
*
*
*
*
6 36 3 26 36 36 2 JEIE I€ 36 3t I 26 26 3 I 6 K I IE 36 I I 36 36 3K I 6 I 2 26 3 36 36 3K 3 2 26 26 26 3 3 3 2 26 36 ¢ 3 3 36 X
*
*
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*
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*
*
*
*
*
*
*
*
*
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*
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Figure 65. PASSER

*
6 36 2 2 JE 2 36 I I I I I I I I I N D6 X6 I 3 I HE 3 36 I K I I H K I 3 3 I K I H 26 I I I I I I I I I I 3 2 3 XK I K K 3 X 3 3 36 I I I I 2 2 I I I I K D I 3 3 36 3 I 2 3 3¢ 2 IE I I I I I I I I I IE K I 3 2 X 3 I H X K I 3¢ 36 2 M
* *

t352.3333.3333383 3232332338323 2333 333333333383 333 33333323838 828419
*

3696 36 36 36 36 36 363036 36 36 36 36 36 36 36 36 36 36 3 26 36 36 36 36 26 36 36 96 36 26 36 26 26 36 26 36 J6 2 26 36 3 36 36 26 3 3 D JEHE I K 3 36 36 6 K I 23K 8 36 36 96 96 96 36 96 96 96 36 36 36 36 I I 2 2 26 3¢ H 26 36 36 3 36 I K HHE 3 36 36 36 36 3 3 3 3 36 36 26 36 I 3¢ 26 36 26 2 3¢

* DISTANCE * PROGRESSIGN SPEED * QUEUE CLEARANCE *

INTERCHANGE 1 :xxxxxxxxxxxxxxxxx*xxxxxxxxxx*x:xxxxxxxx*ixxxxx*xxx&xxxix*xx*x:ixxxxxxxxxxx*xxxxxxxxxxxx*xx*x:
BUFFALO : FROM 1 70 2 --- 0 FT. : FROM 1 70 2 ---- 0 MPH. : A" DIRECTION ~----- 0 SEC. ¥
: FROM 2 70 1 --- 0 FT. : FROM 2 70 1 --=-- 0 MPH. 2 '"B* DIRECTION ~----- 0 SEC. E

*

PERMISSIVE LEFT TURNS ALLOWED? *

*
6 36 36 36 36 36 36 I 96 26 36 3K 36 26 26 3 3 36 2 2 3 3 I I 26 36 3E 3 D 3K I 26 € I 3K J K 3K 3K 36 26 26 56 36 26 I 2 JE 3K 2 36 3 3 3K I 26 36 3 3¢ I 3K I I 3 I I 26 2 I 36 I I I 3 K 36 36 X K I 36 3 3 36 26 I 36 3 I I I 26 36 I I I 3E 3 26 36 I 3 K 36 26 36 2 ¢ 36 6 2 %

* *

% AT LEFT SIDE INTERSECTION - NO %

CODE 1 OR LEAD-LEAD ~--=---=c---c-—-—eono YES * *
% AT RIGHT SIDE INTERSECTION =--—=rmm——==r—s——e——m—emmae NO %

CODE 2 OR LAG-LEAD =-~=-===-===-——om———ee—— YES X X
36363636 36 26 36 36 36 36 36 6 I3 3 36 36 36 36 56 36 36 2636 K 36 36 36 3 3 36 26 3 3 3 36 26 36 36 3 3 36 36 3 3 36 36 96 36 36 6 36 36 36 2 36 36 36 36 3 H 3 %

CODE 3 OR LEAD-LAG -~---==--w=--—=-r——ow=- YES ¥ *
* INTERIOR TRAVEL TIME *

CODE & OR LAG-LAG -—-=-——=-——==m—ooommmoo YES *
36369636 36 36 3 36 36 36 3 26 36 3 JE 36 36 36 326 36 6 36 36 3 2 36 6 36 6 3636 H 26 3 36 36 36 36 3 3 36 56 26 3E 3 6 96 36 H 3 3 36 36 36 3 26 36 6 3 6 3¢

CODE 1A OR TTI 4~PHASE -==--==—==m=-—eo-—- YES % %
¥ FROM LEFT TO RIGHT ACR0SS THE INTERCHANGE --=--=- 11 SEC, ¥

* *

3636 56 36 36 36 36 36 36 6 36 36 36 36 26 36 36 2 6 36 2 I X3 I M NN MKIH NN M NN NN UNNNNX FRCM RIGHT TO LEFT ACROSS THE INTERCHANGE ------- 12 SEC E
* *

*

*

INTERIOR QUEUE STORAGE *

*
636 36 3 36 36 36 26 26 36 2K I 36 36 26 3 3 3 3 3 3¢ 3 3 36 36 3 2 36 3 36 36 3 36 36 36 JE 3 26 3 I K I 36 26 3 36 36 26 3¢ 3 3 2 2 36 3 I 3¢ 6 3 3¢ 3 3¢ ¢

CODE 4 OR LAG-LAG —-=-==-==w-—=- NONE ¥ *

¥ THRQUGH MOVEMENT AT RIGHT SIDE INTERSECTION ----- 8 VEH. ¥

CODE 3 OR LEAD-LAG -==-===~--=- NONE * %

¥ LEFT TURN MOVEMENT AT RIGHT SIDE INTERSECTION --- 6 VEH. X

CODE 2 OR LAG-LEAD --=----=--- NONE * *

¥ THROUGH MOVEMENT AT LEFT SIDE INTERSECTION ~----- 8 VEH.

CODE t* OR LEAD-LEAD -----==-=- NONE * *

¥ LEFT TURN MOVEMENT AT LEFT SIDE INTERSECTION ---- 6 VEH. ¥

* *

2336966 30U K 3 I I 2K K I3 K3 366 3 K I3 36 36 336 3 3 26 36 36 9633 2 3636 3 26226 36 3 6 336 3636 56 HEE 26 36 3 26 2606 36 36 36 J36 36 36 26 3636 3 3 2606 3K 36 36 36 26 2 3 6 36 36 2636 36 6 36 36 26 36 36 36 26 3636 36 24 26 3 36 36 36 3

% *

MOVEMENTS * 1 2 3 4 5 6 7 3 9 10 1 12 13 14 15 16 17 18 *
*

3636 260696 36966 3 26 .3 3636 3 36 3636 6 D636 3636 6.3 D36 26 636 6 363 2636 26 6 36 36 36 3 3 36 3 6 36 36 36 36 6 36 36 36 6 JE 26 3 D6 6 36 36 3 36 36 3 336 26 6 3 226 3 3696 36 26 3 3 3 6 36 6 36 3 36 3 226 3 36 D6 2 36 X D363 3 3 3 ) 3¢
*

VOLUMES * 0 628 336 220 10 161% 0 125 526 245 ] 45 376 0 245 902 336 789 ¥

* *

NUMBER OF LANES % 0.0 1.30 0.70 1.00 0.2 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 :
*

*

| Input Data Report:

Interchange Data

Input Data Report

All input data are printed in wel!l formatted
tables, shown in Figures 64 and 65. These
reports are output in both modes. One table
of the type in Figure 65 Is produced for each
interchanges, The contents of these reports
are self-explanatory,

General Signalization Information

In both modes of operation the general inter-
section Iinformation shown in Figure 66 Iis
output for each Interchange. This ftable
reports the measures of effectiveness (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 normal three phases Iin the pat-
tern. The forth 'phase" labeled "D" is the

time available for the interior thru traffic,
or the sum of phases A and C,

The green time is the amount of the avaiiable
cycle available for each of the phases (in-
cluding amber and all-red). The volume/
capacity is the ratio of demand to capacity
flow in the critical ianes, Delay is the
estimte of delay calculated by Webster's
method or the delay~offset +technique, as



GENERAL SIGNALIZATION INFORMATION

26 3636 3 36 3696 36 36 26 36 96 36 36 36 I 36 36 26 26 36 2 I 96 I 6 36 36 3 3 36 3 3 3 3 3 36 3 26 36 26 36 6 36 36 36 36 36 JE 3 36 36 36 36 26 36 3 6 2 3 26 36 3 3K 36 36 36 36 36 36 36 36 6 HIE 26 26 36 I 36 6 36 6 € 36 3 3 36 96 3¢ e 33 36 I H 3 2 I 2 2 34 3¢ 3

I-75 OPTIMAL TIMING PM AT BUFFALO

PHASE ORDER ~ ABC/ABC
INTERNAL OFFSET - 12 SECONDS
TOTAL INTERCHANGE DELAY -~

Figure 66.

appropriate, The probability of clearing the
queue values refer to the |ikelihood that all
queues will be cleared on a given cycle for
the particular phase., These three MOE's alt
have a level of service associated with them,
The levels of service are determined from
Table 17,

The fourth MOE is only available in the iso-
lated mode, The interior storage ratio is
the ratio of the tength of the maximum queue
per cycle for the C and D phases to the

available interior storage capacities for
these phases, Storage ratio should not
exceed 0.8, with 0.6 being a preferrable
max imum,
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RUN

*

16.02 VEHICLE-HOURS. PER HOUR
PASSER Il - General Signalization Report

NO. 2

RIGHT SIDE

A B c

26.9 18.0 17.1
0.84 0.51 0.85
D A E
19.63 20.93 61.92
B B c

0.62 0.98
D A
0.56

Table 17 - Los Criteria

5/716/81

42.

5.

for MOE'S on Signalized Movements

636 3 26 96 3 36 3 I X 26 36 € 36 96 J6 6 26 26 36 26 3 36 36 36 3 26 6 36 36 36 26 96 36 26 36 36 26 36 6 36 6 36 I6 26 26 I 36 X6 36 36 JE 26 36 36 2 36 I8 36 2 3K 36 36 e JE I JE JE I 3E 36 3 36 36 36 36 36 I I 6 36 IE 2 36 36 6 I€ 26 26 € J€ I IE 3 36 36 6 IE 3¢ 6 3¢ 3¢
*

*
3696 36 3 36 36 36 36 5 36 26 36 36 36 36 J6 IE € I 26 36 36 I 36 D6 26 36 26 36 I 36 K I 36 I 36 3 36 36 3 I 3 3 36 3 3 26 36 I 36 6 36 I 6 3 36 I I 26 3 I 3E I 36 26 26 3¢ 26 JE 2 2 X I 36 3¢ 36 26 26 26 36 M %

35

55

1%

*

*

*

*

*

*

* * LEFT SIDE *
* MEASURES *

* oF

* EFFECTIVENESS * *
* * A B c D *
* * *
2636 36 36 96 36 36 3 3 3 6 36 X3 96 36 36 3 3 36 96 J6 26 2636 3 263636 6 6 36 26 36 36 36 36 36 36 56 36 36 96 36 36 6 36 36 36 36 3636 6 26 36 J6 36 3 36 36 96 96 26 36 26 26 36 36 36 36 36 26 96 JE 336 36 36 2 36 26 36 3 36 J6 26 96 36 D6 26 2 3 3 3 3 X 36 2226 I W X
* * *
* * *
¥ GREEN TIME %* 26.7 18.0 15.3 42.0 *
* (SEC.) * %
* * *
* * *
% VOLUME/CAPACITY * 0.71 0.52 0.72 0.60 %
* RATIO, X * *
¥ * %
% LEVEL OF SERVICE ¥ c A c A *
* * *
* * *
*® DELAY % 17.64 19.38 30.84 5.85 x
* (SEC./VEH.) * *
* * *
* LEVEL OF SERVICE % B B c A *
* * »*
* * *
¥ PROBABILITY OF * 0.89 0.98 *
* CLEARING QUEUE ¥* *
* * %
* LEVEL OF SERVICE c A *
* * *
* * *
¥ STORAGE RATIO * 6.42 0.19 %
* * *
* * %
*

36 5 36 3 36 36 36 36 36 36 36 3 I 36 36 6 36 2 36 36 3 3 3 36 36 3 36 36 3 I X 36 26 3 36 36 2 36 26 3 26 26 26 36 36 36 JE 36 I 36 I 36 36 3 36 IE 36 I 36 36 36 JEIE I IE I I 36 36 36 36 26 JE 36 IE I 36 36 36 36 26 36 36 36 36 6 I 2 JE I 36 26 6 D6 IE 2 3 3¢ 3¢ 3¢ I X K
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x K XK X

*
*
*
*
*
%*
*

*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
¥*
*
*
*
*
*
*
*
*
*

OPERATIONAL LEVEL OF SERVICE
MEASURES A B C D E F
Saturation

Ratio X Leb6 <7 <48 <.85 <1.0 <1.0
Probabil ity

of Clearing
Queues, Pc

Average

Approach
Delay, d,
sec/veh.

2495 >.90 >.75 >.50 <.50

<15 <30 <45 <60

>60
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Below the tfable in Figure 66 are the phase

orders analyzed, the Iinteral offset identi-
fied as having the minimal delay (i.e. the
optimal offset) and the +total interchange

delay in veh=hrs/hr,

I+ should be noted that the estimates of de-
lay for the separate phases in Figure 66 do
not vary with offset under isolated mode
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
ref lect variation of offset., This is con-
sidered a deficiency of Passer Ill, For the
isolated mode analysis, evaluations should
always be based on total delay where a single

cycle length is analyzed, days can be com-
parted when different cycie lengths are anal-
yzed, rather  than individual movement
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 1is shown in
Figure 67, Note that the sum of the inter-

vals is equal to the cycle length.

PHASE INTERVALS

K0 M6 KK EHIN IO XM H NI K I HIENH KK I I I KK 23636 26 330 H I 32 33 X
*

*
% Y-75 OPTIMAL TIMING PM AT BUFFALO RUN Ng. 2 5/14/81
*

*
3360656 636 366 20006063606 6 30K 36 3636630 X 2606 3360365636 300 3 I I3 06 I I3 I 3630 3 2 I3 2D K 06328 2 3

ASE TERVAL LEFT SIDE RIGHT SIDE PHASE INTERVAL
P SNUégER STATUS STATUS LENGTH(SEC.)

*
*
*
*
*
*
*
%
* 1 A 8 12.90
*
*
* 2 A c 14.7
*
*
* 3 B 4 2.6
*
*
* 4 B A 15.6
*
%
* 5 c A 9.3
%
%
* 6 c B 6.0
*
*
*

PHASE ORDER - ABC/ABC
INTERNAL OFFSET - 12 SECONDS

Figure 67, PASSER |I| Phase Interval Report
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Optimal Progression Solution Report

When the frontage road progressive mde is
run the afore~mentioned reports are output.
Additionally 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
direction, the bandwidth efficiency and the
attainability. The last value is the average
percent of the minimum frontage road green
time used in each direction for progression,

OPTIMAL PROGRESSION SOLUTION

ERR AR R AR R P RN ARN T AR AR R RS RN ANB O AR AR A AR N AR AR AN AR A RN A

- L]
* L]
« INTERSTATE WIGHWAY 15 RUN NO, 1 6/17/17  «
* *
L] *
ERANRA NS R R RN G A SR ARG AAR R A AR NP AN R AARI N AR RAN AR R E NGRS
L *
L *
*#  CYCLF LENGTH 78 SEC, «
[ ] *
- *
» 'A!' DIRECTINN .
* *
. PRNGRESSINN SPEFD 34,8 9PH, -
* ]
. RAND AINTH 25,0 8FC, =«
* L]
& R
* 'R DIRECTION *
- *
* PRAGRFSSION SPEFD 34,8 MPH ~
L] *
. RAND WINTHW 23,9 SEC *
» *
* L]
» EFFICIENCY 0,33 "
* *
L] "
o ATTAINAATILITY 0,93 -
. .
ARNE R RS AN A PR R AN RA DO R AN R R AN P A NN RN RE R AR R ARNRNATANARR AR

Figure 68, Optimal Progression Report from
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Frontage Road Progression information

Addi tional internal phasing information,
which is shown in Figure 67, is provided for
the progression solution, The results are
self explanatory. The phase orders and of f-
sefs will have been input by the user unless
the delay-of fset analysis was called for; but
as noted earlier, it is strongly recommended
that this analysis not be requested simul tan-

eously with the progression analysis due tfo

extreme computer run times,




FRINTAGE RIAD PRDNGRESSTON INFDRMATION

PASSER TI11

L R R R Ry S R R R R R R R e R R R 2 2 S22 S Y

RER RS R AR AR A SRR R R AR AR A RN SN N RN AN AN R AR A NAR AN A AN R R AN R R R A RN AN RN RO AR AN R AAN NN S A AR AR AAR AN AN NS AN AARD R AN RONRARES

LR R N Y R R R A X X R R R R R R R N R R R R R R R R R R R R 2R RS Z 2 RN 222 2 2222 X

AR R A RN AN A NN RN AR AN R R R RN R AR N AR PR AR R AR A AN AR N A AR AN AR AR AR AN R AN NN AR AR ARA A AR AR NANARANNRATARAN AR RAGANORRNS

Frontage Road Progression Information Report
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Figure 69.
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Figure 70. PASSER |1l Time Space Plot
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Time=-Space Plot

If requested, a printer or line terminal plot
of the timespace diagram can be obtained. An
example of a line plot is shown in Figure
70.

ADDITIONAL FEATURES

The two major options-have already been men-
tioned: a) optimization of isolated inter-
changes and b) optimization of progression on
parallel frontage roads.

In the isolated mode, PASSER 111 can analyze
five phasing patterns, which were identified
in Figure 61. The two most popular (but not
necessarily always the "best"™) are the four-
phase with two overiaps (Pattern 1A) and the
three~phase "lag-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 progressive mode 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 incliude printer or line term
inal plots of the time-space diagram of the
progressive mode,

can be used to evaluate alterna-
tive interchange improvements by simply
changing the inputs to reflect proposed con-
difions, such as adding new lanes.

PASSER 11

APPLICATIONS AND LIMITATIONS

When the isolated interchange mode Is used,
the results shown in Figures 64 thru 69 are
output, For design purposes the interchange
will operate optimally if the resulting off=-
set is used for the particular cycle length
and phase pattern specified. To examine
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alternative solutions, several runs may be
made specifying different parameters, The
"best" solution is that which results in the
best overall value of the appropriate MOE,
usually total delay. Other MOE's may be used
to override a decision based on delay, For
example, if there is a high probability that
queues may not be cleared and the internal
storage may be exceeded. Other improvements
can be analyzed by altering inputs, such as
adding lanes,

Although PASSER 111 Is designed primarily to
study fixed-time and fixed-sequence control,
the delay-offset analysis can also be used to
study various full-actuated phasings and to
determine the effects of different inter-
change approach lane configurations, Ileft
turn configurations and U-turn lane provi-

sions, Of course one must realize that such
an analysis must be considered as an "aver-
age" operation.

Similarly, the progressive mode 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

111, as are the of fsets to obtain progression
at a specified speeds (+2 mph). Progression
may be one-way or two-way depending on the
input parameters, See Chapter 6 PASSER
11(80) for further discussion on the
progressive mode.,

As stated earlier, these two modes 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.

EXAMPLE PROBLEM

To illustrate the use of PASSER |Il]| model in
the isclated mode an example problem was se-
lectede The following paragraphs descrlibe
the problem and the results of using PASSER
Il
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Diamond Interchange Example Problem

Figure 71,
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Problem Description

The diamond interchange shown on Figure 71
was used on an example problem, This inter-
change is located approximately two miles
north of the Tampa CBD which has been used
previously as example study sites.

This is a standard diamond 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 150!
long, having a nominal storage capacity of
six vehicles, Right tfurns for northbound

of f=ramp and eastbound arterial are independ-
ant of signalization,

The existing signalization is presently a
"lead-lead" operation similiar to Figure 62,
with a six (6) second offset, Due to prob-
lems experienced previously, no permissive
left turns from the arterial to the on-ramps
are permitted,

Since the timing was orginally established
several years ago, it is now desirable to
determine if improved traffic flow can be
obtained thru revised signal timing,

Analysis of Existing Condltions

With the PASSER Iil model it is possible to
mode!| existing conditions if signal timing is
similar to one of the five phase sequences
used by PASSER 1ll. Since the operation at
the example interchange meets this criteria,
existing conditions were modeled.

To mode! existing conditions 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 characteristics under existing
conditions were obtained from this initial
run, The resuits showed that Phase A (thru
movements at both the signals) was inadequate
to handle traffic and that unacceptable
levels of services occurred, particulariy 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 wused as illustrations
showed the output from this condition.

Define and Analyze Alternatives

Each run of the model will evaluate each of
the five possible phasing patterns for a
specified cycle length and select the most
optimal phasing and internal offset. Figure
70 shows the coding required to permit the
model to select the optims! pattern for a
sixty (60) second cycle, To define alterna-
tives, it is only necessary fo 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, A similar report was obtained
for the existing condition and the five cycle
tengths evaluated,

Evaluation of Results

Table 18 provides a summary of the optimal
results obtained for each of the alternative
cycle lengths evaluated, The existing lead-
lead phasing was the optimal phasing pattern
for all 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 most meaningful

measure of effectiveness is 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 similar to Alternative B with 16,76 vehi~-
cle hours of delay, The criterial movement
tor both of these alernatives is the right
side Phase C, During this phase all teft
turns cannot clear the interchange and fre-
quently 3 or 4 vehicles will 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 Alternate
C (70 seconds) the delay for these vehicles
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B LN N SRRLIT ol vl doist seof pist fsepla kg [T T 2] 3] a]1A .
384 12 |13 | sn i1 212 41 F4.0_ f2.d Fa.0_ 2.9 212 512 =
e A s B BT VNI B B I 0 W A I 2 N T I S R Y e A le
(AR EEE N NN 4011 1 1 1 J B 111 Lt i g1ttt 111 | ] 1 ! T
NEENEEERN N TR I S EE b e et bbby ekt bttty = T
dga et v v g by bagy 11 AT NNEE N W NN RN RN TN S T .
AN E NSNS RE N AN NN AN E NN T AR V) 'l I I T B
USRS EENUE N TS NN bbb Lot eea e b ba et fafa bt vl I
. ,
Lty b1l [ L1t} 111 1111 I NN 1 1.1t 11t il 1 1
RSN ENENEE N NS R WS pia e bt b b e ey pr e by b ol gaga [
O I O O O O I 1111 1 1 1 i 1 141 1 Lt I I | i | (
sl bt e le e TS TN T TSN Nl NNUE NS N W e T 3 r—'
USRNSSR NI NN ETE NSNS N RN VI AN i P S N R e T
NN EE R NN NN ENE AN e b e b b e d e b b oy g e ] emser boionenme siows s
A Ui e
11 1113 br b i)y 1 1 1 ] 955 N N D S I T I S AN O I A 1_11 ] [ 'l Py
13l rri 1 i il 1 1 1 Il | 1 111 1 [ | I} | 1 i l__ —_—
SRR ENEEEE U NN S EENE ed e b b b e b b pa b aly Lj - -
TR NS FUE NN 1l '8 I S WY N NS i N VS T [ oo Hl(—
* PLT= Permissive Left Turns Left and Right sides
-4
PASSER 111 (2): 2 pacE 2 0F 2

INTERCHANGE(S): 2 ~Z5 € BoAkelo

{must be in order if more than one)
3 I IA Direction l 7] l
[

J ' | A Diracrion ‘ L
Neeen (] Vb D beE=D

)

INTERCHANGE DATA CARDS {THREE PLR INTERCIANGE)

T aowen ] tC

VEHICLE MOVEMENTS

y 2,'°;I‘.',.'f.;..°.f T L,

AR

MOVEMEN DIAGRAM
1 i 2 l 3 I 4 l 5 6 7 8 I QJ 10 Ill |12 I 13 I 14 l 15 llG ] 17 l 18

]8F4.0
VOLUME 1119 @ZSI I3 az0] o) et o] 2sT S2el 2w A el 374] . e 28] %l 334731
NO. LAHES 11 1011013010, 2101111001010 L 24 o 8.8 1 1 19O a3 hrera0]00S ] ) 100027 L 0}l 0201000 401092 00
MIH. GRN. V] W O It WVt T BT R U S T P P R P I
| YOLUIE I NN L e drer by Ll g e e b Loy dearo eyl
| _NO. LANES I T N T I N N AN T IS NN AN RN TN AR AN
MIN. GRN. TS I N T I T AN AV AN T AR AT AN e TN W TN N
| YOI GHE v gy e eyl t ey e e de g i v fie e L ra b b egaa
NO. LAMES 141 44 144 114 13 111 1 1) 111 111 141 1Lt 1 1t P} 11l Lal d.11 111 131
HIN. GRN. [EU N TETE FETE RS SRR FENE FEYE AU B 'WE FEWE TR SETE T AT AW fuTE

Figure 72, PASSER 11| Coded Input Data for 60 Second Cycle at

1-275 Interchange into Buffalo Ave,
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3636 36 D6 D6 D6 JE D6 2 3¢ 36 6 M D6 DE JE 2 26 26 D6 JE I I € € 36 26 I 3¢ 3¢ 3¢ J€ 3 3 )¢ 36 D DE I 36 2 % 6 96 J6 56 3 JE I JE 2 36 H I 3¢ 3¢ L3.3.3.3.2.3.3.33
: RUN NUMBER 2 DATE 5714/81 :
: I1-75 OPTIMAL TIMING PM TAMPA DISTRICT 1 :
:lﬂle!!“lll*K!!l!llllKX*l*Xl*l!!ik‘!ill*l!‘!Kl*X*l*l*l!ll!*ﬂ**ll**!*l*xl%x!llxx:
: OPTIONS - :
: CALCULATE GREEN SPLITS AND MEASURES OF EFFECTIVENESS -=------ YES :
: USE DELAY-OFFSET EVALUATION TECHNIQUE YES :
: DETERMINE OPTIMAL PROGRESSIO* 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 1 :
: LOMER CYCLE LENGTH LIMITY ¢ SECONDS :
: UPPER CYCLE LENGTH LIMIT 0 SECONDS :
: CYCLE LENGTH INCREMENT 0 SECONDS :
: MINIMUM 'B*' DIRECTION BAND SPLIT NONE :
:XX!!!!!!!KK!!!*IKK!!‘*!*!KK!!!‘l*l***!!!l*X*KKKi!*!K‘xﬁi***!**ﬂl!x*xx*!Kl!l*x*!i:

INTERCHANGE INPUT DATA

2696 6 36 06 26 36 HE 2 D6 HE I 36 JE I JE DI IE I I 36 JE I I 36 I JE I 2 IE IE I 36 JE I IE IE JE JE 3¢ 2 D JE I 3E IE I I JE JE 6 I D6 IE 3 26 IE IE I IEIEIE JE IEIE I IE I I IEIEIE I I I IE I IE I I IE I IE I IE I IC I I 36 36 I I JEIE I IO I I I H 4 I IE 3 I 3¢ 3 3 M 3
* * *

¥ DISTANCE * PROGRESSION SPEED : QUEUE CLEARANCE *

INTERCHANGE 1 :!!lll!l!x!iii*!llX*I!iI!!Xl*xl:IllilXX!I!Ii!lli!xx!!!*!ill!!l:llxxlxl!*l!XXX!X!!!I*X!XXXXlll:
BUFFALO : FROM 1 70 2 --- 0 FT. : FROM 1 70 2 ===~ 0 MPH. : 'A' DIRECTION —---- 0 SEC.
; FROM 2 70 t --- 0 FT. S FROM 2 TO 1 ~--- 0 MPH. E *B* DIRECTION ----- 0 SEC. ;

*

2636 26 3 3 36 36 JE 3 JE I 3K DI IE I I IE 3 I I DI 2 IE JE IE 6 36 2 IE I 26 JE I 2 DE IE 36 D6 2 I 26 36 36 3 I 2 36 I I I I HE I DEIE I I I IE IE I I I I I IEJE I I 3 D JEIE I I IE I IE I I D I 36 I I I 3 M I I HE I 36 I I I K I I I I 2 3¢ N M H
* *

RUN DELAY-OFFSET ANALYSIS? * PERMISSIVE LEFT TURNS ALLOWED? *
* *
3636 36 36 23656 36 36 36 3 36 32332 3 2 26 36 36 36 393 € 36 36 36 36 36 6 6 DE FEJE DE 36 JE 6 36 2 D6 JEIE 63 26 36 26 HE 26 6 I 6 26 JE3E 26 2 26 36 3 DE 26 2636 3E 3 3 26 36 D6 26 26 36 3E 236 I 2 236 36 36 2 2 6 6 26 2 236 36 36 38 2 2 2 2 3 36 96 3 36 36 26 €

*

*

»*

*

*

*

*

*

*

*

*

¥

%

»*

% % AT LEFT SIDE INTERSECTION NO %
%X CODE t OR LEAD-LEAD YES * *
* % AT RIGHT SIDE INTERSECTION -=w=rm-———-mwor—————mooooe NO X
% CODE 2 OR LAG-LEAD ==r—====rme-————eeaoaa. YES % *
* 3363636 2366 32D IE 6 36 36 36 36 36 3 JE 36 2 36 36 36 6 26366 3 2 3636 36 36 36 -3 2 6 36 6 3 2 16 36 6 36 2 3 363 6 .36 3 3 3 33 ¢
% CODE 3 OR LEAD-LAG YES % *
* %* INTERIOR TRAVEL TIME *
* CODE 4 OR LAG-LAG - YES %

* 263636 36 2636 26 6 3E 36 36 6 36 DE 6 36 6 36 3 D36 36 36 3 6 36 36 3 36 36 36 36 36 36 336 JE 26 336 36 36 36 36 36 1 3 3 36 36 3 36 3 %
% CODE 1A OR TTI 4~PHASE =-=-----===—-—=-o--s YES % *
* * FROM LEFY TO RIGHT ACROSS THE INTERCHANGE ----~--- 11 SEC. %
* * *
2036 26 3606 33 3 36 36 263 3 06 56 363 3636 26 36 JEI DM N M IIIIENIIENNNNNXXX  FROM RIGHT TO LEFT ACROSS THE INTERCHANGE =-=-=w--- 12 SEC. *
* * *
* PRIORITY PHASINGS / INTERNAL OFFSET 3696 2636 363636 3 36 36 .36 36 36 3 JE I 2626 3 26 26 36 D 3636 D6 336 96 36 36 36 36 3 36 2 3636 36 36 3 36 3 3 36 36 36 3 H 36 3 3636 3 - %
* * *
3696 262626 26 336 236 D6 36 36 3 36 36 36 D JEIE 26636 3636 HE 26 D63 D6 36 36 JE 2636 JEI 26 26 36 96 36 3233 2 3 ¢ INTERIOR QUEUE STORAGE *
* *

* 2836 36 6 2636 36 D6 36 6 36 36 36 636 6 96 D 26 6 36 6 D€ 36 6 36 6 3 4 36 I 3 36 36 36 36 3 26 JE 26 36 26 36 26 36 26 36 D6 36 336 D63 3 26 36 36 36 2
X CODE 4 OR LAG-LAG --w~==———=v== NONE * *
* # THROUGH MOVEMENT AT RIGHT SIDE INTERSECTION ----- 8 VEH. x
% CODE 3 OR LEAD-LAG ——-=-==~—== NONE * *
* ¥ LEFT TURN MOVEMENT AT RIGHT SIDE INTERSECTION --- 6 VEH. X
¥ CODE 2 OR LAG-LEAD NONE * *
* % THROUGH MOVEMENT AT LEFT SIDE INTERSECTION -- - 8 VEH. x
¥ CODE 1 OR LEAD-LEAD NONE * *
* % LEFT TURN MOVEMENT AT LEFT SIDE INTERSECTION ---- 6 VEH. X
* * *
9636363636 96 3 6 36 2 36 36 26 D636 6 26 6 36 3626 36 36 6 DE 36 D6 26 36 6 36 3 D 636 6 3 06 3636 6 36 36 2 6 26 D6 36 3 3 6 D6 6 36 8 36 3 3 3¢ 11 266 D636 D6 3626 6 36 36 26 1636 3626 3626 3 6 36 36 36 6 I 363 6 2 36 3 ¢
* * *
* MOVEMENTS » 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 13 *
* * *
9656 3 36 6 36 6 36 36 36 3 26 6 36 3E 36 D 26 26 D6 36 6 36 1 36 DE 63 36 36 36 26 336 3 DD D€ 3 6 36 3 36 6 2E 6 36 36 2 36 36 236 6 26 36 D6 36 26 336 36 36 2E 36 36 J 36 D6 36 -3 6 06 D636 36 2 36 2 3.2 3 36 6 26 06 6 36 1 2 6 2 6 36 D6 3E D 36 3 2 363 D 3 3 36 36 36 3 W 3 %
] * *
* VOLUMES * 0 628 336 220 10 161 0 125 526 245 0 45 376 0 245 902 336 739 x»
* * *
* NUMBER OF LANES * 0.0 1.30 0.70 1.00 0.12 1.88 ¢.0 0.39 1.00 0.51 0.0 0.2t 1.79 0.0 1.00 2.00 1.00 2.00 x
* * *®
* MINIMUM GREEN »* 10 18 10 13 10 10 10 10 *
% * *
3636 363 336 3 32 3 26302636 2636 6 36 3 2 30 2 2 26 3¢ * £33 1] * * 3696 D636 26 3626 36 36 36 3636 J6 36 36 3 1636 6 36 36 36 36 36 36 3 3 3 36 M 6 64 3¢

Figure 73, PASSER |1} Output Report for 60 Second Cycle length at
1=275 Interchange with Buffalo Ave.
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GENERAL SIGNALIZATION INFORMATION

F6.36.36 D636 36 36 36 36 36 36 3 JE 36 36 36 2 36 36 3 6 36 36 36 I 6 36 36 26 2 JE I JE I I 26 36 JE I I M IE 36 36 I I I H 3 36 3 36 JE I I 26 36 36 36 I I IE 36 JE 26 3 I€ IE 36 3 I IE JE I I IE JE JE I 36 XK JE 2K IE I I 26 36 I JE I I D€ 2 26 K I H I I ¢ 3¢ 6 3¢ ¢

* *
* ]
* I-75 OPTIMAL TIMING PM AT BUFFALC RUN NO. 2 5714781 x
* *
* *
5626 36 6 36 36 3 6 26 36 36 36 3636 36 3636 26 3636 26 26 36 36 36 36 36 636 D6 36 36 6 36 36 6 36 36 36 36 36 36 36 36 36 36 936 36 36 36 3E 36 3 36 36 3 JE 3 36 36 36 3 36 36 36 3636 3E 36 6 I 26 6 6 36 36 36 6 6 J6 36 36 6 36 3€ 36 I 2 € JE 36 3 36 3 36 26 ¢ 3¢ 36 36 3¢
* * * *
* * LEFT SIDE * RIGHT SIDE *
* MEASURES * * *
* OF FE2696 36 96 26 266 26 J6 26 3 36 36 36 3626 36 JE 36 6 36 3 3 26 26 36 362696 36 3 6 236 36 .36 3E D6 DE 26 6 36 36 3 36 3€ 36 3 36 36 36 36 JE 3 26 3E 36 3 36 36 3 6 96 36 36 I 36 3 36 36 36 36 6 36 36 3 36 3¢
* EFFECTIVENESS * * *
® * - A B c D * A B [ D *
* * * *
3626 36 36 1636 36 6 26 JE 36 36 3 36 36 36 36 36 36 6 26 36 36 26 26 JE K 36 26 36 36 3 D6 236 636 36326 D6 D6 2 36 336 3 6 26 36 36 36 6 D 36 6 26 D6 3 6 36 3E 36 36 3 36 36 36 .36 36 I 26 26 36 36 36 36 I 26 36 3E 36 26 26 3 I J6 96 3E JE 6 2 JE 3 3 96 36 3¢ 3 3 3 36 3 3¢
* * * *
* * * *
* GREEN TIME ®  26.7 18.0 15.3 62.0 x 24,9 18.0 17.1 42.0 *
* (SEC.) * * *
* ¥* * *
* * * *
¥  VOLUME/CAPACITY ¥* 0.71 0.52 0.72 0.40 x 0.84 0.51 0.85 0.35 x
¥  RATIO, * * *
* * * *
¥  LEVEL OF SERVICE X c A c A * D A E A *
* * * *
* * * *
% DELAY * 17.44 19.38 30.84 5.85 19.63 20.93 41.92 5.55 x
*® (SEC./VEH.) * *® *
* %* * *
¥  LEVEL OF SERVICE B B c A * B B c A *
* * * *
] * * *
% PROBABILITY OF * 0.89 0.98 * 0.62 0.98 *
¥  CLEARING QUEUVE * * *
* * * *
%  LEVEL OF SERVICE X c A * D A *
* * * *
* * * *
¥ STORAGE RATIO * 0.42 6.19 x 0.56 0.16 x
* * * *
* * * *
3696 3636 9636 36 36 3636 36 3 36 26 3669 36 36 36 36 3626 36 36 3 36 36 JEIE DE DD I 96 IE 36 36 0636 96 36 DEIE I 26 36 36 36 3 HE 36 JE 36 36 3636 I 26 36 36 JE3€ 2636 D6 36 6 JE I 26 FE I 26 26 36 3 36 DEJE 36 6 26 2EIE 3 2 36 263 I 336 2 3 36 3 ¢ 3¢

PHASE ORDER - ABC/ABC
INTERNAL OFFSET - 12 SECONDS
TOTAL INTERCHANGE DELAY - 16.02 VEHICLE-HOURS PER HOUR

PHASE INTERVALS
FE36 363626 26 26 36 JEIE 26 6 IE DEIEIEIEHE IEIE IEIEIEIE I 36 36 I 36 36 36 2 36 36 36 36 36 36 36 3 26 36 I D 36 36 I 36 36 36 2 2 30 3 96 36 36 363 3 3 6 36 3 3 I H 3 36 36
I-75 OPTIMAL TIMING PM AT BUFFALO RUN NO. 2 5/16/81

63636 26 D€ I I JE JE 26 6 I I I JE IE 3 JE € I I IE JE IE I IJE I I I IE JE JE 6 26 2 I IE I IE IE I I D IE IE IE I I I I I I IE I JE 36 3 I I I€ IE JE I 3 I I I I 3¢ 3¢ 3¢ )¢

PHASE INTERVAL LEFT SIDE RIGHT SIDE PHASE INTERVAL
NUMBER STATUS STATUS LENGTH(SEC.)

363636 36 3 26 JEI€ 3 3636 36 3¢ JE IE IE I 36 I JE I IE IEH I JE 26 I DI 3 I IE D6 JE I IE 36 36 36 3 36 26 HE IE JE 2 IE I 3 IE I IE IE 36 DE I IE I 3 I 3¢ I I 3 HE 3 33 4 ¢

1 A B 12.0
2 A Cc 14.7
3 B [ 2.4
% B A 15.6
5 [ A 9.3
6 C B 6.0

KK KK K K K M K KKK K K K KKK KK KKK KK K KKK KKK X

*
*
*
*
*
*
*
*
*
*
*
]
*
*
*
*
*
»*
*
*
»*
*
*
*
*
*
*
*
®
*
*
*
»*
*

369636 26 96 26 3 E 636 JEEIE 36 3E 6 36 26 36 I 3 36 JEIE D6 36 D636 D636 36 6 36 36 36 36 96 26 266 26 2 36 K 26 36 3 36 6 36 36 3 JE 316 36 36 36 3 3 D6 26 36 3 36 36 3 3 3 3 3¢ 36 3¢
PHASE ORDER - ABC/ABC
INTERNAL OFFSET - 12 SECONDS

Figure 73, PASSER I1{ Output Report for 60 Second Cycle length at
1-275 Interchange with Buftfalo Ave, (Continued)
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Table 18 - Comparison of PASSER (1| Alternatives
Cycle Phase Internal | Total Delay Critical Movement
Alternate | Length | Pattern | Offsets | (Veh, Hrs) Phase V/C Ratio Delay (sec per hr)
Existing 90 lead lead 6 26,98 A(RT.) 1.05 (Super saturated)
A 50 lead |lead 36 (INTERCHANGE SUPER SATURATED)
B 60 lead lead 12 16,02 C(Rt.) «85 41.92
C 70 lead lead 13 16,76 C(Rt.) i 32.76
D 80 lead lead 14 18,67 C(R*.) YA 31.94
E 90 lead lead 9 20.72 B(Rt,.) 77 40.56
F 100 lead lead 9 22,78 B(Rt.) - 78 45.57
would be reduced with Ilittie increase in REFERENCES
total delay, However, as previously pointed
out, the estimate of delay for the separate
phases did not vary with offset, therefore, 7.1 Pinnell, C. and D.G. Capeile, "Design
these figures should not be used except as a and Operation of Diamond interchanges",
genera! order of magnitude. Texas Transportation Institute Report
E-45-61, August, 1961,
Based upon the results of these alternatives
it could appear substantial improvement in 7.2 Fambro, D.B., et al., "A Report on the
traffic flow can be obtained by reducing the User's Manual for Diamond interchange
cycle length, Additional runs for 60 to 80 Signalization - PASSER |II", Texas
seconds using a 10 or 11 second internal off- Transportation Institute Report TTi-2-
set with overlap values may result in further 18-76-178-1, August, 1977,
improvements.
7.3 MWebster, F.V. "Traffic Signal Settings",
Summary of Work Effort Required Transport and Road Research Laboratory,
TRRL Technical Paper 39, 1958.
The following paragraphs summarize the work
effort required for the example probiem, 7.4 Messer, C.J., D.B. Fambro and J.M.
Turner, "Analysis of Diamond Interchange
Data Collection = All data required were Operation and Development of a Frontage
readily available from the traffic engineer- Road Level of Service Evaluation Program
ing office, This included a 1" = 20' scale - PASSER |1l = Final Report", Texas
geometric plan of the interchange, recent Transportation Institute Report 178-2F,
turning movement counts and existing signal August, 1978,
timing.
7.5 Fambro, D.B. "Passer |Il = Software
Data Coding - With the information on hand Documentation," Texas Transportation
little time was required to code the data institute, College Station, January,
necessary to run the model. Coding is 1979.
straightforward except for internal travel
time. However, guidelines are available in 7.6 Messer, C.Jo, and D.B., Fambro, "Optimiza-
table form in the User's Manual. A little tion of Pretimed Diamond Interchanges,"
over one hour was required fo code the Transportation Research Record 644,

initial runs (existing and optimal runs).

Computer Requirements - The time required to
run existing conditions was +33 second of CPU
while the optimization runs required .68 sec-
ond for the 60 second cycle to 1.45 seconds
for the 100 second cycle. All the runs re-
quired 150 K of storage for the IBM 370.
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CHAPTER 8 - SUB (ARTERIAL BUS SIMULATION

The evaluation of traffic operations on urban
arterial highways is the subject of a number
of computer models described in this Hand-
book. Traffic flow is simulated (e.g., an-
alyzed) according to a variety of tfechniques
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=-
pressly considered in most traffic operations
modeis is bus traffic, either as to how buses

operate under various “transit management
strategies, or the effect of general traffic
on bus operations. In some urban areas,

buses constitute a major part of the tfraffic
demand. Even more significantly, buses may
carry over 70% of the urban vehicular pass-
engers in larger metropolitan areas.

Urban arterials serve the dual! purpose of
providing a relatively efficient route for
the movement of traffic, as well as servicing
the abutting land. In the case of general
(primarily automobile) traffic, this s
accomplished by appropriate geometfrics 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 Is
an important concern, but of equal concern is
the efficient servicing of the abutting pro-
perties to board and discharge passengers.
The necessity of buses to make (largely sche-
duled) stops at designated bus stops may -
depending on the type, location and duration
of stops~cause perturbations in the ftraffic
stream, Likewise, general traffic may inter-~
fere with the movement of the buses, causing
delays or extending scheduled travel times,

The analysls of bus-retated traffic manage-
ment strategies is clearly a significant
need, for both the trafflic engineer and the
transit operator. Few existing models ade-

MODEL)
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Figure 74.

Urban Bus Stop

quately address this aspect. In Washington,
D.C., the need to consider bus impacts was
recognized and some facilities for analyzing
bus flow were Incorporated into +the Urban
Traffic Control System (UTCS-1, {ater NETSIM,
see Chapter 11), These facilities were mini-
mal, however, and detailed analysis of some
of the bus-related characteristics noted
above could not be adequately addressed.

In order to provide transit operators with a
tool for evaluating bus operations along an
arterial, and the effect of various bus stop
strategies on their performence, the SUB
model developed by FHWA has been included in
this Handbook and Is the subject of this
chapter.,

MODEL DESCRIPTION

SUB is an acronym for Simulation of Urban
Buses, The program is written in FORTRAN IV



SUB

and contains nine modules with a total length
of approximately 1300 FORTRAN statements,
plus comments, The program requires only
about 90k of core, thus, should run on most
IBM (0S/360 or higher computers. Efficiency
is high, although run time varies with the
specific simulation requirements, Time
compression of up to 50 time units of simu-
lated time per unit of computer time may be
realized,

The simulation mode! treats buses and general
traffic differently, Bus traffic is analyzed
by a microscopic, deterministic and stochas-
tic simulation submodel with event scan up-
dating. That is, all events are calculated
and projected ahead and updates are made only

upon occurrence of the projected events
(e.g., bus travel from point to point, stop,
depart, etc.).

Automobile traffic, on the other hand, is

processed. by a mcroscopic, deterministic
simulation submode! with periodic time scan
updating, Input volumes are the only random
element in this submodel. Traffic is treated
as homogeneous groups or platoons on each
block and these are propagated along the
route according to common analytical expres-
sions, subject to control status, and turning
movements,

Only one direction of travel is simulated;

however, the effect of opposing traffic on
left-turns 1is considered. Traffic signal
control is considered simplistically by a

two-phase (for the single approach to each
intersection) operation, namely green or not
green,

The arterial mode! analyzed by SUB involves
two-ianes 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., pull~-outs vs, on-street bus
stops) and restricted lanes for buses,

142

inputs to SUB include the geometric and tfraf-
fic control characteristics of the study sec-
tion, traffic volumes and turning movements,
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 dwell times, MOE
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, traffic data and other
exogeneous data, such as parameters and

standard values.

Addi tionally, there are certain embedded data
which are automatically used by the program,
These latter include the fol lowing, which may
be changed by the user to reflect iocal char-
acteristics by changing the appropriate
"DATA" statements and recompiling the pro-
gram:

o Minimum acceptable gap for bus driver to
change lanes

Bus driver reaction time

Factors representing the variability of
passenger and bus arrivals, bus passen-
ger service time and bus speed.

The data input by the user are contained on
14 types of cards, which are described in
Table 19, A typical data deck stack is shown
in Figure 75,

The inputs are mostly self-explanatory, with
several exceptions, which are discussed
briefly below., However, it should 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
validity of the cards. The program simply
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Table 19 - Input Requirements for SUB

CARD TYPE

CARD DESCRIPTION

REQUIREMENTS

TITLE
(1 per run)

Provides Title for Simulation
Run

Arbifrary Information

SIMULATION CONTROL
(1 per run)

Define parameters to control
the simulation

Seed for random number, number of
links, simulation time, number of
time periods, time scan interval
and clock time

TRAFFIC PARAMETER
(1 per run)

Define traffic parameters which
are constant for entire run

Headways, vehicle & bus lengths and
bus operational characteristics
(acceleration & deceleration rates,
cruise speed and average "lateness"
of bus arrival)

PASSENGER SERV{CE
TIME
(1 per run)

Defines the time require to
service passenger

Service time, load time, unload time
and interaction time beilween loading
passengers

TRAFFIC DEMAND

Define the traffic volumes

Vehicles per hour entering first

(1 per run). (excluding buses) link for each simulation per iod
(max, 13 periods)

BUS ROUTE Deflines 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 | Link length, number and type of bus

(1 per Iink) of each link of arterial stop, distance to stop line and
capacity of bus stop

BUS ARRIVAL Define bus arrival times Scheduled time of day at entry link

(1 per route)

of each bus

COMMON DEMAND
(1 per route)

Define common loading, and un-
loading demand between bus
routes

Routes with shared ridership and
proportion of demand

SIGNAL
(1 per link
per period)

Define arterial signal timing
for each study per iod

Cycle length, green interval, lead
time (if appropriate) and of fset

SPEED & VOLUME
(1 per link
per period)

Define traffic speeds and dis-
tribution of volumes for each
study period

Average free speed and lane distri-
bution of thru fraffic as well as
turning volumes

PASSENGER DEMAND
(1 per stop
per period)

Define passenger demand at each
bus stop for each period

Number of passengers loading and un-
loading by route

PASSENGER LOAD
(1 per period)

Define expected passenger load
for buses of each route

Number of passengers aboard buses of
each route at entry link

PASSENGER CAPACITY
(1 per period)

Define bus capacity for each
period

Maximum number of passengers per bus
by route
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CARDS FOR THE
FIRST PERIOD

CARDS FOR THE ENTIRE SIMULATION RUN

Figure 75, SUB Data Deck

reads in the data and attempts to execute the
data, if any error exists considerable
computer time can be wasted.

All Input volumes are indicated for the entry
link only, Thereafter, flows are adjusted by
adding or subtracting traffic on each link by
turns onto the link 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 fraf-
fic control, vehicular or passenger demand,
and bus schedule changes.

One of the more confusing aspects of the in-
puts is the common demand among routes., Of-
ten more than one route may serve a passenger
for 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 common loading is 0.1 (20/200)
between routes 1 and 2 and 0.2 (20/100)
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between routes 2 and For the two individ-

ual routes, "common" loadings are 0.9 (180/
200) for route | and 0.8 (80/100) for route
2. Unloadings are calculated similarty,

This facility allows for 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 estimtes are better
than ignoring the common demand.

Finally, inputs for +traffic signal conirol
assume fixed-timed, single through phase,
coordinated conirol, if the study section
has actuated controllers, "average" values
for cycle length and green intervals should
be input, If the system Is not coordinated
for progession, offsets should be entered
which approximate the random variation in the
start time of the cycle, Since uncoordinated
fixed-time signals will operate with reason-
able stability for short periods of time,
this is not an unreasonable assumption. For
most accurate results, however, these "off-
sets" should be determined by field measure-
ments,

OPERAT IONAL SUMMARY

As noted previously, there are two separate
simulation submodels in the SUB program, but
there are certain common operational charac-
teristics and interactions between the simu-
lation submodels. The logical operation Is
described briefly in the following subsec-
tions, Figure 76 gives an overview of the
model operation,

Initiallzation and Inputs

The initial period of simulation is the
"priming" period, during which the system is
loaded with tfraffic and buses. Data gathered
during this period is not meaningful,

Inputs to the system occur on Link !, which
is the entry link to the system in the direc-
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Figure 76. General Logic Flow for SUB Model

tion of travel being simulated. These inputs
(both buses and general ftraffic) are propo-
grated downstream by their respective simula-
tor with traffic demands varying according to
turns onto and from the artery., MOE's calcu-
lated for the entry link are also meaning-
less.

Macroscopic Traffic Simulator

Traffic operations are updated at fixed-time
intervals (from 5 to 15 seconds) on each
link, beginning with the entry link. Random
arrivals are generated using the Poisson dis-
tribution tfo simulate +the number of new
arrivals In each period. Depending on the
type of control, and conitrol status, the new
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arrivals are either added to a queue or dis-
charged to the next link. Subsequent links
are treated similarly, but with the upstream
inputs  adjusted by randomly  generated
arrivals from side streets or midblock !oca-
tions, or departures to side streets or park-
inge Each platoon is propogated fto the tail
of the next successive link,

When a queue of stopped vehicles is set in
motion, the discharge time of each vehicle is
considered, but in tferms of +the number of
vehicles discharged during the time interval.
Link travel times in motion are assumed to be
constant for each Iink.

Traffic Is regulated at each node according

to the type of control, if the signal Is
green, or if the Iintersection is sign con-
trolled (on +the «cross street), aterial

traffic advances, with two constraints:
1. If there exists a queue,
downstream joins the
discharged later,

traffic moving
queue and is

2. If vehicles turn left, they must wait for
sultable gaps Iin the opposing traffic

stream,

This procedure is done for the entire length

of a simulation period, by link, by time
step. At each time step, the link occupancy
(vehicles/link), 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

is entered for each link
The traffic sim-

The bus simulator
for each simulation period.

ulation will 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 lines and bus stops, departures from
these and completion of a passenger service
operation, Each bus has an "ID" 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 link by link as fol lows:

1. time is estimated
the 1{ink, based on
from the upstream

A tentative arrival
for each stop on
its departure time
link.

2. Intra-link fravel is based on a determin-
istic traffic flow rule (discussed in the
next section).

3. At the "tentative"™ arrival 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 queuel). Only other buses can
block a protected bus stop. Once the
obstruction clears, the "final" arrival
Time is set.

Passenger service time is based on load-
ing and off-loading demands and the "ten-
tative" departure times is calculated.

5. |f a bus is blocked from leaving the stop
(e.g., another bus with a longer passen-
ger service time), a pass is attempted,
which depends on the availability of a
gap in the adjacent fraffic stream, If a
pass occurs, the sequence numbers of the
buses are switched. if a pass cannot
occur, the "final" departure time is set
fo the departure time of the preceeding
bus, plus driver reaction time,

6. At stop lines, the conditions are checked
at the "tentative" arrival time. Depend-
ing on the signal-sequence status, buses
may "depart" at that time or be delayed.
Final arrival and departure times are
calculated accordingly.
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This process is repeated, as appropriate, for
each stop on each link for the current simu-
lated period.

COMPUTAT IONAL.  ALGOR | THMS

There are three computational algorithms of
inferest in the SUB model. These are the
traffic flow, bus flow and passenger service
models.

The traffic flow model 1Is quite simple,
Groups of passenger cars ae propagated at

constant speed if not queued, If entering a
queue, the fraffic is assumed to join the
queue Iinstantaneously (since delays are not

calculated)., The queue length var ies accord-
ing tfo the number of arrivals and depar tures,
Discharges are also calculated simply. At
the start of green at a signal, the number of
initial departures are based on the input
discharge headways. At each time step, so
many vehicles are released, until the queue
has dissipateds From this point stop line
depar tures equal arrivals.

The bus travel model is somewhat more sophis=-
ticated, All buses have their "tentative"
trave! times from stop to stop estimated by
an acceleration-cruise-deceleration model.
The variables that control this cycle are
distance and cruise speed. The latter |is
determined to be the lesser of the desired
bus cruise speed or the speed of tfraffic. If
traffic density exceeds a threshold value,
the bus speed will be reduced proportionately
to the degree of excess density. Once 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
given a random variation by the model,
"Tentative" arrival times mentioned above are
thus calculateds Finally, the bus passenger
service time (BPST) is based on the follawing
relationship:



BPST = RT + (LIT x PL)

(8.1)

+ (UIT x PU) = (ILU x PL x PU)
where RT = residual (lost) time for servicing
passengers
LIT = incremental time for loading one
passenger
PL = passengers |oaded
UIT = incremental time for unloading one
passenger
PU = passengers unloaded
ILU = interaction between loading and
unloading
As In the case of most simulation models,

the main complexity of SUB
decision-making which occurs at each time in-

terval
event

(for the
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Figure 77.

BETWEEN ROUTE 3
AND ROUTES : 1t 3

COMMON LOADING 70 30
COMMON UNLOAD. 70 30
BETWEEN ROUTE 4

AND ROUTES : 2 &

COMMON LOADING 50 50
COMMON UNLOAD. 50 50
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The recursive technique used In SUB perhaps
loses some accuracy, but is highly efficient
from the computational size and time
perspectives,

OUTPUT REPORTS

The SUB model
output reports.
ately below,

produces three basic types of
These are discussed separ-

Input Data Reports

The program gives a listing of the Iinput data
in {two formatted reports. The first is a
summary of input data for the entire simu-
lation run: +then, prior to the results of
each simulation period, a second report shows
the data peculiar to that +ime period.
Samples of these reports are shown in Figure
77.

FOR SIMULATION PERIOD t - FROM 16:30 TO
TRAFFIC SIGNALS SETTING IN SECONDS

16:45

LINK CYCLE  GREEN ADVANCED OFFSET
NUMBER LENGTH  PHASE GREEN
1 90 47 0 40
2 90 52 0 41
3 90 63 o 39
4 90 48 10 59
5 90 64 0 63
6 90 48 [ 52
TRAFFIC SPEEDS AND VOLUMES
LINK SPEED VOLUME FROM 0QPPOS. MDBLCK TURNING LANE
NUMB MPH SIDE ST VPH VOLUME DEMAND PROBABILITY DISTRIBUTION
LEFT RIGHT VPH VPH LEFT RIGHT  ONE TWO
1 25 148 0 1058 0 0.0 0.37 0.53 0.47
2 25, 0 926 [} 8.0 0.0 0.65 0.35
3 25. [ 0 10641 0 0.0 0.50 0.63 0.37
4 25. 0 108 992 14 0.0 0.0 0.77 g.23
5 25. 0 0 931 [ 0.0 1.00 8.79 0.21
6 25. ] 165 1029 0 6.0 0.0 0.99 0.01
BUS PASSENGER DEMAND
BUS ROUTE ROUTE 2 ROUTE 3 ROUTE 4 ROUTE
STP PL PU PL PU PL PV PL PU PL PU PL PU
2 [ 1 -1 ] -1 0 -1 0
4 2 Q 3 1 2 0 4 0
[ 8 2 6 1 4 0 8 1
-] 4 1 3 0 2 0 5 1
10 6 2 5 0 6 1 ] 1

BUS PASSENGER LOAD AND CAPACITY

ROUTE LOAD CAPACITY
1 20 65
2 26 65
3 24 65
4 13 65

SUB Summary of Input Data Report
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BUS STATISTICS

BUS NUMBER : 1 2 3 4 5 6 7
ROUTE NO. @ 4 3 1 2 3 1 3
~LINK NUMBER 1

STOP LINE

ARRIVAL TIME 16:31  16:33  16:36  16:37  16:43 0: 0 0: 0
DEPARTURE TIME 16:31  16:33 16:36 16337 16:43 e: 0 8: 0
-LINK NUMBER 2

BUS STOP NO. 1

ARRIVAL TIME 16:32 163133 16:36 16337 16:43 0: 0 0: 0
PASS. LOADED 0 [ 3 Q 0 0 0
PASS. UNLOADED 0 0 1 0 0 0 Q
SERVICE TIME, SEC [4 4 [ 0 4 0 0
DEPARTURE TIME 16:32  16:33  16:36 16:37  16:43 0: 0 0: 0
STOP LINE

ARRIVAL TIME 16:32  16:33  16:36 16:37 16:43 0: 0 0: 0
DEPARTURE TIME 16:32 16333 16337 16:37 16:43 0: ¢ 0: 0
-LINK NUMBER 3

BUS STOP NO. 1

ARRIVAL TIME 16:32 16:33  16:37  16:37  16:64 0: 0 6: 0
PASS. LOADED 0 0 1 2 2 0 [}
PASS. UNLOADED 4 0 0 0 [ 0 0
SERVICE TIME, SEC 0 1 3 9 7 0 0
DEPARTURE TIME 16:32 16:33  16:37 16:37 16:44 6: 0 0: 0
STOP LINE

ARRIVAL TIME 16:32 16:33 16:37 16:37 16:4% 0: 0 0: 0
DEPARTURE TIME 16:32 16:33  16:37  16:37  16:46 0: 0 9: 0
-LINK KUMBER &

BUS STOP NO. 1

ARRIVAL TIME 16:32 16:33  16:37  16:38  16:649 0: 0 6: 0
PASS. LOADED 0 1 3 3 4 0 0
PASS. UN ED 0 0 1 0 1 0 0
SERVICE TIME, SEC 0 6 16 10 12 0 0
DEPARTURE TIME 16:32 16:33 16337 16338 16744 0: 0 0: 0
STOP LINE

ARRIVAL TIME 16:32 16:33 16337 16:38 16:49 0: 0 0: 0
DEPARTURE TIME 16:32 16:33  16:37 16:38 16:44 g: 0 0: 0

Figure 78. Bus Itinerary and Summary

Statistics Report

Bus |tinerary and Summary 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 |link and
for the entire section., Additionally, the
average overall speed Is shown for the entire
section, This report is Issued for each
simulation time period.
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ROUTE STATISTICS

ROUTE NUMBER 1 2 3 4

TOTAL P. LOADED 10 1" 14 0
TOTAL P. UNLOADED 2 0 2 0
TOTAL 5. TIME. MIN 47 43 62 9
MEAN SPEED, MPH 8.4 13.0 15,0 15,0
P. WAIT. TIME, MIN 87 70 0 128
MEAN P W TIME, MIN 8.7 6.4 0.0 0.0

SUMMARY STATISTICS

TOTAL PASSENGERS LOADED = 35 TOTAL PASSENGERS UNLOADED = 4
TOTAL SERVICE TIME, MIN = 152 MEAN OVERALL BUS SPEED, MPH= 13.3
PASS WAITING TIME, MIN = 285 MEAN PASS. WAIT. TIME, MIN = 8.1

Figure 79. Route Statistics and Summery

Report

Route Statistics and Summary Statistics

Finally, at the conclusion of the simulation
run, the loading/unloading, service times,
mean speed and total and average passenger
waiting time are reported by route, and for
the entire run. An 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 availabfe 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 schedule changes

o Changes in passenger or vehicle demand

o Changes In fare collection techniques
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By proper manipulation of Iinput data, these
additional fraffic management strategies may
be studied,

o Restricted lane for 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 is done by treating them as part of the
general traffic on the links in which they do
not actually travel,

The SUB model only analyzes, 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 results simulated, select the "best"
solution,

APPLICATIONS AND LIMITATIONS

The SUB model 1is designed to analyze bus
operations on signalized arterial streets.
Considered are the impacts of bus stop strat-
egies and the affect of general fraffic on
bus operations, The reverse, or the Iimpact
of buses on general traffic is not consid-
ered, mainly because other models can already
perform this function. NETSIM (Chapter 11)
Is the prime example of this capability,

The limitation of two lanes in SUB is, in
reality, not a serious |Iimitation, Most
buses normally 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 will not
Impact on bus operations.
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The treatment of traffic signals Is somewhat
simplistic in SUB, The binary control func-
tion, green or not green, limits the study of
traffic signal strategies somewhat., Also, in
this regard, bus preemption is becoming an
increasingly considered method of improving
bus operationss This type of control cannot
be simulated by SUB.

The limitations notwithstanding, SUB is a
unique mode! in the traffic engineer's arsen-
al of traffic operations models, It is also
a valuable tool for the transit operator and
can be used by both the traffic agency and
the operator to evaluate Iimproved traffic/
transit management strategies.

EXAMPLE APPLICATION

An example problem was developed to illus-
trate the use of SUB to evaluate alternative
bus stop locations and design. The example
is based upon the same arterial sireet used
previously for 1illustrative purposes, The
following paragraphs describe the use of SUB
for this model.

Problem Description

Ashley Drive is the major arter ial route ser-
ving the downtown area. At the present time
four bus routes are served by this facliity
with a maximum hourly volume of {9 buses per
hour for all routes. None of the buses now
stop and pick up passengers on Ashley Drive.
However, there is some consideration of +the
need of adding bus stops to serve the adja-
cent office buildings as well as a multi-
purpose center on the west side of the sireet
which iIs frequently used during the daytime
for convention and industrial shows.

The purpose of this example problem is to
evaluate the use of nearside unprotected bus
stops at each street, which the driver and
transit company prefers, or to Install two
protected midblock bus stops as desired by
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Figure 80,



the city traffic engineer, Figure 80
trates these two alternatives,

illus=-

Analysis of Existing Conditions

Since this is a proposal to evaluate two
alternative methods 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 parameters (vehicle characteristics and
%% THE SUB MODEL %%x
SIMULATION OF URBAN BUSES
ASHLEY DR BUS OPERATIDNS(PM)- PROPOSED 5 UNPROTECTED NEAR 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 IN SEC = 4.50 + 2.70 PL + 1,00 PU - 0.05 PL.PU + DEV,

TRAFFIC DEMANDS, VPH :
868 960 1188 984

LINK LENGTH BUS STOP NO. ¢ BUS STOP NO. 2 BUS STOP ND. 3
NO. FEET DIST <CAP TYPE DIST CAP TYPE DIST CAP TYPE

FEET BUS FEET BUS FEET BUS
1 291, 0. 0 4
2 292. 292. 2 0
3 292. 292, 2 0
4 237. 237. 2 0
5 348. 348. 2 0
6 284, 284. 2 o

EXPECTED BUS ARRIVALS TO FIRST STOP LINE IN HOURS & MINUTES
ROUTE ARRIVALS :
1 1635 1645 1655 1705 1715 1725

2 1635 1650 1705 1720
3 1630 1642 1654 1706 1718

4 1630 1645 1700 1715
PERCENT OF BUS COMMON PASSENGER DEMAND

BETWEEN ROUTE 1
AND ROUTES : 1 3

COMMON LOADING 30 20
COMMON UNLCAD. 80 20

BETWEEN ROUTE 2
AND ROUTES : 2 4

COMMON LOADING 50 50
COMMON UNLOAD. 50 50

BETWEEN ROUTE 3
AND RDUTES : 1 3

COMMON LOADING 70 30
COMMON UNLOAD. 70 30

BETWEEN ROUTE ¢4
AND ROUTES : 2 4

COMMON LOADING 50 50
COMMON UNLOAD. 50 50

Figure 81,
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passenger service characteristics) which are
representative of local conditions. Since
these were not readily available for the
local area, guidelines suggested In the
User's Manual were utilized,

Since there are no special coding forms the
information was coded on standard forms and
keypunched. Figure 81 shows a comparison of
input date for both alternatives from the
output reports.

The only change between the two alternatives
is location of bus stops, capacity and type.
For Alternative A five unprotected bus stops
*%% THE SUB MODEL *xx
SIMULATION OF URBAN BUSES
ASHLEY DR BUS OPERATIONS(PM -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 DECELERATION = 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 934

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 0. 0 0

3 292 0. 0 0

4 237. 150. 3

5 348. 0. 0 4

6 284. 150. 3

EXPECTED BUS ARRIVALS TO FIRST STOP LINE IN HOURS & MINUTES
RQUTE ARRIVALS ¢
T 1635 1645 1655 1705 1715 1725

2 1635 1650 1705 1720
3 1630 1642 1654 1706 1718

4 1630 1645 1700 1715
PERCENT OF BUS COMMON PASSENGER DEMAND

BETWEEN ROUTE 1
AND ROUTES @ 1 3

COMMON LOADING 30 20
COMMON UNLOAD. 8C 20

BETWEEN ROUTE 2
AND ROUTES = 2 ¢4

COMMON LOADING 50 50
COMMON UNLCAD. 50 50

BETWEEN ROUTE 3
AND ROUTES : 1 3

COMMON LDADING 70 30
COMMON UNLOAD. 0

BETWEEN ROUTE 4
AND ROUTES @ 2 4

COMMON LOADING 50 50
COMMON UNLOAD. 50 590

Compar Ison of Summary Input Data for Alternatives
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Alternative "A"

FOR SIMULATION PERIOD

1 - FROM 16:30 TO

TRAFFIC SIGNALS SETTING IN SECONDS/

LINK

CYCLE

GREEN

ADVANCED OFFSET

16:45

Alternative
FOR SIMULATION PERIOD

1 -

ngn

FROM 16:30 TO

TRAFFIC SIGNALS SETTING IN SECONDS

16:45

LINK CYCLE  GREEN  ADVANCED OFFSET
NUMBER  LENGTH  PHASE GREEN NUMBER  LENGTH  PHASE GREEN
1 90 47 o 40 1 90 47 [ 40
2 90 52 0 41 2 90 52 0 41
3 90 63 ] 39 3 90 63 0 39
4 90 48 19 59 4 90 48 10 59
s 90 64 0 63 5 90 66 0 63
6 90 a8 0 52 6 90 43 0 52
TRAFFIC SPEEDS AND VOLUMES TRAFFIC SPEEDS AND VOLUMES
LINK SPEED VOLUME FROM OPPOS. MDBLCK TURNING LANE LINK SPEED VOLUME FROM OPPDS. MDBLCK TURNING
NUMB MPH  SIDE ST VPH VOLUME DEMAND PROBABILITY DISTRIBUTION NUMB MPH  SIDE ST VPH VOLUME DEMAND PROBABILITY DISTk;:EYIDN
LEFT RIGHT VPH VPH  LEFT RIGHT NE T™O LEFT RIGHT VPH VPH  LEFT RIGHT  ONE ™O
125, 148 0 1058 0o 0.0 0.37 0.5% 0.47 125, 148 0 1958 0 0.9 0.57 0.53 0.47
2 25. 0 200 926 0 0.0 0.0 0.65 0.35 2 25 0 200 926 0 0.0 0.0 0.65 0.35
3 25. 0 0 1041 o 0.0 0.50 0.63 0.37 3 2s. 0 [ 1061 0 0.0 0.50 0.63 0.37
4 25, o 108 992 o 0.0 0.0 0.77 0.23 6 25, 0 108 992 s 0.0 0.0 0.77 0.23
5 25. 0 0 931 ¢ 0.0 1.00 0.79 0.21 5 25. 0 0 931 0 0.0 1.00  0.79 0.2)
6 25, 0 165 1029 0 0.0 0.0 0.99 0.0 6§ 25, 0 165 1029 0 0.0 0.0 0.99 0.01
BUS PASSENGER DEMAND BUS PASSENGER DEMAND
BUS ROUTE 1 ROUTE 2 ROUTE 3 ROUTE 4  ROUTE BUS ROUTE 1 ROUTE 2 ROUTE 3 ROUTE 4 ROUTE
STP PL PU PL PU PL PU PL PU PL PU PL PV STP PL P PL PU PL PU PL PU PL PU PL PU
2 6 1 -1 0 -1 0 -1 4 16 3 9 2 6 0 121
4 2 0 3 2 0 4 0 7 10 3 8 0 8 1 13 2
6 8 2 6 1 4 0 8 1
8 6 1 3 0 2 0 5
10 6 2 5 0 6 1 8 1
BUS PASSENGER LOAD AND CAPACITY BUS PASSENGER LDAD AND CAPACITY
ROUTE  LOAD  CAPACITY ROUTE  LOAD  CAPACITY
1 20 65 1 20 65
2 26 65 2 26 65
3 24 65 3 2% 65
4 18 65 4 18 65
-0UTPUTS - ~QUTPUTS -
BUS STATISTICS BUS STATISTICS
BUS NUMBER : 1 2 3 4 5 3 7 BUS NUMBER : 1 2 3 4 5 6 7
ROUTE  NO. 4 3 1 2 3 1 4 ROUTE NO. ¢ [} 3 1 2 3 1 4
~LINK NUMBER 1 -LINK NUMBER 1
STOP LINE STOP LINE
ARRIVAL TIME 16:31 16:33  16:36 16:37 16:43  0: 0 0: 0 ARRIVAL TIME 16:31 16:33 16:36 16:37 16:43 0: 0 01 0
DEPARTURE TIME 16:31  16:33 16:36 16:37 . 16:43  0: 0 0: 0 DEPARTURE TIME 16:31 16:33 16:36 16:37 16:43 0: 0 0: 0
-LINK NUMBER 2 -LINK RUMBER 2
STOP LINE
BUS STOP ND. 1
ARRIVAL TIME 16132 16:33 16:36 16:37 16:44 0: 0 0: 0
ARRIVAL TIME 16:32 16:33 16:36 16:37 16:43 0: 0 0: 0 DEPARTURE TIME 16132 16:33 16:36 16:37 16:44 0: 0 0: O
PASS. LOADED 0 0 3 0 0 0 0
PASS. UNLOADED 0 0 0 0 0 ] 0
SERVICE TIME, SEC 0 0 6 0 0 0 0
DEPARTURE TIME 16:32 16:33 16:36 16:37 16:43 0: 0 0: 0
STOP LINE
ARRIVAL TIME 16132 16:33 16336 16:37 16:43 0: 0 0: 0
DEPARTURE TIME 16:32 16333 16:37 164:37 16:43  0: 0 0: O
~LINK NUMBER 3 -LINK NUMBER 3
TOP LINE
BUS STOP NO. 1 sTo
ARRIVAL TIME 16:32 16:33 16:36 16338 16:44 0: 0  0: 0
ARRIVAL TIME 16:32 16:33 16:37  16:37 16:44 0: 0 0: 0 DEPARTURE TIME 16:32 16:33 16336 16:33 16344 0: 0 g: 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 0: O
STOP LINE
ARRIVAL TIME 16:32 16133 16:37 16:37 163644 0t 0 0: 0
DEPARTURE TIME 16:32 16:33 16:37 16:37 16:44 0: 0 0: 0
Figure 82,

Comparison of Bus ltinerary and Bus and Route Summary Statistics for

1st Simulation Period
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Alternative "A" Alternative "B"
-LINK NUMBER ¢ ~LINK NUMBER 4
BUS STOP No. 1 BUS STOP NO.
ARRIVAL TIME 16:32 16:33 16:37 16:38 16:44 0: 0 0: 0 ARRIVAL TIME 16132 16:33 16:36 16: 16:4 : :
PASS. LOADED 0 1 3 3 4 0 0 PASS. LOADED i 1 5 T T B
PASS. UNLOADED ] 0 1 0 1 0 ] PASS. UNLOADED 4 0 1 1 1 0 0
SERVICE TIME, SEC 0 ¢ 16 10 12 0 o SERVICE TIME, SEC 3 12 9 16 37 0 0
DEPARTURE TIME 16:32 16733 16337 16:38 16346 0: 0 0: 0 DEPARTURE TIME 16532 16333 16:36 16:38 16:44 0: 0  0: 0
STOP LINE STOP LINE
ARRIVAL TIME 16:32 16133 16:37 16:38 16344 0: 0 0 D ARRIVAL TIME 16:32 16:33 16:37 16:38 16:45 0: 0 0: O
DEPARTURE TIME 16:32 16:33 16:37 16:38 16:44 0: 0 0: 0 DEPARTURE TIME 16333 16134 16:37 1639 16:45 0: 0  0: 0
-LINK NUMBER § ~LINK NUMBER 5
STOP LINE
BUS STOP KO. 1 ARRIVAL TIME 16:33  16:3¢  16:37 1639 03 0 0: 0 0: 8
ARRIVAL TIME 16:32 16:33 16:38 16:38 16:44 0: 0  0: 0 DEPARTURE TIME 16:33 16:34 16:37 16:39 0: 0 0: 0 0: 0
PASS. LOADED [ 1 1 2 1 0 0
PASS. UNLOADED 0 0 0 0 0 0 0
SERVICE TIME, SEC 8 10 7 9 10 0 1]
DEPARTURE TIME 16:32 16333 16:38 16:38 16:46 0: 0 0: 0
STOP LINE
ARRIVAL TIME 16:32  16:33 16:38 16:38 16:44 0: 0 0: 0
DEPARTURE TIME 16:32 16:33 16:38 16:38 16:44 0: 0 0: 0
-LINK NUMBER 6 -LINK NUMBER 6
BUS STOP NO. 1 ‘BUS STOP NO. 1
ARRIVAL TIME 16:32 16333 16:38 16:38 16:44 0: 0 0: 0 ARRIVAL TIME 16:33 16:34 16:37 16:39 ©0: 0 0: 0 0: 0
PASS. LDADED 0 2 2 4 3 0 0 PASS. LOADED 3 3 2 s 0 0 0
PASS. UNLOADED 0 0 1 ] 1 0 ] PASS. UNLOADED ] 1 i 0 ] o 0
SERVICE TIME, SEC 0 11 15 15 3 0 0 SERVICE TIME, SEC 11 9 7 17 0 0 0
DEPARTURE TIME 16:32 16333 16:38 16:38 16344 0: 0 0% 0 DEPARTURE TIME 16:33  16:34 16337 16:39 0: 0 0: 0 0: 0
STOP LINE STOP LINE
ARRIVAL TIME 16532 16333 16:38 16:38 16:64¢ 0: 0  0: 0 ARRIVAL TIME 16:33 16:34 16:38 16:39 0: 8  0: 0: 0
DEPARTURE TIME 16:32 16334 16:38 16:38 16:64 0: 0 0: 0 DEPARTURE TIME 16:33 16:34¢ 16:38 16:39 g: 0 0: 0 0: O
TOTAL P. LDADED 0 4 10 1 10 ] 0 TOTAL P. LOADED 4 4 7 19 8 0 0
TOTAL P. UNLOADED ] 0 2 0 2 o 0 TOTAL P. UNLOADED 0 1 2 1 1 0 0
TOTAL § TIME, SEC ] 27 47 43 35 ] 0 TOTAL § TIME, SEC 14 21 1% 33 37 ] 0
OVERALL SPEED MPH 15.0 15.0 8.4 13.0 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 1 2 3 4 ROUTE NUMBER ' 2 3 4
TOTAL P. LDADED 10 1" 14 ] TOTAL P. LOADED 7 10 12 4
TOTAL P. UNLOADED 2 v 2 J TOTAL P. UNLOADED 2 ' 2 o
TOTAL §. TIME, MIN 47 43 62 0 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 o 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 TIME, MIN 12.0 4.6 2.8 41.3
SUMMARY STATISTICS SUMMARY STATISTICS
TOTAL PASSENGERS LOADED = 35 TOTAL PASSENGERS UNLOADED = 4 TOTAL PASSENGERS LOADED = 33 TOTAL PASSENGERS UNLOADED = 5
TOTAL SERVICE TIME, MIN = 152 MEAN GVERALL BUS SPEED, MPH= 13.3 TOTAL SERVICE TIME, MIN = 121 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

Figure 82, Comparison of Bus |tinerary and Bus and Route Summary Statistics for
Ist Simulation Period (Continued)
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(Code 0) with capacity for 2 buses each were
coded for links 2, 3, 4, 5, and 6, For
Alternative B two protected bus stops (Code
1) with capacity of 3 buses each were coded
for 1inks 4 and 6.

Figure 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. Following this input data information
Is printed out for each bus simulated showing
it's route number, arrival and departure time
at each stop bar, as well as at each bus
stop. For each bus stop the passengers
loaded and unloaded and the service time Iis
shown,

Figure 82 also compares the route statistics

Evaluation of Results

The reports for each period provides a com-
parison of statistics. The most useful data
are the overal| average bus speed and passen-
ger waiting ftime, Table 20 provides a sum-
mary of the results 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 waliting time, However, as the
simulation continues Alternative A appears to
be more advantageous. For the entire peak
hour the total bus service time and the mean
passenger waiting time is lower for Alternate
A.

and summery statistics for the simulation From the bus operators standpoint Alternate A
per iod. would minimize 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 Overall 8.5 8.0 5.8 6.3 7.2 13.3 7.6 4,4 5.6 7.7
Bus Speed (MPH)
Passenger Wait- 328 220 384 204 1136 292 298 222 504 1316
Ing Time (Min)
Mean Passenger Wait- 9.9 2.8 6.4 3.5 4.9 8.3 4.2 2,8 14,0 6.0
ing Time (Min)

154




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 significant. 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,

Summary of Work Effort Required

The following summerizes the work effort
required for the example probiem,

Data Collection - Data was readily available
for the arterial geometrics, traffic volumes
and signal operations, as well as the number
of buses per hour by route. Data on passen-
ger demand was not available since no bus
stop existed, The data used were based upon
estimates by the author for illustrative pur-
poses only, Data were also not available on
bus passenger service time and it was neces-
sary to use the guidelines in the User's
Manual, In actual practice it would be
desirable to obtain data on local character-
istics If they were not available, and
considerable data collection effort may be
required.

Data Coding - Once the data were obtained (or
basic assumptions made) the coding was
straightforward. Some difficulty was
exper ienced .in obtaining an executable input
deck since the model has no edit checks or
error messages, however, this was resolved by
repeated runs. Approximately iwo (2) hours
were required 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 bytes of core storage.
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CHAPTER 9 - TRANSYT-7F (NETWORK OPTIMIZATION MODEL)

The efficlent 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 quality of the envi-
ronment and excess fuel consumption can be
reduced as well, Such efficiency can only be
achieved by interconnecting the signals and
operating them in such a manner that mini-
mizes the delay and stops in the system,
Numerous computer programs have been written
to assist engineers In determining how the
signals should be timed and several on-line
control programs are available as well,

One of the most widely used design models is
the TRAffic Network StudY Tool TRANSYT =
developed by Dennis Robertson of the Trans-

port and Road Research Laboratory in England
(References 9.1 thru 9.3). Since the origi-
nal model was Iintroduced 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 avallable from FHWA (See

Chapter 14), A later version (TRANSYT-8) is
avallable on a license basis (Reference 9.5)

MODEL DESCRIPTION

The TRANSYT model is a macroscopic, determin~
istic, time scan optimization model., It is
used for optimizing the signalization 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 will operate on an |BM
370,.COC 7700, VAX and Honeywell computers,

On the [BM 370 the core requirements for
TRANSYT=7F is 278k. The program contains
7650 |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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Urban Arterial Network
Congestion

Figure 83,

up to 250 directional linkss Only signalized
infersections are normally modeled, but
facilities exist for model ing sign control led

intersections and ‘“bottleneck" locations,
Signal confrol Is fixed-time, two to seven-
phase (including pedestrian movements) and

fixed sequential phasing, Stoplines may be
"shared" by several movements and priority
lanes may be designated for buses,

Signal timings are printed in a format that
is directly implemented in the field for pre-
timed control lers 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 fall into four functional categories,
namely, data which:

Are common to the entire network (e.ge.
cycle length,

- 18



TRANSYT-7F

* OPTIONAL CARDS

Figure 84,

Typical TRANSYT-7F Data Deck

b. Control the optimization process,
c. Specify signal timing, and
de Specify traffic data,

Input cards are numbered by card type and are
input with all node-specific data grouped by
intersection. Standard coding sheets are
available to assist the user in preparing in-
put cards. Some of the salient points about
TRANSYT=7F inputs are covered below (refer to
Table 21).

Run Title 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

number of steps in the cycle is an important
input because signal timing, flow and queue
var lations 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 parameter before being
added to the delay.

The effective green displacements are used to

calculate delays by wusing an ‘'effective
green" equal 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 for vehicles that use the yel iow),

The remaining inputs on this card are control
optionse The options available are summar-
ized as fol lows:

1. Initial timings:
generated.

user input or computer

English (gallons, feet
(liters, meters and

2. Units of measure:
and mph) or metric
km/hr) .

seconds or percent of

3. Timing units:

cycle,

speed or travel time.

4, Speed units:

var ious levels of outputs,

5. OQutput level:
Optimization 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 will be optimized
in the hill climb processs |If it is desired
to group nodes so that they are opiimized
together (e.g. their Telative offset and
splits remain fixed, but their offset in the
system is allowed to vary), a negative sign
Is placed before the secondary node number to
Indicate grouping with the next positive
numbered node, which 1is the primery node.
Any nodes that are not to be optimized are
left off this [ist, As many cards as
necessary are used to number all nodes.
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Table 21 ~ Input Requirements for TRANSYT=7F

CARD TYPE CARD NAME PURPOSE DATA REQUIREMENTS
NETWORK CONTROL TITLE Provide title for run Arbitrary Information
(1 each per run) CONTROL CARD | Define network-wide para- Cycle length, no, of steps
meters and input-output per cycle, stop penalty,
options, simulation period, start-up
lost time, end effective
green time, output require-
ments, 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. Iike them optimized.

HiLL=CL IMB Define the step sizes for The number and size of each

CONTROL the optimization hill- increment to be used in

(Optional) climbing process. process (default values can

be used).

STOPS REDUCT ION

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 limit affect of a node | profile at node which down-
(Optional) on the downstream node, stream node should be re-

calculated (default values
can be used),
SHARED Define links which have Link numbers of links which
STOPLINE different types of turning | share the same stopline,
(Optional) movements or vehicles

(buses normally) that have
different operating char=-
acteristics for which MOE's
are desired separately.

NETWORK MASTER

Define other network-wide
parameters.,

Node number to reference all
offsets, saturation flow
rate and platoon dispersion
factor to be used for all
links,

NODE SPECIFIC CONTROLLER Define control ler offset Number of phases and length
DATA T IMING and interval lengths at of each interval (max., 11)
(1 set per node) (1 per each intersection, offset or yield point can
control ler) be coded if existing; code
can also indicate double
cycling.
CONTROLLER Define additional controller] Duration of intervals 12-25.
TIMING intervals,
CONT INUAT ION
(Optional)
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Table 21 - Input Requirements for TRANSYT-7F

(Continued)

CARD TYPE

CARD NAME

PURPOSE

DATA REQU IREMENTS

PHASE TIMING
(1 per phase)

Define intervals for each
phase and links which move
on green,

Interval which starts green
for this phase, variable in-
terval, yellow interval, all
red interval, min, @ dura-
tion and links (max, 8)
which move on this phase,

(P1).

NODE SPECIFiC PHASE TIMING | Define additional links in ] Additional links which move
DATA CONT INUATION | phase, on green,
(Continued) (Optional)
LINC DATA Identity |ink geometric and | Length, number lanes (or
(1 per link) traffic fiow. saturation flow), traffic
volumes, turning traffic
from 3 1inks and speeds.,
LINK DATA ldentify additional link Additional lost time/or
CONTINUATION | characteristics. clearance utilization on
(Optional) link and/or traffic from a
4th link,
MODIFIER CARDS FLOW/SPEED To permit modifications to | Percent of flow rate and/or
(optional) MULTIPLIER link fraffic volumes and/or | speeds are to be changed
(Optional) speeds, from original, by link,.
DELAY WEIGHT | To provide factors which Link number and factor to be
MODIFIER multiply the effect of applied.
(Optional) delay in performance index

STOP PENALTY

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 persion factor for specific| for platoon dispersion,
MOD | FIER I inks.
(Optional)
PLOT AND RUN FLOW PROFILE | To identify links which Link number and placement on
CARDS PLOT fiow profile plots are to output,.
(Optional) be output.
RUN CARD To instruct program as to Simulation or optimization
(Required) what type of run to execute, run and type,
TIME SPACE Jo provide Instructions for | Number of nodes, time (or #)
PARAMETER time-space plots, and distance axls scales,
(Optional)
TIME SPACE Provide title for time- Arbifrary Information,
TITLE space plot,
(Optional)
TIME SPACE To identify links to be Link numbers in order to be
LINKS printed on plot, plotted.
(Optional)
TERMINATION To mark end of a run, Indicate if end of this run
(Required) and If an additional run

fol lows,
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Hill~Climb Control (Type 4, Optional)

This card controls the size of the Increments
made to the signal +imings by the "hill-
climb" process, Variations of the values on
this card can be used to trade off run time
for sufficiency of the optimization process,
which 1in large networks may be desirable,
Defaults are available for this card,

Stops per Delay (Type 5, Optional)

This card allows more realistic estimates of
stops vs. delay. TRANSYT normally assigns
one stop per delay, no matter 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 Parameters (Type 6, Optional)

This card controls the accuracy of the simu-
lation process at each hill-climb optimiza-
tion step. If the change Iin 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 links 1is terminated. This feature
permits significant reductions in computer
run time compared to prior versions, Large
sensitivity parameters (e.g. 10%) are nor-
mally used initially, then the parameters
decrease to 0.01% as the optimal solution is
approached, Defaults are also available for
these parameters,

Shared Stopline Links (Type 7, Optional)

If two or more links share a stopline (l,e.,
use the same roadway at the stopline) they
can be "grouped" using this card, Shared
stopline links will move on the same phases
and have a common saturation flow. The |inks
are reported separately in the outputs,
however,

Network Master Card (Type 10)
The network master card is required, although

all data fields are optional (l.e., this card
signals the use of TRANSYT=7F inputs rather
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than the ear|ier TRANSYT-7 inputs, The data
fields include the designation of a master
control ler and several systemwide traffic
flow model parameters., if a master con-
troller is identified, all offsets wil! be
referenced to this controller, otherwise the
system time reference base is arbitrary, The
traffic flow parameters are saturation flow

per lane, a parameter to calibrate the pla-
toon dispersion model and the approach speed
on external |inks, All parameters have

defaults available.
Controller Timing Card (Type 1X)

This card provides the node number, control-
ler offset or yield point value, yield point
~eference Interval number and all Interval
lengths, The value "X" Indicates the number
of phases at the node, with a maximum of
seven, Up to 25 intervals may be used, but
if there are more than 11 intervals, a con-
tinuation 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 Iinterval lengths
(e.g., clearances, minimum walk, 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
permitted,

A Card Type 1X must be provided for each node
and Card Types 2X through 29 must follow
immediately for each intersection (see Figure
84),

Phase Timing Card (Type 2X)

The phase timing cards establish the specific
phase sequence and identifies the Iintervals
In each phase, In this case the "X" refers
to the phase number and there must be as many
Card Types 2X as the number of phases speci-
fied on the preceeding Card Type 1X.

For each phase (i.e., each Card Type 2X for
the current node) the Iinterval 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 (if used) are identified by numbers,
These data define +the phases and phase
splits.

The phase sequence is specified by |isting
each |link having the right-of-way in each
phase. Overlap phasing is indicated by list-

ing the appropriate links(s) in more than one

phase, If a link has 100% green, it Is
linked on all Card Types 2X, If in the
unlikely event that more than eight |inks
move in a phase, a continuation card |is

available,

Link Data Cards (Types 28, 29)

For each link listed on the Card Types 2X for
the current node, a link data card (Type 28)

and, if needed a continuation (Type 29) are
required, The link specific data Include
link length, stopline saturation flow rate

(or equivalent number of lanes), total flow
(vph), mid=block source flow and the upstream
input link data. For these upstream source
links, the link numbers, input flows and free
speed (or tfravel time) are coded. Card Type
28 allows for three input links, If a fourth
link 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 fraffic, The
traffic entering the link from each upstream
link is directly obtained from intersection
Turning movements, However, when two or more
links are used (i.e., one link for left turns
from exclusive lane and one |ink for thru and
right turns) the determination of the input
volumes are more involved,. It is now
necessary to code the number of vehicles from
each turning movement at the upstream
intersection which uses each of these |inks,
Since this data is difficult fo 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
voiumes.
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Card Type 29 also serves a second purpose,
It enables the user to code additional delay
at the start of effective green (or, if 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) fiow, thus data may be col lected on
different days and not require manual balanc-
ing.

I1f a link is a bus link, the speed input is
coded in such a way that both bus cruise
speed and bus stop dweil time are included,
Thus the non-signal delay to buses may be
modeled.

Flow/Speed Scaling (Type 36, Optional)

These cards allow flows and/or speeds on a
link 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 Weight Modifier Card (Type 37,
Optional)

This card enables the user to prioritize in-
dividual links by assigning a higher relative
weight to the delay on these selected !inks,
Conversely, the weighting factor may be used.

to decrease or eliminate given links from
consideration in the optimization., |f a zero
weight is coded, the affected link will also

be eliminated from the fuel consumption esti-
mate,

Stop Penalty Modifier Card (Type 38,
Optional)

This card is simitar to the previous one,
except that it is for sfops.

Platoon Dispersion Modifier Card (Type 39,
Optional)

The roadway characteristics may suggest a
different platoon dispersion factor (see
below) be used than the system value (coded
in Card Type 10, or the program default), If
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so, the factor may be changed using this card
to list all such links and new values of the
dispersion coefficient,

Flow Profila Plot Card (Type 40, Optional)

This control card is used to specify the or-
der of links for plotting composite arrival/
departure profiles plotted. Four graphs are
plotted per page and they may be arranged to
follow 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 size listed on Card Type 4 (or simu-
late), Card Type 51 indicates simulation
onlys Card Types 52 and 53 Indicate optimi-
zation with a normal hill=climb l|ist and a
"quick" list, respectively (see below).

Time-Space Parameter 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 scaling
parameters for the plot, A Card Type 60 must

be first in each group of Card Types 60-61
for each separate plot.

Time-Space Diagram Title Card (Optional)

This card is similar to the run title card,
except this card provides the title for the
current plot,

Time~-Space Link List Card (Type 61,
Optlional)

For each tfime-space diagram, the |Iist of
links for both directions must be provided in
pairs. This is necessary since the user may
select routes in any convenient fashion,
One-way streets may be piotted by leaving the
second field in each pair blank,.

Termination Card (Type 90,91)

This card signals the end of the data for the
current run, [f "90" is used, the job termi-
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nates, |If the card is numbered "91," another
complete data deck will be processed.

OPERAT {ONAL SUMMARY

TRANSYT-7F is a macroscopic, deterministic
optimization model with independent time
scan, |t has a moderately structured organi-

zation with a master program which calls
other subroutines as the analysis progress-
©Se

Input cards are read and checked for apparent
accuracy and if errors are detected the er-
roneous card is printed out with the detected

error underlined, and a message is printed.
TRANSYT-7F may calculate Initial splits if
these were not supplied by the user, Thus
after satisfactorily reading the input data
and, if necessary, computing the Initial
splits, the program execution begins, The

execution of TRANSYT-7F is controlled by the
optimization model.

Hill=climbing is accomplished by varying of f-
sets and splits in small, medium or Ilarge
steps and calculating the resulting traffic
effects, To accomplish the latter, it is
necessary to determine the behavior of traf-
fic within a link, These are based on the
manipulation of the fol lowing:

a. The "IN" pattern is the periodic flow
rate of traffic that arrives at the
stopline (downstream) if the traffic
was not empeded by the signal.,

b. The "OUT" pattern is the periodic
traffic flow rate leaving a |ink.

c. The "GO" pattern is the periodic traf-
fic fiow rate that |leaves the stopline
It there was enocugh 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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The inflows of one link are obtained from the
outflows of the upstream link(s), These flow
characteristics are computed for each |ink
for each iteration and the delays are calcu-
lated, as discussed in the next section,

With this background, the full process may
now be described, The first step is +to
calculate the performance index (Pl) for 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
until a minimum Pl is reached, If the first
alteration increased the P!, the search was
made in the opposite "direction"

Each signal is adjusted in a similar manner
in the order specified on Card Type 2 until
the network minimum Pi Is reached, This
process is repeated for each hili-climb value

on Card Type 4 (or in the default Ilist).
This is offset optimization,
TRANSYT-7F also optimizes splits, I+ does

this by altering the start of each phase and
recalculating the Pl as before,

It Is obvious that the length of a run will
be largely dependent on how many Iiterations
of the model are required. Another factor is
that if the number of steps used to alter the

particular timing is too small, the solution
may be "trapped" into a local optimum which
is not global, To compensate for these con-
cerns the recommended step sizes to locate "a
good" optimum are given in Table 22, along
with the type of optimizations which will
occur at each step,. These are generated
internal ly by TRANSYT-7F, but other tists may
be input on Card Type 4.

If a M"quick optimization" is desired, the
user may specify a hill-climb sequence which
may not result in the "best" Pl, but will be

reasonably good, Such a sequence ls 15, 40,
15, 1, =1, 1. Another option allows optimi-
zation to include only those links directly
connected to the present link, rather than
the entire network. This 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 normal method.

Table 22 - Optimization Sequence

TO OPTIMIZE FOR TOTAL
QFFSETS ONLY OPTIMIZATION
b4 b4
STAGE CYCLE OPTIMIZATION CYCLE OPTIMIZATION
1 15 Offsets 15 Offsets
2 40 Of fsets* 40 Of fsets*
3 15 Of fsets -1 Splits
4 40 Of fsets* 15 Offsets
5 15 Of fsets 40 Of fsets*
6 i Offsets 1 Offsets
(fine tune) (fine tune)
7 1 Of fsets -1 Splits
(fine tune) (fine tune)
8 1 Of fsets

(fine tune)

*Starred steps insure that the optimization

is not trapped in a tocal optimum. (Source
9.2.)
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COMPUTAT |ONAL ALGORITHMS

The major algorithms 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 = ? lew)idl + kW(S)isi] (9.1)
where d; = delay on the ™ link of
network (veh~hr/hr),
$; = average number of stops per sec-
ond on link i,
k = the weighting factor for stops

entered on Card Type 1, and
W = weighting factors for delay (D)
and stops (S) for link I,

This objective function is minimized by an
iterative search procedure where the signal
timings are changed and the resulting flow
and fravel characteristics are recalculated.

The link patterns discussed in a previous

section are found as follows, for the ith
link at time step t:

where F;; = the smoothing process from
link j to 1 (see below);

PU = the proportion of ouT
which feeds link i, and

OUTJ-1. = the OUT pattern of Ilink

J+ at time t,

The number of vehicles (my) held at the
stopline during time interval t is found by:

my = max[(m,__l + g4 = s4) or (O} (9.3)

where q4+ = the number of vehicles arriving
in interval t, given by the IN
pattern, and
s+ = the number of vehicles allowed
to leave In interval t, given by
the out pattern,

The number of vehiclies leaving in interval t
is my_ + q+ - m and these flgures
are used] to derive the OUT pattern.

The average delay is calculated in two parts
which are added fogether, The first is the
average queue length over the cycle (times
the cycle length) and the second Is the delay
due to random variations of arrivals and
saturation, The second component for each
link is found by,

B 2 x2 12 g (9.4)

where d.. = random and saturation delay;

Bp = 2(1=X) = ZX;

By = 4Z ~ 22;

Z = (2x/v * 60/T;

X = degree of saturation;

V = volume on the link; and
T = simulation time,

Since TRANSYT-7f assumes that traffic dis-
perses as it travels downstream, the smooth-
ing function (F) used In equation (9.2) s
used to more realistically represent this
dispersion of vehicles, F Is calculated by,

F = T+oBF (9.5)
where & = smoothing parame ter (usual ly
assumed to be 0,35 but it may be

var ied), and

B = a coefficient which "shifts" the
effective travel time (set to 0.8),
and

t = link travel time,

Is simply equal to the
Since some de~

The number of stops
number of vehicles delayed,
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INPUT B ATA REPORT FOR RUN

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- OPT 112 SEC CYCLE PM PEAK

CONTROL FLAGS
CARD CARD CYCLE STEPS STOP PERIOD LOS GREEN INITIAL SPEED/ OUTPUT ENGLISHs SEC/ FLOW
NO. TYPE LENGTH PER CYC. PENALTY LENGTH TIM EXTEN TIMINGS T¥-TIME LEVEL METRIC PERCENT SCALE
1 1 112 56 25 60 2 3 1 0 2 0 0 0 0 0 0
444 102 +++ WARNING ¢ XNIYIAI. TIMINGS HAVE BEEN REQUESTED IN FIELD
RANSYT-7F WILL IGNOR ANV 0FFSE1 ARD VARIABI.E INTERVAL VALUES
CBDED ON CARD TYi
AN OPTIMIZATION IUN lS EXPEC'IED
CARD CARD LIST OF NODES VYO BE OPTIMIZED
NO. TYPE
2 2 1 2 3 4 5 6 7 3 [ 0 0 0 0 0 []
SYSTEM MASTER DATA
CARD CARD MASTER SYSTEM SYSTEM EXTERNAL FUEL
NO. TYPE NODE SATFLOW PDF SPEED FACTOR
3 "0 1 [ [] 0 0 0 0 L] L] e 0 0 [ ] [
—--= PROGRAM NOTE --- INPUT UNITS WERE SPECIFIED AS FOLLOWS:
SPEED/TRAVEL TIME IN SPEED
ENGLISH/METRIC UNITS IN ENGLISH
TIMING UNITS IN SECONDS
INTERSECTION 1
CONTROLLER TIMING DATA
CARD CARD NODE OFFSETY INTERVAL DURATIONS (SECS., OR PERCENT) ... vvunuinireenonnoneonnoraneruonnnetseeransnsns DOUBLE
NO. TYPE NO. OFFSET REF INT INTH INT2 INT3 INTSG INTS INTS INT? INTS INTS INTtO INT11  CYCLE
= } 12 1 [ 1 5 6 4 3 8 4 0 0 0 [ 0 0
PHASE TIMING DATA
CARD CARD NODE START VARIAB. YELLOW ALL-RED MINIM. CONT.
NO. TYPE NO INT INT INT INT SECS. LINKS MOVING IN THIS PHASE ..........ivniiiiiiniranncanenns FLAG
5 21 1 ) 1] 3 [ 15 104 103 0 0 0 0 0 0 [
[} 22 1 4 4 6 ] 20 104 103 0 0 9 0 [ 0 0
DATA
CARD CARD LINK LINK SAT TOTAL MID-BLK. FIRSY lNPUT LINK. SECOND INPUT LINK. THIRD INPUT LINK....
NO. TYPE NO. LENGTH FLOW voL. voL. . SPD/Y NO. . SPD/1T NO. voL. SPD/TT
7 28 101 ° 3270 572 [ 0 [ 0 0 0 0 0 0 [ 0
8 28 104 313 1640 436 0 208 21 25 203 305 25 21 110 25 0
9 28 103 313 3270 484 0 21t 121 25 203 339 25 208 24 25 0
v === PROGRAM NOTE --- TRANSYT-7F NOW BEGINS FINAL PROCESSING AFTER ALL INTERSECTIONS HAVE BEEN INPUT.
GRAPH PLOT CARDS
CARD CARD LINK LINK LINK LINK LINK LINK LINK LINK
NO. TYPE NO. NO. NO. NO. NO NO. NO. NO
74 40 101 104 201 203 301 303 401 403 L] 4 [ 0 0 [ [}
75 40 501t 503 601 603 701 703 801 303 0 [} [] 0 0 o 0
CARD CARD RUN  CARD
NO. TYPE
76 52 ° L] L] 0 L} [} L] 0 0 L] 0 0 0 Q L]
~~= PROGRAM MOTE --~ A CARD TYPE 52 CAUSES RUN TO BE OPTIMIZED USING THE DEFAULT NORMAL OPTIMIZATION STEP SIZES.
IF CARD TYPE 4 WAS INPUT, IT IS IGNORED.
=-- PROGRAM NOTE --- THERE ARE A TOTAL OF 8 NODES AND 42 LINKS (INCLUDING BOTTLENECKS, IF ANY) IN THIS RUN.
“--- PROGRAM NOTE --- THERE WERE A TOTAL OF 1 WARNING MESSAGES ISSUED IN THE ABOVE REPORT.
ASHLEY DRIVE ARTERIAL ANALYSIS =~ TRANSYT-7F- OPT 112 SEC CYCLE PM PEAK 142 SECOND CYCLE 56 STEPS
~== PROGRAM NOTE --- THIS IS THE INPUT DATA REPORY FOR TIME-SPACE DIAGRAM NO. 1
TIME-SPACE DIAGRAM DATA
CARD CARD NO . TIME TIME DIST.
NO. TYPE NODES FLAG SCALE SCALE
77 (1) 8 0 [] 67 ] [] 0 0 0 0 L] L} [} 0 []
PLOT TITLE CARD
CARD
NO. TITLE
78 ASHLEY DRIVE - OPTIMUM CYCLE
PLOT LINK STREAM CARD
CARD CARD LINK PAIRS ALTERNATING IY DIREC"ON
NO. TYPE DOWMN AND uP DOWN AND DOWN AND UP DOWN AND UP DOWN AND UP DOWN AND UP DOWN AND UP
7 (2] 104 106 201 203 301 303 401 403 501 503 601 603 701 703 [}
£ 1] (3 801 803 L] L] L] L} L] 0 0 [} [} [ 9 0 °
TERMINATION CARD
CARD CARD
HO. TYPE
8 t1] 0 L] [ [ [] L] [} 0 9 0 0 L] [] L 0
~== PROGRAM NOTE --- END OF JOB!
Figure 86, Typical TRANSYT-7F Input Data Report
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lays may only be slow downs and not full
stops, the «calculation of stops may be
adjusted by entering the appropriate

The recommended
in England are as

parameters on Card Type 5.
values found to be valid
fol lows:

Seconds of

Delay: 1 2 3 4 5 6 7 8 910 >10

% of
Stops: 20 50 65 76 83 88 93 95 97 99 100

OUTPUT REPORTS

There are five basic outputs available from a

Input Data Report

The input data are echoed in essentially tThe
same format they were input, with column
headings to Identify each data item, An
example is shown in Figure 86.

Traffic Performance Tables

Traffic performance estimtes ae produced

for each set of timings, normally initial
and/or final. An example of the final per=-
formance table is shown in Figure 87. The
injtial has the Identical format, but s

labeled "initial®,

Below the TtTitle,
along with several
(MOE) and green periods (in

the link data are given,
measures of effectiveness
seconds) . The

successful TRANSYT-7F run (l.e., no errors link MOE's are subtotaled by node to enable
detected). rapid identification of critical intersec-
ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- OPT 112 SEC CYCLE PM PEAK 112 SECOND CYCLE 56 STEPS
FINAL SETTINGS OBTAINED WITH STEP SIZES 3 22 -1 8 22 1 - 1
NODE LINK FLOW SAY DEGREE TOTAL TOTAL UNIFORM ANDOM TOTAL UNIFORM MAX BACK FUEL GREEN PERIOD LINK
NO NO W OF SAT TRAVEL TIME A DELAY DELAY STOPS OF QUEUE CONSUM START LENGTH NO
(VEH/H} (VEH/H) (X) (VEH-MI/H) (VEH-H/H) (VEH-H/H) (VEH-H/H) (VEH-H/H) (VEH/H;X) (VEH) (GAL/H) (SEC) {SEC)
1 10t 572 32748 3 6.0 2.746 2.697 0.049 2.746 327.5¢ 57%X) 10 3.73 102 56 101!
1 103 484 327¢ 15 28.57 1.121 0.0 0.0 0.0 00 0%) [ 1.39 [ 112 103
1 104 436 1640 58 25.74 2.523 1.309 0.204 1.513 234.9¢ 54X%) 8 3.23 (2] 50 104
13 1492 MAX = 58 54.31 6.391 4.006 0.253 4.259 562.4C 38%) 10(M 8.35 NODE PI = 8.2
2 201 496 4860 24 26.8t 3.567 2.495 0.020 2.514 399.3¢C 81X) 13 4.63 26 46 201
2 203 644 3270 47 34.81 4.329 2.859 8.1064 2.963 318.5C 49%) 10 4.79 26 46 203
2 206 516 2950 85 0.0 7.190 6.008 1.181 7.19¢ €76.7¢ 92%) 15 6.89 [ 22 206
2 207 58¢ 3270 61 0.0 5.600 5.367 9.233 5.600 478.4C 82%X) 15 6.18 76 32 207
2 208 45 1440 1 0.0 0.355 0.352 0.003 0.355 31.64C 70%) 1 0.40 76 32 208
2 210 423 1640 45 22.87 1.777 0.787 0.092 0.879 107.7C 25%) 3 2.10 0 72 210
2 21 23 1640 27 0.0 0.927 0.903 0.026 0.927 118.6( S51%) 4 1.32 76 58 211
2 212 276 1440 65 0.0 2.877 2.577 6.300 2.877 229.7¢ 83%) 7 3.05 76 32 212
23 3215 MAX = 85 84.49 26.622 21.348 1.957 23.305 2160.3C 67%) 15(M) 29.36 NODE PI = 38.3
3 30¢ 1428 4860 45 78.97 4.956 2.111 0.092 2.203 381.3( 27Xy 14 7.25 2 72 301
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(100%) 3 1.62 104 6 304
3 305 165 3270 25 0.0 1.692 1.672 0.020 1.692 132.9¢ 81%) 4 1.78 78 22 305
3 306 211 1640 63 0.0 2.588 2.327 6.260 2.588 186.6( 37%) [} 2.58 78 22 3906
3 310 383 1640 32 23.32 1.057 0.105 0.036 0.162 19.7¢ 5%) 1 1.31 104 82 310
31 2862 MAX = 63 143.60 13.914 8.014 0.619 8.633 840.8( 29%) 14(M) 16.50 NODE PI = 14.5
7 709 1382 3270 67 91.03 5.992 2.086 0.333 2.419 320.8( 23%) 12 7.29 10 70 7010
7 702 230 1640 22 15.15 6.883 0.273 0.016 0.2388 39.1¢ 17%) 1 1.08 1o 70 702
7 703 931 5100 29 50.91 2.259 0.232 0.029 0.261 35.3C &%) 1 2.79 19 70 703
7 708 407 4430 29 0.0 3.243 3.213 6.031 3.243 291.6( 72%) 9 3.69 84 34 708
7 706 229 1640 45 0.0 1.997 1.907 0.099 1.997 174.2(¢ 76%) 6 2.23 34 34 706
7 709 226 1640 22 14.89 0.757 0.157 0.015 0.172 16.7¢ 7%) 1 0.89 10 70 709
7 3405 MAX = 67 171.97 15. 134 7.868 0.513 8.381 877.5¢ 26%) 12(M) 17.97 NODE PI = 4.5
8 80! 1578 3270 67 35.31 5.038 1.356 0.334 1.690 225.0( 14X} 7 6.15 4 80 801
8 802 263 1640 72 14.22 3.342 2.303 0.451 2.754 231.3(¢ 88%) 7 3.21 60 24 802
8 803 1029 5100 43 0.0 5.461 5.382 0.079 5.461 6372.1¢ 62%) 29 7.32 4 52 803
8 807 295 1800 73 0.0 3.713%7 3.238 0.499 3.737 262.7(¢ 89%) 8 3.69 28 24 807
8 808 36 1640 10 0.0 0.341 0.338 0.003 0.341 27.4¢C 75%) 1 0.36 .13 24 808
8 812 259 1640 kAl 9.0 3.243 2.821 0.622 3.2643 227.8(¢ 88%) 7 3.20 a3 24 812
8: 3460 MAX = 73 99.52 21.132 15.438 1.788 17.226 1611.4C 47%) 21(M) 23.94 NODE PI = 28.4
TJOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
DISTANCE TRAVEL UNIFORM RANDOM DELAY UNIFORM FUEL PERFORMANCE SPEED
TRAVELED TIME DELAY DELAY STOPS CONSUM INDEX
(VEH-MI/H) (VEH-H/H) (VEH-H/H) (VEH-H/H} (VEH-H/H) (VEH/H) (GAL/H) (MI/ZH)
970.97 115.506 71.52% 6.216 77.741 7681.8 133.81 131.09 3.4
Figure 87. Typical TRANSYT-7F Traffic Performance Table
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tions. Starred (*) links are bus links., The
"system" MOE's are shown at the bottom of the
table.

Flow Profile Plots (Optional)

Figure 88 shows a typical
for a link that entfers an
is double cycled (i.e., the controller com
pletes two identical cycles in the time
alloted for one system cycle), The flow
patterns use symbols to enable the user to
"See"

flow pattern plot
intersection which

what s happening over the signal
cycle. The following symbols are used:
a., Flow that queues at the stopline,
normally on red (1).
b. Flow leaving the stopline 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 arrivals and when
below the (S), indicates those vehiclies which

join the back of the queue when the
appear without the "S's" above them,
are undelayed arrivals/departures,

llo 1 S"
these

The flows are overlayed so the distortion
caused by red/green periods are easily ob-
served, The horizontal scale is always con-
stant and equal to the cycie length in steps.
The vertical scale is always flow rate, but
the scale depends on the maximum flow. The
saturation flow always extends to the top of
the respective plot (i.e., 24 lines).

These plots are intended to be used to verify
field conditions by merely observing whether
the intersection approaches actually perform
as predicted,

The Mean Modules of Error (MME) printed with
The graph is a measure of how much the pro-
file of the arrival flow deviates from the
mean value, It is an Index from 0 to 1. If
the inflow as exactly uniform the MME would
equal zero, while a high MME wouid indicate a
link on which the flow is strongly platooned
and would particularly benefit from progres-
sion. The MME (in Figure 89/0.62) indicates
a moderately high potential for progression,

LINK 103 MAX PLOW 3400 VEW/H MeMoEa 0.62
$SsS ] > SSSSS
$SSS Saturation Flow $35SS5sS
ssss SSSSS
$S55S
$55S $SsSSs
$55S $53S5 .
gggg $S3SS AY’Y‘1VE1S and
) $55SS
S5SS Arrivals ssSss gﬁg:;tures on
$Sss on Red S$SS$sSsSS
$SSS $3555000000
SSSS $550aCCo0000
_ S$SSS $30600806G0G00a
Arrivals ssss_ ! ggooooooooaunco
. 000Co00c0a0ao 1
on Red sssss Arrivals and i1  ,l9900000000000001 T
0000C00a0800C 1 11T
SSSSS Oepartures on III1]1000000000C0CA00IT T
1 S$55SS Green 111111100088CC0000A000IIITITE
111t SSSSS IT11I1110C000C0C0000A00IIILTT
IT1I11L1L10SSSS 111111100000000G00CAC0TIIII1L
I1111112I0C00C000a 1I1111100009G0000QC000I11111
L1I111111000000000000000 I1111111000C00COC000000ITLTIT
11I1£11111000000CCCO0C000LE [T 1IIII1I000000000C00GA0IITITIT
_‘ i N e
] first Green ! Red I Second Green ! Red

Figure 88,
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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
control lers, these timings may be readily im-
plemented in the field with no further manual
manipulation, so long as the offsets do not

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- OPT t12 SEC CYCLE PM PEAK

TRANSYT~7F SIGNAL CONTROLLER SETTINGS

NETWORK-WIDE SIGNAL TIMING DATA

SYSTEM CYCLE LENGTH = 112 SECONDS

MASTER OFFSEY REFERENCE LOCATION = INTERSECTIGN NO.
ALL OFFSETS ARE REFERENCED TO THE START OF INTERVAL NO.

INTERSECTION CONTROLLER SETTINGS

INTERSECTION NUMBER 1

INTERVAL NUMBER: 1 2 3 4 5 6
LENGTH (SEC): 48 6 4 42 8 4
LENGTH (%): 43 5 4 37 7 4
PIN SETTINGS (%): 10070 43 48 52 89 96
PHASE START (PH #): 1 2
VARIABLE INT.(PH #): 1 2

OFFSET = 0 SEC. 0 x.

THIS 1S THE MASTER CONTROLLER.

TRANSYT-7F

fall within a clearance (or on another pin in
the case of electro-mechanical controllers),
Warnings are issued in the event of either of
these conflicts,

Time-Space Diagrams
TRANSYT=7F will print a time-space diagram

for any selected route of up to 50 nodes.
The route need not be linear, and many plots

112 SECOND CYCLE 56 STEPS

1
t AT THIS SIGNAL.

+4+ 137 +++ WARNING + THE OFFSET FALLS WITHIN 1% OF AN INTERVAL CHANGE POINT AT THE START OF INTERVAL NO.

Fligure 89,
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may be

printeds The symbols of the diagram

shown on Figure 90 are as fol lows:

ADD ITIONAL FEATURES

a, "+" green in the direction of increas- TRANSYT=7F has a number of options, most of
ing distance from the origin (down the which are handled by control cards as dis-
page). cussed in an earlier section, |t has already

been noted that buses can be modeled separ-

b. "-" green in the direction of decreas- ately by including bus links, These can
ing distance (up the page). either be separate lanes or shared lanes. In

addition, pedestrians can be modeled by

c. "blank™ green on the route in both treating them as ‘"vehicles" on separate
directions, links, Care must be taken to Iinsure that

pedestr ians do not Interchange with vehicles

de "*¥ red on the route,. in the flow patterns, Pedestr ian links
should have zero stop penalty and delay

Although through bands are not explicitly weights if it is desired to exclude them from

the Pl and fuel calculations.

plotted, the scaling allows convenient use of
such tools as triangles and protractors to
plot the bands. A speed protractor is avail-
able in the TRANSYT-7F User's Manual (Refer-
ence 9.4),

TRANSYT-7F can be used to design
works by subdividing the networks
tions that can

TRANSYT-T7F TIME-SPACE DIAGRAM ROUTINE

larger net-
into sec-
be handled by the present

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F-~ OPT 112 SEC CYCLE PM PEAX 112 SECOND CYCLE 56 STEPS
PLOT TITLE: ASHLEY DRIVE - OPTIMUM CYCLE
TIME AXIS IS IN:SEC TIME SCALE = 3 SEC/CHAR, DIST. SCALE = 67 FT/LINE
NODE 12345678901234567890123456789012345678901234567890123456789012345678901236456789012345678901234567890123456789¢0 DISTANCE
L R X B e LR R S R S m T S T Ty 0 FT
| |
I i
2| OO0 K MK R 3626263 36 336 X 636 3 36 236 3 36 3¢ 2 2 X 3696 3 3 2 2 23 3 23 3 2 230K M6 % HRANMNNK 286 FT
|
% |
3 |x--- 332 36 36 3K K~ == EEEIT T TS S HUXHNXANR 577 FT
|
| |
G | wxwnn 362636 2 96 2 236 36 26 36 36 36 2 3 e 26363 3 336 2 362 2 I K 22 % K HNHKRKMNNNM® 869 FT
|
| :
| |
5 |-=-—=  mmmee——eee mmmeeme e 1161 FT
l I
6 OOEX+E4 4 HHMHHNNNUHS 44+ HHHHKNHHKRR++++ *x¥¥x 1398 FT
| |
| |
| |
T | sexxexnxnn 363626 3 36 3 3 36 26 2 X 3 22936 3 32K 3k ) K HHNNNX 1746 FT
‘ |
8 |o0ex SRR OO0 M N NK FHEFEEEEE ORI HH HHEEEEEEEERRRR 2030 FT
NODE 12345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890 DISTANCE

SCALE CONVERSIONS: +++ THRU IN DOWN DIRECTIGON

TIME/INCH = ITIMSC % 16 (AT 10 CHAR/INCH) THRYU IN BOTH DIRECTIONS

DIST/INCH = IDISSC % & (AT 6 LINES/INCH) --- THRU IN UP DIRECTION
xx%% RED IN BOTH DIRECTIONS

Figure 90.

TRANSYT-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 will
always share one or more nodes whose timings
will be optimized in one section then remain
fixed in the subsequent section,

Additionally, bottlenecks and unsignalized
intersections can be considered, At
intersections governed by a fixed priority
rule (e«ge. stop sign on cross=street) the
main route traffic incurs no delay, The
inflow from the side road is glven a "GO"
pattern proportionate to its actual capacity
which 1is a function of the min street
traffic.

While TRANSYT-7F is the most current version
of TRANSYT readily available in the U.S.,
TRRI has also written version 8 which im-
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 signali-
zation of coordinated networks, TRANSYT-7F
can analyze existing (or any preset) condi-
tions by simply inputting Card Type 51 (Run
Card).

TRANSYT-7F does not expiicitly optimize the
cycle length or phase sequences; however,
these can be M"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
hill climb technique explained earlier should
be used (probably with the "quick optimiza-
tion" procedure used in the Initial trials
and the normal optimization used for "“fine
tuning™).

The shortcomings |isted
graphs are clearly

in the above para-
limitations present in

m

this version; however, TRANSYT-7F is suffi-
ciently realistic to design meny network con-
figurations, and can be extremely useful to
the local traffic agency.
Other limiting assumptions are |isted below:
a. All major intersections in the network
have traffic signals, although sign-
controlled Intersections and other
mid-block bottlenecks can be modeled.
b. Traffic entering the network from the
outside does so at a constant uniform
rate on each approach, This is not
unreal istic over a long period such as
an hour.
c. The volumes and proportions of turns
remain constant at each approach for
the entire period of analysis,

de Traffic dispersion is assumed to be

uniform for the period of analysis.

The last three are probably the most serious
of limitations; although the platoon disper-
sion model Is far more realistic than a sim-
pler assumption of uniform platoons,

EXAMPLE APPLICATION

In order to illustrate the use of TRANSYT-7F
the arterial problem previously utilized for
PASSER 80 was selected. The following de-
scribes this example application of TRANSYT-
7F.

Problem Description

Ashliey Drive has eight signals interconnected
as part of a downtown signal system, Pre~
vious analysis has indicated that the exist-
ing phasing is adequate, However, the city
does desire to determine if an Improved oper-
ation can occur by changing the cycle
lengths, splits, and offsets, TRANSYT-7F,
will be utilized to develop and evaluate
alternative signal timing.
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Analysis of Existing Conditions

The first step in the evaluation process is
to use TRANSYT-7F to represent existing con-
ditions. This condition is the basis for
evaluating other alternatives.

In order to code data for TRANSYT-7F properiy
a link=node map with pertinent information is
essential, Figure 91 illustrates one method
of preparing such a map. This map shows |ink
number, lane usage, volumes, distance between

stop bars, and Iintersection numbers, The
only additional information that would be
required is existing signal timing. To code
existing conditions, information is required
on offsets, phasing, and interval lengths for
vehicle and pedestrian signal displays.
Figure 92 Iillustrates the coded input data

for existing conditions. A total of 82 cards
were required to represent the eight nodes
and 42 |inks,

The input data were keypunched and submitted
to the computer for execution. Figure 94
illustrates part of the Iinput data report
obtained from this run,

Review of the +traffic performance table on
Figure 94 for each of the links, permits a
ready identification of existing problems
The 01 links for each node (signal) are the
majo? northbound thru movements. Information
on degree of saturation, stops and maximum
back of queue can be quickly identified for
these links as well as identification of
other problems,

For instance, the approach with the highest
degree of saturation is link 206, the east-
bound dual turn at node 2, Kennedy Bivd., For
this links 91% of all approaching traffic
must stop.

On the other hand, link 201 (the northbound
thru approach) requires only 3% of the traf-
fic to stop, indicating that the offset
between 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 for the network as a whole,

These are not as meaningful as the I|ink
statistics for evaluating a specific run,
However, they can be extremely useful when
compared to other alternatives as will be

seen during the evaluation of alternatives.

The determination of the number of vehicles
stopping on the approach can be more clearly
seen on the flow profile plots on Figure 95.
Link 101 (the upper left plot) is an entry
link with uniform arrivals throughout the
cycle. However, for Ilink 201 (the middle
left plot) we can see few arrivals on red
(the |1l symbols), Virtually all movements
(97%) are arrivals and departures on green
(the 000 symbols).

Figure 96 is an example of the signal timing
output obtained. Since this is an existing
conditions run, their settings should
represent actual field settings.,

The last report obtained from the exlisting
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 conditions
there is a bandwidth of approaximately 26

seconds at a speed of 34 miles per hour (four
mph over the speed limit) or for the average
trave! speed of 25 mph the bandwidth would be
20 seconds. There is no bandwidth in the
opposing (southbound) direction,

Define and Analyze Alternatives

The TRANSYT-7F model can be utilized +o
develop optimal signal timing settings for
given cycle lengths and phasing, In order to
define these alternatives it is only neces-
sary to change a few cards,

include the control
length, steps and
initial timings) and

Basical ly these changes
card (to specific cycle
automatic generation of
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NETWORK
CONDITION

ASHiEyY DPR/vE~

cITy

TAMPA

el ST I

PAGE _/__ OF

7

OATE _BL2 2080

DY A23E

(sl

W] vl ]

5] 30] 3] aof as]  so]  ss] o] ﬁsi 2] s

)

cc
Figldﬁ]2[3J4[5]5L7]s[9[|0Jn[1z]13]14|1s|15|
Run Title [A—SHLELDRWA-‘ ARTERIAL ALALYSLS - TRAMSYT-T7F _oPT 70 SEC Cycl& PM F&AK J
Control | card |Cyele | Cvele fsiop Start- | green | Init. | seeed i0)|Output ] engr 101]Sec (0}] Not | Not szglecm Not
Card Type Lé;'g)m %mg':; Penalty s".',':.',f:."’ %?r:\‘a Exten. [Settings| 7T 1] Level jMatic i )perc (1)] Used | Used \7::'. Used
1 70] 35] 27| ¢o| 2| 3 /o] 2 2
Nedo 5 T~ 71 2] 3] #[ s &| 71 &
Cards 2
o
. 2
~ 2
2
pocs 71 1 1 T 1 [ T T T 1 [ 1T 1
Smpspchelav[ 5 ] l l I ] L I I l ] ] I l J I J
ey 5 7 1 [ 1 [ [ 1T T T 1 T T 1
Sharfld 7
v 7
7
7
Moo [0 /1 1 [ 11 [ 1 17171711 [ ]}
ri.la[l|z[3[4[5[5[7[8]9|1o[nf12]13[:4l|5[ij
TRANSYT-7F INTERSECTION CARDS (3441 TAM PA PAGE _ 2 OF
NETWORK ___ A SHis v DRIVE DATE 2 P
CONDITION EX ST A & CODED 5B
cc 5] w] 5] 2] as] so] ss[ ao] as] so] ss] eo] es] 7] 7] s0]
cri:a[1rz|3|4[5[s|7[8[9[10[11[12[13[14L15[16|
£ 1]
Types
Type oOff- of-— Interval Durations (Intervals 1-11) ouble
Contralier | 1% | Node J Cyel
Cord  [jxmrel] Mo [ * f‘:" 1"T 2T 3] a]sJTe] 7] 8] s wln o
Cont. | Type | Node Interval Durations (Intervals 12-25)
Card [ 18 fNo ["02 T a3 [ 1a J1s [16 [ [w]w]aoj2an]22a]aa] [
Type -Start] Variab. | Yellow |All-Red] pa; Cont.
Pé\:'s: h}z(#l N'g:.u |£:. E‘::a: E‘IEW "f“:: L“:r.\:.lh Links Moving During This Phase Iﬁw:‘gt
T Cont.
- Cont. lvéi’# Node Additional Links Moving During This Phase I:zi;‘g
. vink | Tyee [Link | Lok | St [ Torar picbic 15t Input Link 2nd tnput Link 3rd Input Link Not
©  Card 28 No. jLength| Flow | vol. | vol. No. LVnIJ Speed No.LVoLLSpeed No.—[ Vol. |Spe¢d Used
- Additional ath Input Link
Cont. | T put Lin
bl I ol L Tow TQher | Notwed 1= Toi [ spesa Not Used
bue [ /2] /] ool /] 51 6] £ 7y ¢
41 A A ) 3[ o (s[lo)]| )03
22 / 4] 4 Cl o 20l 10f] 103
28| 70/| ols270| 572 o
28 s02] 213 16¢0] 436] U] 20f#] 2/| 257 203] 305]
28| r03| 313[3270| ¢4P#| | 2/ 2/ ]| 257 203] 33

Fed [ 1 | 2 | 3] 4 | 6] 6] 7] 8] o [w][nfawa]3[wu]i]is)]

TRANSYT-7F Coded input Data Forms for Ashley Drive
Existing Conditions,

Figure 92.

174

AWVN 13S viva

IWVN L3S viva



TRANSYT-7F
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Figure 92, TRANSYT-7F Coded Input Data Forms for Ashley Drive
Exlsting Conditions (Continued).
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Figure 92, TRANSYT-7F Coded Input Data Forms for Ashley Drive
Existing Conditions (Continued),
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PROGRAM
VERSION 7.0

TRANSPORT AND ROAD RESEARCH LABORATORY
TRANSPORTATION RESEARCH CENTER

TRANSYT-7F -- TRAFFIC SIGNAL SYSTEM OPTIMIZATION
RELEASE 1 AUG, 1981
SPONSORED BY: DEVELOPED BY:
FEDERAL HIGHWAY ADMINISTRATION
OFFICE OF TRAFFIC OPERATIONS UNITED KINGDOM A
UNIVERSITY OF FLORID
INPUT DATA REPORT FOR RUN 1

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK

CONTROL FLAGS
CARD CARD CYCLE STEPS STOP PERIOD LOST GREEN INITIAL SPEED/ OUTPUT ENGLISH/ SEC/ FLOW
NO. TYPE LENGTH PER CYC. PENALTY LENGTH TIME EXTEN. TIMINGS T-TIME LEVEL METRIC PERCENT SCALE
i 1 90 45 25 60 2 3 0 [ 2 0 0 ] 0 0 0
CARD CARD LIST OF NODES TO BE OPTIMIZED
NO. TYPE
2 2 1 2 3 4 5 6 7 8 0 0 0 0 0 0 0
SYSTEM MASTER DATA
CARD CARD MASTER SYSTEM SYSTEM EXTERNAL FUEL
NO. TYPE NODE SATFLOW PDF SPEED FACTOR
3 10 1 ] 0 0 0 0 ] 0 0 0 0 ] 0 0 o
--- PROGRAM NOTE --- INPUT UNITS WERE SPECIFIED AS FOLLOWS: }
SPEED/TRAVEL TIME IN SPEED
ENGLISH/METRIC UNITS IN ENGLISH
TIMING UNITS IN SECONDS
INTERSECTION 1
CONTROLLER TIMING DATA
CARD CARD NOD OFFSET INTERVAL DURATIONS (SECS. OR PERCENT) .....,.uviusssvrososasnnasssossnsansasssasssssss DOUBLE
NO. TYPE ND OFFSET REF INT INTH INT2 INT3 INTS INTS INT6 INT? INTS INTY INT10 INT11 CYCLE
4 12 1 47 1 16 ] 4 52 8 4 [ 0 0 0 0 0
PHASE TIMING DATA
CARD CARD NODE START VARIAB. YELLOW ALL-RED MINIM CONT,
NO. TYPE NO. INT INT INT INT SECS. LINKS MOVING IN THIS PHASE ......cvvvnvsnnnnen tesessnran PP FLAG
5 21 1 1 1 3 0 15 101 103 0 1] 0 ] 0 0 0
6 22 1 4 4 6 0 20 104 103 0 0 0 0 [} 0 0
LINK DATA
CARD CARD LINK  LINK SAT TOTAL  MID-BLK. FIRST INPUT LINK. SECOND INPUT LINK. THIRD INPUT LINK....
NO. TYPE NO LENGTH FLOW voL. voL. NO. voL. SPD/TT NO. voL. SPD/TT NO. voL. SPD/TT
7 28 101 0 3270 572 0 0 0 0 0 0 0 0 0 0 0
8 28 104 313 1640 436 0 208 21 25 203 305 25 211 110 25 0
9 28 103 313 32790 484 0 211 121 25 203 339 25 208 24 25 0
INTERSECTION 2 Intersections 2 thru 8 similar
68 28 801 284 3270 1578 0 701 1382 25 706 196 25 0 0 0 0
69 28 802 284 1640 263 0 702 230 25 706 33 25 0 0 0 0
70 28 803 0 5100 1029 0 0 0 0 0 0 0 0 0 0 0
71 28 807 0 1800 295 0 0 0 0 0 0 0 0 0 0 0
72 28 808 0 1640 36 0 0 [ [ 0 0 0 0 0 0 0
73 28 812 0 1640 259 0 0 0 0 0 0 0 0 [ ] ]
--- PROGRAM NOTE =~-- TRANSYT-7F NOW BEGINS FINAL PROCESSING AFTER ALL INTERSECTIONS HAVE BEEN INPUT.
GRAPH PLOT CARDS
CARD CARD LINK LINK LINK LINK LINK LINK LINK LINK
NO. TYPE NO. NO. NO. NO. NO. NC. NO. NG.
74 40 191 104 201 203 301 303 401 403 0 0 0 0 ] 0 [
75 40 501 503 601 603 701 703 801 803 0 0 0 1] 0 0 0
CARD CARD RUN CARD
NO. TYPE
76 51 [ [] 0 0 0 0 0 0 0 0 [} 0 0 0 [
-~- PROGRAM NOTE ~-- A CARD TYPE 51 CAUSES JOB TO BE EXECUTED AS A SIMULATION RUN,
DELETING ANY OPTIMIZATION VALUES INPUT.
=== PROGRAM NOTE --- THERE ARE A TOTAL OF 8 NODES AND 42 LINKS (INCLUDING BOTTLENECKS, IF ANY) IN THIS RUN.

Figure 93,
on Ashley Drive

177

TRANSYT-7F Input Data Report for Existing Conditions



TRANSYT-7F

ASHLEY DRIVE ARTERIAL ANALYSIS = TRANSYT-7F- EXISTING CONDITION PM PEAX 90 SECOND CYCLE 43 STEPS
INITIAL SETTINGS
NODE LINK FLOW SAT DEGREE TOTAL TOTAL URIFORM RANDOM TOTAL UNIFORM MAX BACK FUEL GREEN PERIOD LINK
NO NO FLOW OF SAT TRAVEL TIME DELAY DELAY DELAY STOPS OF QUEUE CONSUM STARY LENGTH NO
(VEH/H) (VEH/H) (X) (VEH-MI/H) (VEH-H/H) (VEH-R/H) (VEK-H/H) (VEH-H/H) (VEH/H;X) (VEH) (GAL/H) (SEC) (SEC)
1101 572 3270 63 0.0 5.030 4.660 0.369 5.030 484.0C 85%x) 12 5.96 48 22 109
103 684 3270 15 28.57 1.121 . 0.0 . 00 0%X) 0 1.39 0 90 103
1 104 436 1640 39 25.74 2.375 1.302 0.063 1.365 352.1C 81%) 9 3.80 74 60 104
1 16492 MAX = 68 54,31 8.526 5.962 0.432 6.394 836.1C 56%) 12(M) 11,15 NODE PI = 12.2
2 201 496 4860 37 26.81 1.339 0.233 0.053 0.286 13.5¢ 3%) 0 1.59 52 24 201
2 203 646 3270 71 34.81 3.922 2.12¢6 0.429 2.556 323.1¢ 50%x) 11 §.63 52 26 203
2 206 516 2950 83 0.0 5.708 6.733 0.97¢6 5.708 468.4C 91%) 12 6.15 30 18 206
2 207 584 3270 43 6.0 3.054 2.971 0.083 3.054 388.9¢C 67%) 10 4.34 30 36 207
2 208 45 1440 3 0.0 0.197 0.195 0.002 0.197 25.1C 56%) 1 0.23 80 36 208
2 219 423 14490 56 22.87 1.472 0.39%¢ 0.180 0.575 68.5( 16%) 3 1.75 30 46 210
2 211 231 1640 21 0.0 0.390 0.376 0.015 0.390 81.9¢ 35%) 2 0.80 30 58 211
2 212 276 1440 47 0.0 1.527 1.426 0.102 1.527 186.7¢C 68%) 5 2,14 80 36 212
2: 3215 MAX = 83 84.49 17.609 12.453 1.840 164.293  1556.0( 48%) 12(M) 21.57 NODE PI = 25.¢
3 30t 1428 4860 59 78.97 7.062 4.100 0.209 4.310 796.6( 56x) 22 11.09 40 44 301
3 303 582 3270 27 35.44 2.230 0.813 0.025 0.839 157.8( 27x) 4 2.97 26 58 303
3 304 93 2590 29 5.66 1.6164 1.361 L0314 1.392 92.7¢100%) 2 1.42 26 10 304
3 305 165 3270 18 0.0 1.112 1.102 0.010 1.112 117,70 71%) 3 1.40 a8 24 305
3 306 211 1640 46 0.0 1.632 1.532 0.100 1.632 164.5¢ 78%) 4 1.99 88 24 306
3 310 383 1640 36 23.32 1.520 0.556 0.049 0.605 106.8C 27%) 3 1.98 26 58 310
3: 2862 MAX = 59 143.40 15.171 9.666 0.424 9.889 14364.0C 50%) 22(M) 20.35 NODE PI = 19.8
4 601 1465 48610 55 81.02 5.357 2.005 0.171 2.177 228.7¢ 16%) 6 6.19 42 48 401
4 403 926 4860 35 47.76 8.364 6.942 0.047 6.990 721.8C 78%) 19 9.45 42 43 403
4 4038 143 2590 14 0.0 0.691 0.685 0.006 0.691 86.1( 60%) 2 0.97 4 34 408
4 412 400 1640 63 0.0 2.645 2.382 0.262 2.645 301.1C 75%) 8 3.49 4 34 412
4: 2934 MAX = 63 128.77 17.556 12.015 0.487 12.501  1337.7C 46X) 19(M) 20.10 NODE PI = 21.8
5 501 1854 4860 58 102.53 6.468 2.241 0,202 2,443 392.4¢ 21X) 10 8.25 L1 58 501
5 503 926 4360 19 59.27 2.326 0.0 e.0 0.0 6.0C 0X) 0 2.89 0 90 503
5 504 115 16490 25 7.36 0.771 0.461 0.021 0.482 101.2¢ 38%) 3 1.13 12 24 504
5: 2895 MAX = 58 169. 16 9.565 2.702 0.223 2.925 493.6C 17x)  10(M> 12.27 NODE PI = 6.4
6 601 16403 3270 65 62.77 2.898 0.125 0.309 0.434 16.1¢C 1% ] 3.34 46 58 601t
6 602 10 1640 1 0.45 0.019 0.001 0.0 0.001 0.1¢C 1%X) (] 0.05 46 58 602
ASHLEY DRIVE ARTERIAL AMALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK 90 SECOND CYCLE 45 STEPS
NODE LINK FLOW SAT DEGREE TOTAL TOFAL UNIFORM RANDOM TOTAL UNIFORM MAX BACK FUEL GREEN PERIOD LINK
NO NO FL OF SAT TRAVEL TIME DELAY DELAY DELAY STOPS OF QUEUE CONSUM START LENGTH NO
(VEH/H) (VEH/H) (%) (VEH-MI/H) (VEH-H/R) (VEH-H/H) (VEH-H/H) (VEH-H/H) (VEH/H;X) (VEHW) (GAL/H) (SEC) (SEC)
6 603 1001 4860 41 46.03 2.184 0.306 0.072 0.378 71.7¢ 7%) 6 2.81 60 44 603
6 608 40 16490 9 0.0 0.263 0.261 0.002 0.263 27.6¢ 69%) 1 0.33 18 24 608
6 609 226 1640 21 10,14 0.431 0.020 0.014 0.034 2.6( 1 0 0.52 46 58 609
6 612 209 1640 46 0.0 1.613 1.516 0.097 1.613 162.9¢ 78x) 4 1.97 8 26 612
6: 2389 MAX = 65 119.35 7.407 2.2238 0.494 2.722 281.0C 10X) 6(M) 9.01 NODE PI = 4.7
7 701 1382 3270 62 91.03 5.307 1.476 0.258 1.734 620.6¢ 45X) 21 3.62 4 60 70t
7 702 230 1640 21 15.15 0.724 0.115 0.013 0.129 41.3C 183%x) 1 1.02 4 60 702
7 703 934 5100 27 50.91 2.975 0.952 0.025 0.977 515.2( 55X) 18 5.74 4 60 703
7 705 407 4430 36 0.0 3.069 3.018 0.050 3.069 316.5¢C 78%) 8 3.80 8 22 708
7 706 229 1640 55 1.955 1.79¢ 0. 164 1.955 187.6¢ 82X) 5 2.31 8 22 706
7 709 226 1640 20 14.89 0.658 0.060 0.0t3 0.073 33.6¢ 15%) 1 0.94 4 60 709
7 3405 MAX = 62 171.97 14.637 7.413 0.523 7.937 1716.8C 50X) 21(M) 22.43 NODE PI = 19.8
3 801 1578 3270 67 85.31 %.951 1.266 0.336 1.602 337.6C 21%) 9 6.73 52 64 801
8 802 263 1640 53 14.22 2.152 1.461 0.153 1.594 214.5¢ 82%) 6 2.5% 0 26 802
8 803 1029 5100 52 0.0 5.944 5.805 0. 140 5.944 731.5C 71X) 19 8.25 2 34 803
3 807 295 1800 78 0.0 3.326 2,669 0.657 3.326 262.6( 89%) 7 3.51 0 18 807
8 808 36 1640 10 0.0 0.233 0.280 0.003 0.233 76X) 1 0.36 ] 18 808
8 3t2 259 1640 75 0.0 2.872 2.328 0.544 2.872 230.19¢ 89%) 6 3.05 0 18 812
8: 3460 MAX = 78 99.52 19.529 13.789 1.833 15.622 1803.5C 52X) 19(M) 24.47 NODE PI = 28.1
TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
DISTANCE TRAVEL UNIFORM RANDOM DELAY UNIFORM FUEL PERFORMANCE SPEED
TRAVELED TIME DELAY DELAY $TOPS CONSUM INDEX
(VEH-MI/ZH) (VEH-H/H) (VEH-H/H) (VEH-H/H) (VEH-H/H) (VEH/H) (GAL/H) (MIZH)
970.97 110.9050 66.028 6.256 72.284 9456.7 141.85 137.96 8.82

Figure 94. TRANSYT-7F Traffic Performance Table for Existing
Conditions on Ashley Drive.
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LINK 101 MAX FLOW 3270 VEH/H M.M.E. 0.0 LINK 104 MAX FLOW 1640 VEH/H M.M.E. 0.90
8555555 $SS §55588$S
5555555 555 §555555
5555555 $85 IT 5555555
§55555S 5SS III  55558%S
5555555 SSS IITIT $5S5S5SS
5555555 $55 IIIII SS555S5S
$55555S 5SS IITIIISSSS55SS
5555555 §55 IIIIIIIS5585555
5955555 5SS ITTIIIISSSSSSS
8555555 5SS ITITIII0SS555SS
5555555 5SS IITIII1055555S
5555555 SSS IITIIII05555SS
555585S 5SS IITIIII00SSSSS
$$55558 0ss IITIIIII00SSSSCO
5855555 0SS ITTIIXIIN0SSSSO
§55555$ 00s IIIIIII1000SSSO
$555555 0055 IITIII110005550
S$5555SS 00ss IIIIIIII000S5SSC
§555555 00sS IIIIIXII0000SSO
5585555 0005 ITIIIIII0000S50
ITIIYIYITITIIIIIIITIIIIIIIO00000000000TITIINIIT 0000 IIIIIIII0000050
ITTIXIITIIIIIIIIIIIIIINIINI0O00000000000IITIIIIII 06000 IIIIIIII0000050
IXTIIIXIITIIIINIIIINIIIIII000000000000ITITIII 000000000000000000000000TIIII IIIIIIII0000000
IITXTITIIXIIIIITIIIIIIIIIICO0000000000IIXIIIIY 000000000000000000000000I XX IITIIITIIITII0000000
LINK 201 MAX FLOW 2808 VEH/H M.M.E. 1.41 LINK 203 MAX FLOW 3270 VEH/H M.M.E. 0.97
00 $55585
0000 55555S
0000 555555
00000 555555
00000 §555SS
00000 5555558
000000 1 $555550
000060 1 $5555000
000000 1 $5555000
000000 I 55550000
0000000 I 55550000
0000000 I $55000000
00000000 11 $55000000
00000000 IIX $55000000
00000000 I11 §55000000
000000000 11X $500000000
000000000 111 5500000000
0000000000 III 5500000000
00000000000 I IITI 55000000000
$000000000000 II IIIX $0000000000
5000000000000 Il IITII 50000000000
$0000000000001 III IIIII 500000000000
$0000000000001 I 1111 ITIIII_ 5000000000000
S000000000000IIT ITTIIITIIIL IITIIIIIIX0000000000000I1 I
LINK 801 MAX FLOW 3270 VEH/H M.M.E. 0.52 LINK 803 MAX FLOW 5100 VEH/H M.M.E. 0.0
00 5555 0000 585558
000 55555 00000 555555
000 S$55SS 000000 5855SS
000 $55SS 0000000 $5555S5S
000 $55SS 0000000 5555558
000 55555 0000000 5585555
0000 55555 00000000 5555555
0000 $5555 00000000 555555%
0000 $5555 00000000 $555555
00000 $558§ 00000000 5555555
00000 55555 00000000 $5555SS
000000 $55SS 00000000 5§5555585
000000 $555$ 000000000 58555SS
0000000 55585 000000000 $55555S
0000060000000 1105555 000000000 §555555
00000G00000000 Il I1I110555S 000000000 555555S
0000000060000000 III III0SSSS 000000000 5§555555
0000000000000001 IIII IIII00SSS  0000DOGOO 5555555
000000000000000T IIXIII IIII0O0SSS 000000000 555555S
000000000000000XITITXIITIIIII000SS 000000000 ITTITITIIITIIINIINIIINIIIIIINI000000000000000000
000000000000000IITITIITIIIIIII000SS 000000000 IIIITTIITIIIIIINIIINIINIIIIIIOO0Q000000000000000
000000000000000IIIIITIIIIIII0000S 000000000 IITITYIIIITNINTIIIIIIIITIIIIO0Q0000000000000000
000000000000000IIIIIIIITIIIT00000000 000000000 IIITIIITIEIIIIIININIIIINIINI0CO0000000000000000
000000000000000IIIIITIIIIII000000000000000000 ITIIINIIIIIINITITINIIIIINIIOO00000000000000000
Figure 95. TRANSYT-7F Flow Profile Plots for Existing

Conditions on Ashley Drive.
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ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK

90 SECOND CYCLE 45 STEPS

NETWORK-WIDE SIGNAL TIMING DATA

SYSTEM CYCLE LENGTH =
MASTER OFFSET REFERENCE LOCATION = INTERSECTION NO. 1
ALL OFFSETS ARE REFERENCED TO THE START OF INTERVAL NO. 1 AT THIS SIGNAL.

90 SECONDS

INTERSECTION CONTROLLER SETTINGS

INTERSECTION NUMBER 1

INTERVAL NUMBER: 1 2 3 4 5 6
LENGTH (SEC):* 16 6 4 52 8 4
LENGTH (%): 18 7 4 58 9 4
PIN SETTINGS (%): 10040 18 25 29 87 96
PHASE START (PH #): 1 2
VARIABLE INT.(PH #): 1 2

OFFSET = 0 SEC. 0 %.
THIS IS THE MASTER CONTROLLER.

44+ 137 +++ WARNING + THE OFFSET FALLS WITHIN 1% OF AN INTERVAL CHANGE POINT AT THE START OF INTERVAL NO.

INTERSECTION NUMBER 2

INTERVAL NUMBER: 1 2 3 4 5 6 7 8 9
LENGTH (SEC): 14 10 4 26 10 4 8 10 4
LENGTH (%): 16 11 4 30 11 4 9 1 4

+++ 129 +++ WARNING + DUE YO ROUNDOFF, INTERVAL NO. 4 HAD TO BE ADJUSTED BY 0 SEC AND/OR 1%.

PIN SETTINGS (%): 100s/0 16 27 3t 61 72 76 85 96

PHASE START (PH #): 1 2 3
VARIABLE INT.(PH #): 1 2 3
OFFSET = 4 SEC. 4 %.

+4+ 137 +++ WARNING + THE OFFSET FALLS WITHIN 1% OF AN INTERVAL CHANGE POINT AT THE START OF INTERVAL NO.

Iintersections 3 thru 7 similar
INTERSECTION NUMBER 8
INTERVAL NUMBER: 1 2 3 4 5 6 7 3
LENGTH (SEC): 24 10 4 26 4 8 10 4
LENGTH (%): 27 17" 4 30 4 9 11 4

+++ 129 +++ WARNING + DUE TO ROUNDOFF, INTERVAL NO. & HAD TO BE ADJUSTED BY 0 SEC AND/OR 1%.

PIN SETTINGS (%): t008/0 27 38 42 72 76 85 96
PHASE START (PH #): 1 2 3
VARIABLE INT.(PH #): 1 2 3

OFFSET = 4 SEC. 4 %.
+++ 137 +++ WARNING + THE OFFSET FALLS WITHIN 1% OF AN INTERVAL CHANGE POINT AT THE START OF INTERVAL NO.

Figure 96. TRANSYT-7F Signal Timing Tables for Existing
Conditions on Ashley Drive.
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ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK 90 SECOND CYCLE 45 STEPS
==~ PROGRAM NOTE --- THIS IS THE INPUT DATA REPORT FOR TIME-SPACE DIAGRAM NO. 1
TIME-SPACE DIAGRAM DATA

CARD CARD NO. TIME TIME  DIST.

NO. TYPE NODES FLAG SCALE SCALE

77 60 3 0 [ 67 0 0 ] 0 0 0 0 ] 0 ¢ 0

PLOT TITLE CARD

CARD

NO., TITLE

78 ASHLEY DRIVE - EXISTING TIMING

PLOT LINK STREAM CARD

CARD CARD LINK PAIRS ALTERNATING BY DIRECTION

NO. TYPE DOWN AND UP DOWN AND UP DOWN AND UP DOWN AND UP DOWN AND UP DOWN AND UP DOWN AND UP

9 61 101 104 20% 203 301 303 401 403 501 503 601 603 701 703 0
30 61 801 803 0 0 0 0 0 0 0 0 0 8 0 0 0

TRANSYT-7F TIME-SPACE DIAGRAM ROUTINE

ASHLEY DRIVE ARTERIAL ANALYSIS - TRANSYT-7F- EXISTING CONDITION PM PEAK 90 SECOND CYCLE 45 STEPS
PLOT TITLE: ASHLEY DRIVE - EXISTING TIMING
TIME AXIS IS IN:SEC TIME SCALE = 3 SEC/CHAR, DIST. SCALE = 67 FT/LINE

NODE  123456739012345678901234567890123456739019234567890123456789012365678901234567890123456789012345678901234567890 DISTANCE

] FYY Yy FETTTYY ry

+ + ++ +Eibdded =ttt - 0 FT
2 = D636 62696 366 096 062 00063 X 06 2636336 3 2P0 006 31960636 3 3 3¢ 3 MO M 23 RROOOOERRK 286 FT
3 LR E e 000 H NN = — l PR TTT 1 EETEs KOOOENK 577 FT
4 M MM N N xuumnnun, XN MIEHN NN X xkxMu% 869 FT
5 B e R e , ------ -—— -~ 1161 FT
6 |+ees HIIODERMNNS 4444 WIIOIHMKN+ 444+ NI+ 44 % 1398 FT
7 Prexnxn 30963 9 9 2 LEi i3] F3WOOEN NN 1746 FT
8 | FEEEPESELHIINNNR FHEEHEEEEHIOONNKR HEEHEE RSP ERAANNN HHE44e+ 2030 FT
NODE 90 45678 2365678901234567890123456789012345678901234567890123456789012345678901234567890 DISTANCE
SCALE CONVERSIONS: +++ THRU IN DOWN DIRECTION
TIME/INCH = ITIMSC ¥ 10 (AT 10 CHAR/INCH) THRU IN BOTH DIRECTIONS
DIST/INCH = IDISSC % 6 (AT 6 LINES/INCH) --~ THRU IN UP DIRECTION
*%% RED IN BOTH DIRECTIONS
TERMINATION CARD
CARD CARD
NO. TYPE
al 90 [] 0 0 0 0 0 0 0 0 ] 0 0 0 ] 0
=== PROGRAM NOTE --- END OF JOB!

Figure 97. TRANSYT-7F Time Space Plot for Existing Conditions
on Ashley Drive,
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ASHLEY DRIVE ARTERIAL ONELYSIS - TRANSYT-7F- €OFY 70 SEC CYCLE PM PECK
FINAL SETTINGS NBTAINED WITH STEF SIZFS ¢ s 14 -1 5 1w T -1 1
NOCE U+AN FLOW SAT  DEGREF TOTAL tovaL UNIFORM RANDOM TOTaL
ND NJ FLOW  DOF Sa7 IRAVEL TIME DELMY DELAY DEL #Y
CVEMGHY (VEH/HY LX) AVEH=MI/HI (VEH-H/H) (VEH-H/H) (VEH-H/H) (VEH-H/H)
1 1Cc1 512 327¢ 12 0.0 4.18% 3.725 D.460 %, 18%
1 18 ags 3270 15 28,57 1.321 0.0 0.0 0.0
1 1Ca 436 1640 ac 25474 1.327 0.252 0.065 0.317
1: 1492 HiX = 12 54,31 B.E34 3.977 0.525% 4,502
2 201 49F N8 60 3 726 .81 1.211 Cella O.0NN 0.158
? 203 6un 32170 €6 36.81 3.176 1.497 0.312 1.809
2 2c¢ 516 29s¢C 12 C.C 3.8720 3.360 D.4860 3.820
2 207 L11) 327 58 f.0 3.146 2.98% 0.162 3,186
2 7CE 4s 14a¢ 10 Cel 0.200 0.197 0.002 0. 200
2 219 423 1840 0 ?22.87 1.321 0.297 0.126 0.423
2 211 231 1640 23 C.0 0.379 0.362 0.017 0. 379
? 212 276 1840 58 0.C 1.£39 1,436 06203 1,.,F39
?: 3215 MAX = 12 8,49 14.891 10.2488 1.326 11.57%
3 10 1428 4860 &2 78.97 Se173 20763 0.257 3.020
3 303 582 3210 29 35, 48 1.779 0.3%8 0.030 0.388
1 G 3 2%9¢C 36 5.6 6 14325 1.052 0.050 1.102
3 16% 3270 17 0.C 0.808 G.799 0.008 0.808
b 211 1640 “3 0.0 1.190 1.110 04080 1.190
3 31 sy 1640 38 23,32 1.219 D.20¢ 0.058 0.304
L 2862 MAX = (14 193.40 12.09% 6.328 D.u84 6.812
O «013 1465 4860 &0 81.C27 5338 1.929 0.2293 2.158
8 803 926 4860 38 a7,.17€ 6+79% 4.8€2 0.0%9 4.920
* 4CE 143 259¢C 13 0.0 0.u88 D.a83 0.00% Q. u88
LR o4 400 1R&0 59 0.0 1.892 1.682 0.210 1.892
LR 293w MEX = &C 128.77 14518 84956 0.%02 q, 058
s ¢C1 1854 4860 68 1C7.91% T«u58 3.062 0.371 3. 433
5 503 92?6 8860 19 %9.27 ?2.32¢ 0.0 0.0 0.0
S cCe 115 1690 20 7.36 0. 588 0.085 0.012 0.097
5% 288% Max = (14 1€9.16 10.170 3.187 De.3083 3.530
5 51 14C3 3270 70 62.177 3.021 0.1%2 0.40% 0,557
€ F€C7 1c 164 C 1 CatS 0.018 V.00 0.000 0. 001
€ fC2 1001 486 C L1 4603 ?.791 0.900 0.08% 0. 984
5 503 4C 1680 8 c.0 0192 0.190 0.002 0.192
€ ECS 2?26 1640 22 1Ce11 De4 2% 0.012 0.016 0.028
> 312 208 16aC a? 0.0 1.17¢ 1.098 0.078 1.17¢
€2 28819 MAX = 10 119.35 Te623 24354 0.584 2,938
1 101 13827 $270 12 91.03 Se35% 1.316 Oet66 1.782
7T 1902 230 1640 2% 15.1% 0.78% 0.171 0.013 0.190
7 102? 931 %1C0 31 5Ce91 24152 0e119 0.03% 0. 154
1 7108 807 4830 ?8 c.C 1.91F 1.889 G. 027 1.916
7 7Ce 229 164G L¥4 0.0 1.198 1.120 0.078 1.198
7 103 226 1¢a0 74 1w .69 0.681 0.078 0.018 0.09¢
1: 3405 MEX = 12 171.97 12.086 4.693 Deb43 S« 336
8 01 1578 3210 79 85,31 Seu38 1.834 D.718 2.149
3 802 2613 1640 66 14,22 2.077 1.201 0.318 1.519
e £ 1029 §10C 61 CeC Se6E1 S5.417 0e.204% Se 661
3 307 29% 1600 55 t.0 1.779 1.615 0,164 1.779
2 ECE 36 16080 7 Ce0 0.173 0.171 0.001 0.173
3 Ie? 259 PR 14 53 c.0 1.845% 1.809 04146 1.555
e 3460 MaX = 79 99.52 16742 11.247 1.589% 12.836
0TeL TOY L TOTeL mIe ToTsL ToTaL
DISTONCE TP AVEL UNIFORM RIND (M DELSY UNIFORM
TRAVELED TIMF DELAY ot LAY STOPS
tVEH-FI/H? IVEH=H/H) (VEH-H/H) tVE H-H /H) IVEH-H/H) IVEH/H)
971C.97 9, 751 50,909 €eD 47 56.,98F 8340, 5

UNIFORM
STOPS

o

CVEH/H: %)

48fR.61
0.0t
136,310

627.91

170t
2318.11
a8 0.81
935,01
28.%1
56.81¢
89.0¢
231461

1557.21

629431¢
102. 8¢

asx
ox)
31%)

23

16 %)
Jagx)
85%)
782y
63%}
133%)
39%)
77%)

482

sy
183%)

92.71100%)

113.61¢
156.810
£9. 3¢

1168 .40

271.7¢
835,31

81,51
281,91t

1470.6¢

531401
0,0t
264210

“57.7¢

105,41
0.3
1270t
2Feut
Se21t
155, 3¢

419.8¢

287.51
EEPL L
31.614

218.91

164.0t
11.3¢

806.7¢

283451
218,21t
79%.0t
227. 7
23.T¢
198, 3¢

17%1.81
TUTAL
FUEL

CONSUM
LEaL/HY

178,02

69%)
74%)
183)

N1}

18%1
S0%)
S7%1)
70%)

s0%)

29%)
ox)
?3%)

19%)

8%
3
13%9
[121]
2%t
793)

15%)

21%)
15%)
3%
69X}
72%)
5%)

283

16%)
81%)
17%)
77%)
66%)
7%

50%)

PEFR

70 SECONO CYCLE

MEX BOCK FUEL

F GUEUE CONSUM
LVEHT  (GIL/H)
10 S.61
° 1,39
2.13

10¢M) 9,14
k3 1,80
a 3.71
a 5. 08
] 4,13
1 0.31
2 1.62
? 0.85
o 2,35
9UM) 20445
16 9. 34
? 2.46
» l.28
H 1.23
] 1.73
H 1.65
16 (M 17.70
3 6el
16 9,13
2 0.84
3 1.00
16(M)  19.39
11 9. 46
0 2.89
0.55

13(M)  12.89
[ 3.89
[ 0.05
3 3. 39
1 0.29
0 0.53
3 1.71

M 985

8 fe82
1 1.01
1 272
3 2.99
3 l.79
o 0.83

8{M)  16.15

? 668
“ 2.5€
6 8+60
" 2454
1] 0. 26
" 222

16(M)  22.85

FORMINCF  SPERD
INDE X

MT7H)
114,01 10.28

Figure 98. TRANSYT=7F Traffic Performance Table for Optional
Solution on Ashley Drive.
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GREEN
START
( SEC)

NOOE

68
8
58
34
3
58

NODE

40
4¢

NODE

NODE

14
14
14
58
58
14

NODE
16
42
16
62
€2

NODE

35 STEPS
PERICD. L INK
LENETH NO

tSFC)

£ 101
70 103
46 104
Fr = 8.8
20 201
20 203
1€ 208
22 207
22 208
4t 210
4z 211
22 212
PI = 22.4
32 301
82 303
6 304
20 30%
20 308
42 310
PI = 14.9
38 401
38 403
28 408
28 412
PI = 19.7
38 501
70 503
2% 504
PI = T.4
42 €01
42 602
32 503
20 608
42 6509
2C €312
PI = Se9
40 701
40 702
40 703
22 10%
22 706
40 709
PI = 10.9
42 801
16 802
22 803
20 807
20 808
20 812
PI = 24.9



TRANSYT-7F

Table 23 - Comparison of TRANSYT-7F MOE's For Alternate Cycie Lengths Ashliey Drive

Total Total Total
Travel Total Uniform Fuel

Cycle Time Delay Stops Consumption Performance Speed

Alternate Length (Veh=H/H Veh=-H/H Veh/H (Veh/H) I ndex (MPH)
Existing 90 sec. 110,050 72,284 9456,7 141,85 137.96 8.82
1 70 sec. 94,751% 56.986 * 8340.5 128.42*% 114,91%* 10, 25%

2 72 sec. 98,293 60,528 9076.8 133.46 123,56 9.88

3 74 sec. 97.871 60,105 8635.6 131.46 120.07 9,92

4 76 sec. 96,792 59.027 8784.9 131.36 120.03 10.03

5 78 sec. 97.630 59.864 8756.4 131.57 120.67 9.95

6 80 sec. 100.056 62.291 8637.8 132,33 122,28 9.70

7 82 sec. 100,880 63.114 8194.6 130.13 120.02 9,63

8 84 sec, 100,896 63,131 8449,.6 131.81 121.81 9.62

9 86 sec. 102.010 64,244 8450.5 132,34 122,93 9.52

10 88 sec. 103,027 65.262 8439,2 132,79 123,87 9.42

1 90 sec. 104.474 66.708 8384.8 133,14 124.94 9,29

12 92 sec. 104,664 66,899 8019.4 130.77 122,59 9.28

13 94 sec. 105.338 67.572 7979.8 131,12 122,59 9,22

14 96 sec, 107.089 69.323 7%944.4 131.45 124.49 9.07

15 98 sec. 107.442 69,676 7920.6* 131,55 124,68 9.04

* Lowest value for MOE

Controlier Timing Card (to specify fixed
intervals) for each intfersection. |[f alter-
native phasing schemes are to be considered
then the phase timing cards for each phase
must be changed.

Since previous evaluation (PASSER 80) indi-
cated the phasing was adequate it Is only
necessary to define alternatives by varying
the cycle length, For this example an opti-
mal signal plan was developed for 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
contro!l timing cards).

Evaluation of Results

network
15 aiternatives.
increased, travel

stops decreased, and speed
Att of the alter~

Table 23 provides a comparison in
wide MOE's for each of the
In general as cycle length
time increased,
was relatively unchanged.

native signal
resulted in

plans developed by TRANSYT-7F
improved traffic flow.

The optimel cycle length was a 70 second
cycle. Total delay would be reduced by 20%
(from 72.28 veh=hrs/hr to 56.,99) while stops
are reduced by 12§, as well as total fuel
consumption, Average operational speed is
Iincreased from 8.8 mph to 10.3 mph,

Figure 98 shows the “fraffic performance
expected on each of the links for the optimal
70 second cycle, The degree of saturation

was slightly increased on some approaches in
order to provide additional time for links
with higher flevel of saturation, The most

noticable improvement on a link by link basis
is that in every case the maximum queue has
decreased on each link, For instance, the
maximum back of queue for existing conditions
was 22 vehicles for link 301, For the opti-
mal 70 sec. cycle the maximum expected back
of queue for |ink 301 was reduced to 16 vehi-
cles, or 27 percent,
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Summary of Work Effort Required

The following summarizes the work effort
required to run the TRANSYT-7F model for this
probiem,

Data Collection - Very Ilittle time is
required to obtain data since all the infor-
mation is normally obtained by the iraffic
engineering office except link to link tfurn-
ing movement counts for street segments which
used two or more links to describe traffic
flow. To accurately measure these data mini-
origin/destination studies would have to be
conducted, however, reasonable procedures for
estimating these movements are found in the
User's Manual (page 5-26 to 5-93, Reference
9.4},

Data Coding - The coding of data for TRAN-
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 movements, signal timing etc,) to that
required for coding. It was found to be
easier to summarize this data on the |ink-
node network prior to coding. Preparation of
the link-node sketch, summarization of data
and actual coding of forms required approxi-
mately four hours. An additional hour was
required tfo review, Iidentify and correct
coding errors for existing conditions.

Computer Time - Required CPU time for the
existing conditions was approximately .97
second per run (a total of three runs were
required). The optimization runs required
from 6.22 seconds of CPU time for the 70
second cycle to 9,06 seconds for the 98
second cycle, A total 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 called TRANSYT. This
chapter describes a similar model developed
in the United States -- SIGOP |ll. The simi-
larities between SIGOP 1l and TRANSYT fall
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 submodel
and 2) an optimization submodel which mini=
mizes a user specified "disutility" function.
The specific approaches employed differ some-
what between the models, however,

SIGOP 11l uses the underlying principles of

the TRANSYT mode!, and was based upon the

following objectives (10.2).

1. Develop a new, improved optimization
procedure.

2. Improve effective wutilization of the
model .

3. Enable explicit representations of the

traffic environment,
turning bays.

including exclusive

4, Consider the effect of extensive queueing
to prevent Mspillover" into upstream
intersections.

5. Explicitly consider multi-phase control.

6. Include useful features of other models.
SIGOP Il] is an outgrowth of the SIGOP model,
but most of the difficulties with the earlier
model have been overcome. Several SIGOP
features, notably the time-space plot capa-
bility, have been retained in SIGOP 111,

One of the major differences between $iGOP
111 and TRANSYT concerns the optimization
objective function. TRANSYT considers delay
and stops. SIGOP |1l also considers delay
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Arterial Network

Figure 99.

and stops but, additionally, the objective

function inciudes a term for queue "spill-
over,"

SIGOP 111 Is a powerful analysis and design
tools Preset conditions, such as existing
conditions, may be analyzed In terms of a
number of useful tfraffic engineering meas-
ures. The signal timing may be optimized for

cycle length, splits and effects to minimize
the "disutility" function. Compar Isons of
results of several candidate configurations
enables the engineer to evaluate the relative
effectiveness of the alternative designs.

SIGOP 1it was developed by KLD Associates,
Ince for the Office of Research, Federal
Highway Administration (FHWA). The model

will be disseminated and maintained by the
Impiementation Division of FHWA, +thus the
utility and useful life of the model should
be both current and reliable,
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Program inputs include network geometrics,
traffic flows and |ink capacities, |ink
speeds, signal timing parameters and control

options, The inputs are greatly Iimproved
over the original SIGOP. Data requirements
for SIGOP |11 are retatively less than TRAN-

SYT and NETSIM but more than PASSER 11(80).

MODEL DESCRIPTION

SIGOP il is an acronym for Traffic SiGnal
OPtimization Model, version lIl. The program
Is written in FORTRAN |V and has successfully
run on both CDC 6600, IBM 360 and 370, and
Amdahl 470 computer systems. The current
version contains 34 subroutines and 23 common
blocks. the FORTRAN program is approximately
7,900 lines in
76% are definition and executable statements.
The program requires approximately 300k bytes
of core storage on an |IBM 360 computer, but
an overlay 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)s Thus, even large networks
can be optimized in a relatively short time,
and computer time is comparable to recent
versions of TRANSYT (TRANSYT-7 and
TRANSYT=7F of Chapter 9).

The study network can presently consist of a
maximum of 50 nodes and 130 !inks, however,
the developers have given Iinstructions for
expanding the capacity of the program (Refer-
ence 10.2),

SIGOP Ill is a macroscopic, deterministic,
simulation and optimization model with a
periodic time scan over the soiution space
(e.g., cycle lengths, offsets and splits).
The optimization technique employs a gradient
methodology to scan the feasible solution
surface to be confident that the system-wide

length of which approximately-
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global optimum solution is found. The model
uses an application of a technique referred
to as the "Method of Successive Approxima-

tions" (Reference 10.5) that shortens the
solution times. These Yechniques are
discussed in greater detail later in this
chapter.

The mode! deals exclusively with mixed-flow

traffic on a signalized arterial network.
Multiple approaches (e.g., diagonal streets)
are permissible and signal timing is assumed
to be fixed-time, but with multiple phasing.

The model contains four main program segments
which are: 1) an executive module, 2) an
initialization module, 3) a traffic submodel,
and 4) the optimization submodel. The
program structure is shown in Figure 100,

[CONTRG. SPECIFICATION
OPTIMZATION

ALGORITHM

OF TRAFFIC

| NETWORK ““T‘;‘
VOLUME, SPEED,
| Yunwine wovenEnT

Figure 100. SIGOP |1{ Program Structure

INPUT REQUIREMENTS

There are 13 types of input cards available
for SIGOP l1l, a sample of the deck layout is
shown in Figure 101, A largely standardized
Input format has been designed for the
benefit of the users, Alphabetic information

is input to name the network and streets.
Most numeric data ae input in standard
4~column integer fields. A summary of the

inputs is provided in Table 24.
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Table 24 - Input Requirements For SIGOP |11

CARD TYPE

CARD DESCRIPTION

REQUIREMENTS

Identification Card

Provide general information

Run number, time, date and name of

(required) 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 |imits, optimization flag and
other control flags.

Minimum Phase
Duration Cards

Minimum green times for each
node in neiwork,

Node number and minimum greens for
each phase,

(required)
Link Cards Link geometric and Link-end node numbers, length,
(required) characteristics, no, of lanes, turn bays, § trucks,

speed, headway, lost time, weight
tactor, input flows, source/sink
flows, output flows and control
codes,

Coupled Approach
Cards (required)

Indicate links that "'share" a

common stopline and move in
paraliel,

Link-end node numbers,

Link Name Cards

Link names,

Link=end node numbers and names.

(required)

Plot Header Card Plot control card, Number of plots.

(optional)

Plot Name Card(s) 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
Cards (optional)

Phase splits not to vary.

Node numbers and splits,

Signal Timing Cards
(optional)

Initial phase splits.

Node numbers and signal offsets and
 phase durations.

End=-of ~Run

Output control information.

Number of copies of outputs, flow
scal ing factors (for up to four
additional runs) and plot scaling
factors,
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A= End-of-Run (R)

_/~ Signal Timing (0**}

7~ Fixed phase duration(0)

J/— Fiued - offsets (0)

_A=— Plot Name and Node
Interisaved (0)

2= Piot Heoder (0}

'/~ Link Name (0)

/= Coupled Approach (R+)

"~ Link(m)

A~ Minimum phase durotion(R) . 1t necessary

F~ Network (R)
2~ Identitication (R)

(R)
(0)

Required
Optional

option is employed

Figure 101. Typical SIGOP |1l Data Deck

The network structure is input by identifying
each node., Links are identified by 1ink-end
node numbers, thus a link running from Node 1
to Node 2 would be "amed" Link (1,2).
Generally, one link will exist between each
adjacent set of nodes In each direction, Iif
two-way. Turning bays are handled explicit=-
ly, rather than via separate links (e.g. as

In TRANSYT). The fiow through the network is
further identified by inputting the down-
stream node number receiving through fraffic
from each link, Only internal! links carry
traffice External links (identified by hav-
ing an external node number of 800 or

greater) serve only as input sources, or exit
sinks, and no travel occurs in these \|inks.
Neither are the 800 level nodes included in
the network. Queueing and delay do, however,
occur on external input links,

Mid-block sources or sinks may be included to
reflect the affect of parking lots,
centers, etc,

Links that share common, or parallel, move-
ments may be coupled ftogether and, thus, move
on simultaneous phases.

Volumes must be specified, both in terms of
inputs and outputs. A "primary" volume is
the through input from upstream. "Secondary"
volume is that from other upstream movements,

++Regquired it eveluatjon

shopping,
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such as turns from cross streets (excluding
sink/source flows)., Output volumes are ex-
pressiy input as to turning movement, where
the through output volume Is calculated, as
the sum of all inputs, less the sum of output
right and left turns. Since the input/output
flows are specified per link, volumes need
not "balance" from node to node. This s
convenient since data collection techniques
are rarely sufficiently accurate that volumes
do balance,

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 link in question
(say from the left, or eastbound, In the
4-phase example).

DI JI,
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e 0= =0k Z0F =0s
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raase v = (O =

r

(a)
PHASE
CODING
DIAGRAM

hlig

=50&

nr
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0=

hilf

(4)
FOUR

EANbLE

PHASE PHASE
EXAMPLE EXAMPLE

Figure 102, Phase Movement Coding Diagram

2. Determine which phases carry the through
movement from this link (e.g. @2 &
83).



Table 25 - Input Phase Codes For
Link Card

Phase(s) Servicing
Indicated Movement

Code 1 1 i v

1 X

2 X

3 X

4 X
12 X X

13 X X

14 X X
23 X X

24 X X
34 X X
41 X X X

42 X X X
43 X X X
44 X X X X
45 X X X
50 Movement is not services

3. Enter Table 25 to determine the code for

this Iink +that satisfies the phases
determined in step 2 (e.ge., code 23).
This value Is entered in the first of
three fields on the Link Card that are
provided for patterns.

4, Repeat steps 2 and 3 for left-turns
(e.g., code = 12) and right-turns (e.g.,
code = 50). These codes are entered in

the remaining two flelds of the pattern
section on the Link Card.
5. Repeat steps 1-4 for all remaining
approaches at this node, and subsequently
for all nodes,

Note that for less than three phases per ap-

proach, the code is lidentical to the phase
numbers continuing in order, thus, the user
should quickly become familiar with the

coding scheme.

The major disadvantage of this approach is
the limitation to a 4-phase cycle. Many con-
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trollers operate on five or six phases even
in fixed time operations, The advantage is
that it provides and easy to understand en-
coding scheme.

Capacities of movements are input in terms of
the numbers of lanes, start-up lost time and
minimum discharge headways., The latter
value, for a given link, Is the reciprocal of
the maximum vehicle service rate, thus users
who normally work with capacities (vphg) 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 s input in tenths of seconds, so 21
would be input.

Signal offsets and splits may be Input to
analyze preset (e.g., existing) conditions,
Furthermore, if the user desires, selective
offsets and splits may be Input which cannot
be changed by the optimization model. This
feature may be used, for example, when opti-
mizing a very large system, by segmenting the
network into groups of 80 or fewer nodes,
The "border'" street(s) could be optimized In
one segment, then fixed In the adjacent seg-
ment.

In summary, the Inputs to SIGOP Il are func-
tionally similar to TRANSYT. Both programs
have some advantages over the other in terms
of ease of coding, although SIGOP ||| appears
to have a slight advantage iIn this regard.
One minor problem with the SIGOP 11| coding
scheme Is the necessity to Indicate, on one
card, the identification of the following
card.e The codes for "next card"™ vary among
cards; thus, the user must always be atten-
tive to the "current" card.

OPERAT [ONAL SUMMARY

As noted before, SIGOP Il Is a macroscopic,
deterministic model with a fraffic submodel
and an optlImization submodel.,
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The network is formulated as a system of
nodes with unidirectional |links between
nodes, as required, External |links have

psuedo nodes, indicated by node numbers grea-
ter than 799, An example of a network Iis
shown in Figure 103.

Fligure 103,

Typical SI1GOP 111 Network

Tratfic appears on the external input |inks
and is assumed to arrive uniformly at the in-
put stop line., Within the system traffic is
assumed to fravel in platoons which disperse
over downstream links according to 1) the
time of release upstream, 2) the distance
traveled and 3) the free speeds The rela-
tionship between traffic and control s
illustrated 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 ini-
tial start-up and acceleration lost times
expire, any existing queue is assumed to dis-
charge at the saturation flow rate, The
tratfic moves in a coherent platoon along the
link, but dispersing (i.e, lengthening) as it
progresses, Robertsons' platoon dispersion
technique (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-
tiles of the traffic. The methodology for
these computations is discussed in the next
section, (Also see Chapter 9 on TRANSYT for
further information on platoon dispersion.)
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The above describes the traffic submodel
briefly, The traffic model can be exercised
for each link, given the signal timing of the
upstream and downstream nodes, The optimiza-
tTion process thus searches for a set of sig-

nal timings (offsets and splits) that mini-
mizes the "disutility function® (defined
later), By switching the signal +timing

according to a rule, the effect on traffic
flow is recalculated and the disutiility Iis
compared with the previocus value. |f improve-
ment (reduction) results, the mode! (see Fig-
ure 10,2) continues to "search" until disim-
provement is encountered, By repeatedly
evaluating changes in the disutility, due to
new signal settings, an optimal condition, or
design, can be determined. The optimization
technique Is also discussed further in the
next section,



COMPUTAT |ONAL ALGOR I THMS

From the foregoing discussion, it might ap-
pear that the computations of the SIGOP ||
model, while numerous, are somewhat trivial.
This is not the case. Several sophisticated
techniques are employed in both the traffic
submodel and the optimization submodel. In=-
deed, the calculation of splits is of inter=~
est as well. Once the signal timing has been
completed for any given iteration, the traf-
fic submodel is entered to obtain the meas-
ures of effectiveness (MOE) followed 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 submodel
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 optimization
process and are discussed later,

Unlike TRANSYT, which allows all spiits to
vary (subject to the minimum green con-
straint) to achieve the lowest value of the
objective function, SIGOP 111 calculates
minimum green requirements using Webster's
method:

(o]
L}
|
x

(c-Ly, (10. 1)

where gy = green time required to service
traffic on approach k,
Yk = critical volume/capacity ratio
for approach k,

Y = 2y,
C = cycle length, and
L = total lost time per cycle.

Then, if the sum of these green times is less
than the cycle length (e.g., ng < C), the
remaining "slack" time is allocated to the
major movements only in the optimization,
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Traffic Flow and Measures of Effectiveness
(MOE)

The salient MOE noted previously are delay,
stops and queue length, The developers of
SIGOP |1l have conducted extensive Investiga-
tions to relate the of fset/split relationship
of adjacent signals to traffic flow on the
links The entire process is too complex to
relate here, and Interested readers are re~
ferred to Reference 10,3. Critical to all
the calculations is the assumption concerning
platoon dispersion, Robertsons! method (Ref.
10.6) was found to be satisfactory (see the
discussion on platoon dispersion in Chapter
9), but to eliminate the recursion retation-
ship from the computations (and thus save
computing time), a series of studies were
performed to replace Robertson's recursion
formula with a direct estimte of the addi-
tional time required to service a platoon 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., allowing
the relatively smal! number of vehicies,
having long headways, at the tail of the
platoon to be "clipped" off) was derived as
(Ref. 10,3):

V=T -1 = (10.2)

2 2
+ + N+ L + +
a1 azN a3 (a4 a5N a6N )

where V = additional time to service the
platoon relative to the saturation
service rate,

Tp = time for a platoon of length
N=N. to pass a point located L
feet downstream of the signal,

TQ = 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)

aj = constants of regression,
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N = total number of vehicles in the
platoon,
L = distance fo the downstream point,

or the next stopline.
According fo the developers, close compari-
sons resulted from this technique when com-

pared to Robertson's approach,

This approach eliminates the step-wise simu-

lation used in TRANSYT, thus MOE must be
calculated deterministically. The current
version of SIGOP |l calculates delay similar
fo Websters method (Ref. 10.7); namely for
light flow:

ca1 - 12 X

= y (10.3)

201 = AX)  2q(1=X)
where D = average delay in sec/veh,

C = cycle length,

A = proportion of the cycle that Is

ef fectively green,
q = flow rate,
X = degree of saturation

For moderate to heavy flow the revised equa-
tion is (Ref. 10.3):

2
C(t -\ IHWX
= + -
R TE e v S Pra v (10.4)
where | = variance of the number of arri=-

vals per each cycle divided by
the average number of arrivals
per cycle;

HU)

a complex function of yu, that
shears Webster's curve through
the region where the g/s ratio
Is close to or exceeds 1.0,
where I = (sg-gC)/lsg,
g = effective green
and,

time
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saturation flow in
veh/sec; and
all other variables are as pre-

viously defined.

S

Stops are computed for each of the conditions
depicted in Figure 10.6, for example for case

1 (Ref. 10.3):
s=all+ +P +t -t +P), (10.5
\ 1 i o on 2
where S = stops in veh/sec;
O =-mean queue service rate,
veh/sec;
L = link length, ft.;
YV = link free flow speed, fps;
Py = sum of start-up and accelera-
tion lost time for platoon Py;
Py = platoon size expressed in
bandwidths, or sec, for primary
(i = 1) and secondary (i = 2)
platoons;
to = start of green at upsiream
node; and
ton = end of green at downstream

node,

Similar formulas were developed and tested
for each of the other cases.

The SIGOP 11! documentation Is not clear as
to how queue length is explicitly determined.
The necessary Ingredients are, however,
available from the queue profiles depicted on
Figure 104 and the estimetes of stops, The
maximum length is controlled by the user in
the parameters input fo the disutility func-
tion.

Finally, SIGOP 111 has the facility (if the
user so Iindicates) to automatically examine
double cycling of signals if the degree of
saturation does not exceed a threshold, also
input by the user. This Is a very convenient
method of examining double cycling.



Optimization Submodel

Most traffic signal optimization models em-
ploy some sort of iterative methodology to
arrive at the optimal design. SIGOP 1| em=
ploys a unique approach in its optimization
process,

First, the objective function (disutility
function) is defined as follows (Ref. 10.1):

min zJU = Z{DIJ + KSU. + (10.6)
- 2
5[0 Qpm ~ 217
RZ

where J|J~ = disutility on link ij during
ohe cycle;

D'J = delay on link ij per cycle,
veh~sec;

S'J = stops on link 1j per cycle,

veh-stops;

k = user specified equivalence factor
for stops;

DQ = user specified equivalence fac-

tor in veh-sec;

Q ) = estimated maximum queue length on
link ij, In feet;

R = user specified value of residual
storage desired on all |links
beyond (Q )i' to prevent spill=
back arising” from short=term
fluctuations in volume, in feet;

Zjj = the distance from the down-
stream stopline back to the pre-
vious intersection, or L,. = R,
where, LU = link Ieng‘H\; and

= a binary Index which is zero (0)

it Qmaxizij or one (1) If

Qmax > Zije
The third term, control led by the index, Is
not Involved unless the maximum queue

threatens to spill back
intersection,

into the upstream

SIGOP 111

The wuser controls the objective function
through his inpufs of the values K, DQ, and
R

The optimization process Iis aigorithmic,
rather than analytical, thus it s described
befow 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 wili
subsequently be revised in the optimization
process, The procedure used in SIGOP |1}
produces a "good" set of timings for the
network (i,e., including offsets),.

a. Transform the network into a serles of
nodes  separated by "links" whose
"length" is proportional to the two-way
volume on the "link"™ (the developers
refer to these as arcs).

b. Using a technique developed by Kruskal

(Ref. 10,8), determine the maximum
"path" through the network. That is,
construct a "tree" which includes all

nodes and is the maximum "length® of all
trees possible. Store the node sequence
of this tree.

ce For the actual
equation (Eq.
Spl[fs.

network, use Webster's
(10,1), 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 already been
processed in this manner (e.g., "brought
in" to the network).

6. Treating the current central node of the
mini-network, exercise the optimization
procedure on the current mini-network to
adjust the signal timing of the current
(central) node tfo produce the minimum
disutility in the mini-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" Initial timing
since the spanning process emphasizes the
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heaviest traveled links. |t thus reduces the
number of iterations in the network optimiza-
tion,

Step 2 - Calculate Traffic Performance and

Disutility - The Initial settings enter the
traffic model and the performance measures
and the disutility function are computed as
discussed earlier, This process is repeated
after each change of signal timing from the
optimization process.

Step 3 Gradient Search = Making use of
the known aspects of the relationship be-
tween traffic operations and control,
namely that platoons arriving primarily
during the green will result in the lowest
delay and stops (see Figure 104), the
developers of SIGOP ||l established predic-
table relationships between offsets and
splitss The assumption is made first that
the primary platoon always enters the |ink
shortly after the beginning of green at the
upstream Iintersection and the secondary
platoon enters shortiy after the onset of
red, By projecting the platoons down-
stream, an Iideal offset Is easily deter-
mined for each links A practical range of
offsets Iis 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 submodel
does a gradient search over all possible
values of offset and split to achieve the
minimum network disutility,

The last process Is functionally similar to
the hillclimb process used in TRANSYT; how-
ever, the preparation for entering the search
is so highly developed by that point, the
computer time required to conduct the search
Is greatly reduced.

do caution, that

The developers however,

there Is no guarantee that the irue global
optimum will always be achieved. (Note:
This is true of all "optimization" models

with the possible exception of MAXBAND, ref.
14,18)
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OUTPUT REPORTS

There are three general types of outputs pro-
vided by SIGOP 1il, several of which are com
prised of more than one table or plot. The
ma jor outputs are discussed separately below,.

Input Data Report

The inputs to SIGOP I1l| are reported back to
the user in a series of formatted tables., A
Link Data Input Report reflects the geometric
and fraffic 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 Split and
Signa! Timing Cards. An example of the Mini-
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 earlier) is also output by
SIGOP 111 for the convenience of the user.

Optimal Signal Settings

The signal settings determined by SIGOP |1}
(or iInput by the user if no optimization was
to be performed) are output In the format
shown in Figure 108, Note that the order of
phases Is not that fo be implemented, but
rather, phases should be implemented iIn the
order I, Il, Ili and 1V, as applicable. The
affected tinks, offset and splits are output
for each phase, This permits the relatively
easy conversion tfo yleld points after cor-
recting for clearance and interval length.

Performance Analysis

This report shows the disutility value for
each iteration of the model, and reports the
optimal, For example, In Figure 109, "“sweep"
3 was the optima!. Next are given the per-
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SIGOP III JANUARY 31,1981

ALGORITHM TO PROVIDE OPTIMAL, CYCLE-BASED, TRAFFIC SIGNAL TIMING PATTERNS
FOR THE PERIOD EXTENDING FROM 1630 TO 1730 HOURS
RUN NUMBER 3 EXECUTED ON 4/ 8/1981
ASHLEY DR ARTERIAL ANALYSIS-OPTIMUM CYCLE RANGE PM PEAK

FROM, o NODE  CFT) LN LANE LANE T MPH CSECONDSY ~ CVPHD  Gumi>~ CuPH> (veRD CVPR)  CSEG) TO LR
(800, 1 2 0 2 0 ] 5 6 1.9% 3 .5% 1.0x 572 0 0 0 76 0 150 1 1t
« 2, 1) 800 313 2 1 0 5 25 1.9% 3.5% 1.0% 644 276 Y 436 [} ° 12 250 2
« 1, 2) 3 286 2 1 0 5 25 1.9% 3.5% 1.0x% 496 0 0 20 0 0 1 150 3
(813, 2) 801 0 2 1 1 5 0 1.9% 3.5% 1.0% 751 154 0 45 276 0 2 2 2 4
« 2, 3 4 291 3 [ 0 5 25 1.9% 3.5% 1.0% 476 792 160 0 174 0 15 1 5
301, 2) 3 0 0 2 1 5 0 1.9% 3.5% 1.0x% 747 0 0 516 231 0 50 323 6
« 3, 2 1 236 2 0 1 5 25 1.9% 3.5% 1.0% 905 102 0 0 423 ] t 50 13 7
« 4, 3) 2 322 3 1 9 5 25 1.9% 3.5% 1.0% 915 143 0 93 0 [ 13 350 8
(802, 3) 312 0 2 1 1 0 0 1.9% 3.5% 1.0% 376 0 0 211 102 0 2 2 2 9
« 3, & 5 292 3 0 0 5 25 1.9% 3.5% 1.0% 1254 211 0 0 0 0 1. 50 50 10
811, &) 0 o [} 2 1 0 0 1.9% 3.5% 1.0% 490 42 0 143 389 0 56 2 211
« 5, &) 3 272 3 4 0 5 25 1.9% 3.5% 1,0% 926 0 -1 [ 0 0 1 50 50 12
« 4, 5) 6 292 3 0 0 5 25 1.9% 3.5% 1, 0% 1465 389 0 0 220 0 150 113
« 6, 5) 4 338 3 1 0 5 25 1.9% 3.5% 1,0% 1001 40 0 115 0 0 12 2 50 14
« 5, 6) 7 237 3 1 0 5 25 1.9% 3.5% 1,0% 1634 0 0 5 0 0 13 3 50 15
(809, 6) 803 [ 2 0 0 0 0 1.9% 3.5% 1.0x% 135 114 0 40 209 0 2 2 216
« 7, 6 5 243 3 0 0 5 25 1.9% 3.5% 1.0x 931 70 0 0 0 0 150 1 17
« 6, 7 8 348 3 0 1 5 25 1.9% 3.5% 1.0% 1629 209 0 0 226 0 150 1t 18
(804, 7) 808 0 3 1 0 5 25 1.9% 3.5% 1,0% 636 0 0 229 70 0 2 221
« 8 N 6 288 3 ] ¢ 5 25 1.9% 3.5% 1,0% 895 36 0 0 0 0 150 50 20
« 7, 8) 806 284 2 1 0 5 25 1.9% 3.5% 1.0% 1623 229 0 263 0 0 12 2 50 21
(807, 8) 805 0 2 ¢ t 5.25 1.9% 3.5% 1.0% 480 110 0 36 259 0 3 3 322
(806, 38) 7 0 3 0 1 5 25 1.9% 3.5% 1.0% 1029 0 0 9 134 0 150 123

Figure 105. SIGOP 111 Link Data Input Data Report

MINIMUM PHASE DURATIONS (SEC)

NODE PHASES

I II II1 v
1 14 23 0 ]
2 23 23 23 0
3 14 23 10 0
[ 14 23 0 0
5 14 23 0 6
6 14 23 10 0
7 14 23 0 0
8 14 10 23 0

Figure 106, SIGOP 11t Minimum Phase Duration Report
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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 L0SS5=3.5 SECONDS DISCHARGE HEADWAY=1.9 SECONDS

WEIGHT ASSIGNED TO VEHICLE STOPS IS 5
VALUE OF PERCENYT SATURATION BELOW WHICH A NODE MAY BE DOUBLE~CYCLED IS 25 PERCENT
MIN. DURATION OF HALVED CYCLE LENGTH IS 0 SEC.
MIN. DURATION OF MINOR PHASES IS 10 SEC.
THE MAXIMUM DISUTILITY ARISING FROM A QUEUE EXTENDING THE FULL LENGTH OF A LINK IS 200 VEH-SECONDS (EQUIV.)
RESIDUAL STORAGE THRESHOLD IS 90 FEET
SATURATION CODE= ] CONTINUITY CODE=25 CONVERGENCE CODE= ¢ PROCESSING CODE=0
*WARNING* SECONDARY VOLUME ON LINK ( 2, 3) IS TCO HIGH. CONTINUITY VIOLATED BY 65 PERCENT
NUMBER OF OUTPUT COPIES- 1
ADDITIONAL RUNS (IF ANY) WILL APPLY THE FOLLOWING PERCENTAGES OF THE INITIAL VOLUMES- 0 9 [ 0

% % % THERE WERE A TOTAL OF 0 INPUT ERRORS % X X
NOSC 7 20 20

Figure 107, SIGOP 11| Network wide Input Data Report

METWORK-WIDE SIGNAL SETTINGS
SWEEP NUMBER 3

NODE PHASE APPROACH LINKS OFFSET DURATION SPLIT CYCLE CONGEST

(SEC) (PCT) (SEC.) (PCT.> (SEC.) (1,0)

1 I (800, D ¢ 2, D 12 an 36 51 70 0,MAJR
1 I Czn a8 (69) 34 49 70 0.MAJR
I ¢ 1,2) ¢ 3,2 37 (53) 23 33 70 0,MAJR

H I (813 2 &0 (36) 24 34 70 0, MAJR
Ir 32 (a0, 2 16 (20) 23 33 70 0, MINR

3 1 TR SR O\ 10 (18) 32 46 70 0, MAJR
3 11 (802, 3 42 (60) 28 40 70 0, MAUR
3 I 3 0 L (0 10 16 70 0, MINR
s € 3,6 (5 & 6 (9 33 47 70 9,MAJR
s I (811 &) 39 (56) 37 53 70 0, MAJR
5 1« 5 ( 6, 5 28 (40) 42 60 70 0,MAJR
5 I ¢ 6 5 ! ¢ C0 28 0 70 0, MAJR
6 1 & ¢ 7, 6 10 (14) 27 39 70 0, MAJR
¢ I (809, &) 37 (53) 33 a7 70 0, MAIR
¢ 111 6 0 (o 10 14 70 0 MINR
7 C 67 ( 8D 36 (51) 46 66 70 0. MAJR
7 I (804, 73 ' 12 an 24 34 70 0, MAIR
I ¢ 7,8 (806, 8) s« D 37 53 70 0. MAJR

s 11 (807, 8) 31 (44) 23 33 70 0, MAJR
IC e 21 GO 16 14 70 0, MINR

THE FIRST TWO PHASES ARE THE MAJOR PHASES SERVICING THE INDICATED APPROACHES
THE REMAINING PHASES (IF ANY) ARE THE MINOR PHASES

Figure 108. SIGOP 111 Optimal Signal Settings Report
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SYSTEM DISUTILITY

SWEEP DISUTILITY
1 93009
2 36746
3 20314
4 20469
5 42171
6 32091
7 38263
SWEEP NO. 3 PROVIDES MINIMUM DISUTILITY, 20314, AT A CYCLE OF 70 SECONDS
VEHICLE-MILES/HOUR=  963.9 VEHICLE-HOURS/HOUR=  55.4 MEAN SPEED=17.39 M. P. H. STOPS/MINUTE= 24
LINK VOLUME EFF. SPEED DELAY STOPS CAPACITY PERCENT MAX IMUM FUEL
FROM, TO (P.C.U./HR.) (M.P.H.) (SEC./P.C.U.) C(PER MIN.) (P.C.U./HR.) SATURATION QUEUE  (GAL./HR.)
« 2 1 976 16.2 4.7 3.4 4474 22 4 4
« t 2 526 17.7 3.2 0.0 1646 32 0 2
« 2, ¥ 1559 14.9 5.4 2.6 2366 66 3 7
Figure 109, SIGOP || Performance Report
ASHLEY DRIVE ARTERIAL TIME SPACE PLOT USING SIGOP II
HORIZONTAL SCALE 1 INCH= 30 SECONDS CYCLE LENGTH= 70 SECONDS PHASE A ~ PHASE € - ... (LAG)
VERTICAL SCALE 1 INCH= 500 FEET PHASE B - PHASE D - ¥x% C(LEAD)
TIME (SECONDS)
0 30 90 120 150 180 210 2490 270
I
« 1 0 0#==== ==zszzzzz== zzsszzzz
I
I
I
KENNEDY( 2} 286 T222T3000660 TTTTTTTTINNNNN ===z z== "% ===z
I
I
500+
MADISONC 3) 577 b 1 ] IETTTTISSNNE SIZSSSSSSSENX SSESSSSETNNN sSszssssssx

TWIGGS( &) 869
1000

« 5 1161

POLKC 6) 1398
1500

CASSC  7) 1746

2000

TYLERC &) 2030

2t 00 46 0t e Ot B 0t Bt e B g 1 g Bt e g P e e 84 0

Figure 110, SIGOP 11| Time-Space Plots
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formance values for each link and the network
total. The MOE are:

Yolume {(vph)

Average Speed (mph)
Delay (sec/veh)

Stops (per minute)
Capacity (vphg)

Degree of Saturation (%)
Max imum Queue (veh)

Fuel Consumption (gal/hour)
Total Emissions (16/hu.)
Hydrocarbons

Carbon Monoxide
Nitric Oxide

0O 000000 O0O0

Finally, the user specified time-space plots
are issued, as illustrated in Figure 110,

Diagnostic Messages

SIGOP 1l1 performs extensive checks on the
input data to identify obvious errors. ODur-
ing execution of the model other errors may
be detected, such as excessive saturation,
There are a total of 52 error messages in the
|ibrary., Some of these also advise the user
on a course of action, if applicable, In all

cases, the messages, cause and corrective
action required are well documented (Ref,
10.1).

ADDITIONAL FEATURES

As already noted, SIGOP {1l can handle multi-

phase signals (up to four phases) and can
automatically Iinvestigate the advantage of
double cycling signals that have a low degree
of saturation (thus extensive delay, stops
and queue length),

SIGOP 1il can be used purely as an analysis
tool to evaluate alternative timing plans
der ived from sources other than the SIGOP |11
optimization or to examine alternative pat-
terns. Naturally, the user must code and run
each alternative and evaluate the results
manual ly,

Up to five runs may be executed per cycle
length with no Iimit on the number of cycles
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optimizeds This enables the user to investi-
gate the effect of changing frend in traffic
demand. Although timited fo 80 signals and
230 links, the documentation describes how to
expand the capacity of the program.

APPLICATIONS AND LIMITATIONS

SIGOP |1l is a powerful design and analysis
tool for the engineer concerned with coordin-
ated signal systems. Functionally, both
SIGOP 111 and TRANSYT are quite similar, both
with unique properties not available in the
other, For example, inclusion of maximum
queue length in the objective function is an
important advantage in SIGOP |11,

There are several items that would be con-

sidered as |imitations in SIGOP !1li, These
are listed below,
1. The limitation to four phases in the

cycle cannot adequately serve some users.
Up to six phases are not uncommon in many
systems,
There is no provision for bus links in a
SIGOP 111 analysis,
3. Permissive and unprotected turns are not
addressed explicitly by SIGOP til. While
this is frue of other models, the user is
often able to "model" such conditions by
restricting the capacities of such move-
ments. This is not possible in SIGOP 11,
However, permissive and unprotected turns
are accounted for within the model.
4, The model does not explicitly deal with
minor iIntersections (e.g., stop sign con-
trol).

In summary, SIGOP Il has, as do all traffic
models, several Ilimitations and disadvan-
tages. Nonetheless, the complexity of the
optimization technique makes this model some=-
what faster in terms of running time. The
multiple cycle length capabllity Is clearly
an asset, which can save the designher a con-
siderable amount of time that would ordinar-
ily be spent In generating numerous jobs.
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Figure 111. SIGOP (1] Link-Node Diagram Ashiey Drive
EXAMPLE APPLICATION tem. The existing conditions were coded on
standard forms which are available from the
Implementation Division (HDV-21) of FHWA.
The previous Ashley Drive arterial signal The forty (40) lines of coded Input data re-

MADISON e

system was used to illustrate the application

of SIGOP Iil. The following describes the
use of SIGOP il for this existing signal
system.

Problem Description

As with the previous example the basic
probiem is to determine if a change in signal
timing can be impiemented along Ashley Drive

that will result in improved traffic opera-
tion, SIGOP 1il will be used to model exist-
ing signal timing and develop alternate

signal timing plans for evaluation,
Analysis of Existing Conditions

The first step was the preparation of a link-
node map to assist in coding the network,
This diagram is shown in Figure 111, Unlike
TRANSYT, which uses a Ilink number, SIGOP
defines a link 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 Intersections. A total of 32 one-way
links were used to describe the street sys-
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quired to reproduced existing conditions is

shown on Figure 112,

The data were keypunched and the data deck
submitted for model execution, Figure 113
il lustrates the output obtained for existing
condi tions.

Def ine and Anaiyze Alternatives

Once the existing conditions have been coded,
and results from the model have been accepted
as representative of the existing operations,
the data can be modified to define alterna-
tives. In order to define and obtain alter~
native signal timing plans only two cards
need to be changed: (1) the identification,
or title card, and (2) the neitwork conirol
card, For the purposes of this example ap-
plication signal optimization runs were re-
quested for each even cycle length between 70
seconds and 98 seconds (as was done for
TRANSYT=7F).

Figure 114 shows the performance tfable for
the optimum 88 second cycle. Similar tables
were obtained for each cycle length,
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Input Data for Ashley Drive (Existing Conditions) (Continued).

Coded SI1GOP

Figure 112,
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SIGOP III JANUARY 31,1981

ALGORITHM TO PROVIDE OPTIMAL, CYCLE-BASED, TRAFFIC SIGNAL TIMING PATTERNS
FOR THE PERIOD EXTENDING FROM 1630 TO 1730 HOURS
RUN NUMBER 1 EXECUTED OR 4/ 871981
ASHLEY DR ARTERIAL ANALYSIS- EXIST. CONDITIONS PM PEAK

LINK RECV LNGTH NO L-PK R-PK TRK SPD HDWY LST WT. PRI-VOL SEC-VOL S5/5-VOL L~TRN R-TRN RED-CLR CIDES L
FROM,TO NODE (FT) LN LANE LANE PCT MPH (SECONDS) (VPH) (VPH) (VPH) (VPH) (VPH) (SEC) T L R
(800, ) 2 0 2 0 0 5 0 1.9% 3.5% 1.0% 572 0 9 ] 76 0 150 ¢+ 1
« 2, 1) 800 313 2 1 0 5 25 1.9% 3.5% 1,0% 644 276 0 436 0 0 12 250 2
«C t, 2) 3 286 2 1 0 5 25 1.9% 3.5% 1,0x 496 0 ] 20 0 0 1 150 3
(813, 2) 801 0 2 1 1 5 0 1.9% 3.5% 1.0x% 751 154 0 45 2746 0 2 2 2 &
« 3, 2) 1 286 2 0 1 5 25 t.9% 3.5k 1.0x 905 102 0 0 423 0 150 13 5
(801, 2) 3 0 0 2 1 5 0 1.9% 3.5% 1,0% 747 0 Y 516 231 [ 50 323 ¢
« 2, 3 4 291 3 0 0 5 25 1.9% 3.5% 1.0% 476 792 160 0 174 0 15 1 7
¢ & 3 2 322 3 1 o 5 25 1.9% 3.5% 1.0% 915 143 0 93 0 0 13 350 8
(802, 3) 812 0 2 1 1 [ 0 1.9% 3.5% 1.0% 376 0 0 211 102 0 2 2 2 9
¢ 3, &) 5 292 3 0 0 5 25 1.9% 3.5% 1,0% 1254 21 0 0 0 0 1 50 50 10
(811, &) 0 0 0 2 1 0 0 1.9% 3.5% 1.0% 490 42 ] 143 389 0 50 2 2 11
¢ 5 4) 3 272 3 0 0 5 25 1.9% 3.5% 1.0x 926 0 =11 0 0 0 1 50 50 12
« 4, 5) 6 292 3 0 0 5 25 1.9% 3.5% 1.0x% 1665 389 0 o 220 0 150 113
¢ 6, 5) 4 338 3 1 4 5 25 1.9% 3.5% t.0x 1001 40 0 115 0 0 12 2 50 14
¢ 5, 6) ? 237 3 1 0 5 25 1.9% 3.5% 1,0% 16364 0 0 5 o 0 13 3 50 15
(809, 6) 803 0 2 0 0 0 0 1.9% 3.5% 1.0% 135 114 0 40 209 [ 2 2 2 1¢
« 7, 6) 5 243 3 0 0 5 25 1.9% 3.5% 1.0% 931 70 0 0 0 0 150 1 17
« 6, 7) 8 348 3 0 1 5 25 t.9% 3.5% 1.0x 1629 209 0 0 226 0 150 1t 18
(804, 7) 808 0 3 1 0 5 25 1.9% 3.5% 1.0% 636 0 0 229 70 0 2 2 21
« 8 7) 6 288 3 0 0 5 25 1.9% 3.5% 1,0x% 895 36 0 o 0 0 1 50 50 20
¢ 7, 8) 806 284 2 1 0 5 25 1.9% 3.5% 1,0% 1623 229 0 263 0 0 12 250 21
(807, 38) 805 0 2 0 1 5 25 1,9% 3.5% 1,0% 480 110 0 36 259 ° 3 3 3 22
(806, 8) 7 0 3 0 1 5 25 1,9% 3.5% 1,0% 1029 0 0 0 134 0 150 123

MINIMUM PHASE DURATIONS (SEC)
NGDE PHASES

I 11 111 v
1 14 23 0 0
2 23 23 23 0
3 14 23 10 0
4 16 23 4 0
5 14 23 0 0
[} 14 23 10 0
7 14 23 0 0
3 14 10 23 L}

Figure 113. SIGOP I{| Output Report for Existing Conditions on Ashley Drive,
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CYCLE LENGTHS-

MINIMUM= 90 SEC.

SPECIFIED NETWORK-WIDE PARAMETERS
MAXIMUM= 90 SEC.
CODE FOR DOUBLE-CYCLING =

NETWORK-WIDE START-UP L05S=3.5 SECONDS
MEIGHT 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
MIN. DURATION OF MINOR PHASES IS 10 SEC.

DISCHARGE HEADWAY=1.9 SECONDS

0 SEC.

INCREMENTAL CHANGES=108 SEC.

THE MAXIMUM DISUTILITY ARISING FROM A QUEUE EXTENDING THE FULL LENGTH OF A LINK IS 200 VEH-SECONDS (EQUIV.)
90 FEET

SATURATIO
¥WARNINGH

NODE NUMBER

L IEEVERE ST I A Y

N CODE= ]

SECONDARY VOLUME ON LINK (

PROGRAM WILL DETERMINE NETWORK DISUTILITY FOR THE FOLLOWING SIGNAL TIMING
SPECIFIED SIGNAL TIMING PATTERN
DURATION OF

PHASE I
(SEC)

OFFSET REF
T0 PHASE

&7
52
40
41
39
59
63
52

i

RESIDUAL STORAGE THRESHOLD IS
CONTINUITY CODE=25
3) 1S TOD HIGH.

26
27
47
52
63
48
(1]
38

DURATION OF
PHASE II
(SEC)

64
40
29
38
27
28
26
29

NUMBER OF OUTPUT COPIES- |

CONVERGENCE CODE= 4
CONTINUITY VIOLATED BY 65 PERCENT

]
23

PROCESSING CODE=0

DURATION OF
PHASE III
(SEC)

ADDITIONAL RUNS (IF ANY) WILL APPLY THE FOLLOWING PERCENTAGES OF THE INITIAL VOLUMES-

NOSC 1

NODE

~~ oo (LI >0 o [NETY

Figure 113,

LI I ]
1
PHASE

(800, 1)
11 ¢ 2, 1)
1 « 1, 2)
11 (813, 2)
111 3, 2)
1 ( » 3)
11 (802, 3)
111 4 » 3
1 4 » )
11 (811, 4)
1 ( 4, 5)
11 ¢ 6, 5)
1 C 5, 6)
11 (809, 6)
111 ( » 8)
1 « 6, 7)
11 (804, 7)
1 7, 8
111 (807, 8)
11 € 7,8

THE FIRST

TWO PHASES ARE THE MAJOR PHASES SERVICING THE INDICATED APPROACHES
THE REMAINING PHASES (IF ANY) ARE THE MINOR PHASES

THERE WERE A TOTAL OF

0 INPUT ERRORS

NETWORK-WIDE SIGNAL SETTINGS

APPROACH LINKS

¢ 2,

« 3,
€301,

« 8,

(806,

1}

2)
2)

3)

L}]

5)

6)

7)

8)

NUMBER

OFFS
(SEC)

47
73

52
79
29

39
12
59
17
45
63
37

52
29
6

ET
(PCT)

(52)
81

e
wWos
R os O
~

~
No o
vy y
-

713
~~

~
-

Lol
~—

~~—
Wao

owe
~

~n
o
-

——

(53
(32
«o

-

DURATION

(SEC.)

26
Y

27
40
23

47
29
14

52
33

63
27

32
23
29

DURATION OF
PHASE 1V

(SEC)

SPLIT

(PCT.)

29
71

30
o
26

52
32
16

58
42

70
30

53
31
16

CYCLE
(SEC.)

9"
”

"
"
990

0
”
”

"
”

0
”°

”
”°
0

CONGEST
(1,0)
0,MANR

0, MAJR

S, MAJR
9. MAJR
0, NINR

0, MAJR
0, MAJR
0, MINR

0, MAJR
0,MAJR

4, MAJR
8,MAJR
6, MINR
0,MAJR

0, MAJR

0, MINR

SIGOP 111 Output Report for Existing Conditions on Ashley Drive (Continued).
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SYSTEM DISUTILITY

SWEEP DISUTILITY
1 83120
SWEEP NO. 1 PROVIDES MINIMUM DISUTILITY, 83120, AT A CYCLE OF 90 SECONDS
VEHICLE-MILES/HOUR= 963.9 VEHICLE-HOURS/HOUR= 83.0 MEAN SPEED=11.61 M. P. H. STOPS/MINUTE= 102
LINK VOLUME EFF. SPEED DELAY STOPS CAPACITY PERCENT MAXIMUM FUEL
FROM, TO (P.C.U./HR.) (M.P.H) (SEC./P.C.U.) (PER MIN.) (P.C.U./HR.) SATURATION QUEUE (GAL./HR.)
« 2, 10 976 17.0 4.0 2.7 4960 29 4 4
« 1, 2 526 8.1 3.0 0.0 1520 35 0 2
« 3 2 1180 12.2 8.2 4.0 2000 59 6 6
< 2, 3 1559 1.9 8.7 2.7 2800 56 4 8
« & 3 1122 6.1 27.4 2.0 3920 29 2 10
« 3 & 1553 20.0 2.0 13.3 3120 50 7 6
« 5 & 971 5.0 29.8 1.3 3120 31 b 3
«C 4 95 2023 13.9 6.4 18.7 3800 53 9 9
« 6, %) 1103 18.1 3.5 2.0 6000 18 3 5
< 5 6) 1732 17.¢ 3.0 0.0 3960 44 0 5
« 7, 6 1061 21,2 t.2 0.7 2840 37 0 3
«C 6, N 2008 3.0 20.3 41.3 5160 39 1" 16
« 8 N 987 17.8 3.2 0.0 3880 25 4
«C 7, & 1963 12.6 7.6 3.3 3240 61 5 9
TOTAL FUEL CONSUMPTION FOR THIS TIMING PLAN IN GALLONS PER HOUR IS 95.
TOTAL EMISSIONS FOR THIS TIMING PLAN
HYDROCARBONS 19 POUNDS ~ HOUR
CARBON MONOXIDE 202 POUNDS 7/ HOUR
NITRIC OXIDE POUNDS / HOUR
EH!SSIONS WILL INCREASE AS THE
BIENT AIR TEMPERATURE DROPS
LO D AT ELEVATIONS
ADOVE 4000 FT.
EMISSIONS WILL BE LOWER IN CALIFORNIA.
ASHLEY DRIVE ARTERIAL TIME SPACE PLOT USING SIGOP II
HORIZONTAL SCALE ! INCH= 30 SECOND: CYCLE LENGTH= 90 SECONDS PHASE A = BLANK PHASE € - ... (LAG)
VERTICAL $CALE 1 INCH= 500 FEET PHASE - s===3 PHASE D - %% (LEAD)
TIME (SECONDS)
0 30 60 90 120 150 180 210 240 210
+ + 1
¢ 1 0 Qg¢s=========zz=ssSss =sssssssEssIzzEsIsoIss 1
1 I
1 I
I I
I I
KENNEDY( 2) 286 % zzz=3s ==sz=s3 L] TT==ITTSEITISTIAMNNENN i
1 1
500+ 1
MADISONC 3) 577 %-':::::::lnnl TSSESTITTTRMMNN ====§
1 I
1 I
1 1
TRIGGSC &) 869 I Zzszzz=z=ssEss =sssssssssE=s ==§
1000+ I
1 1
1 1
( %) 1161 1 smsssszzx zz=z=z===33 1
1 1
1 1
1 I
POLKC §) 1398 1 STTSETTTTHNNNN Szzz===zoNERNX 1
1500+ 1
1 1
I 1
1 1
CASSt 1) 1746 1 s==3zsz== 1
I 1
1 I
I I
2000+ I
TYLERC " 8) 2030 ) PR Crsriaaeen B ¢
1 1
1 I
1 1

BEST CYCLE LENGTH SO FAR IS 90 SECONDS

Figure 113, SIGOP II| Output Report for Existing Conditions on Ashley Drive (Continued).
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11 29750

SWEEF NO. 7 FROVIOES MINIMUM DYSUTILITY. 16866+ AT o CYCLE OF 988 SECoNOS

VEHIZLI-MTLES/ZHOUR:  963.8 VEKICLE-HOURS/HOLR: 53,7 MF AN SPEEDZ17.96 Me Po M. STOPS/MINUTFz 3¢
LIk VOLUME €EFF., SFEED OELsY STOPS CaPeCITY PERCENT MAXTHUR FUEL

FaooM, 10 (PeColUs/HR o} (K oF o Ha) ISEC. /P. Celed tPER MIN.)  (P.CoUs/HR L) SOTURMTION SUEVE (6L 7HR .Y
t 2. 1 9a1s 10.8 11.3 [ X33 a500 22 6 €
t 1, ) s26 18.1 3.0 0.0 1Ray 29 [} 2
€ 30 1180 18.8 2.6 2.7 2332 s1 0 ]
2y 1559 15.4 6. 0.0 2986 52 [} 7
t &% 3 1122 20.7 1.8 0.7 3208 29 1 5
t 3. W 1553 20.8 1.6 0.0 2332 67 ° 13
t 5 W) 873 21.1 1.4 0.0 2332 a2 0 3
t a8 2023 19.5 2.2 13.6 3682 5% 7 ]
t 5» 5 1103 20.6 2.0 2.0 [1.1.13 18 3 5
¢ S+ €1 1132 18.1 2.8 0.0 3027 57 o H
« 7. B! 1061 ?t.2 1.2 0.0 2209 ag [ 3
t §¢ N 20c8 2€.9 1.9 0.0 wlas L 0 9
t 8. TN 987 17.8 3.2 0.0 3SS9 28 [} .
t 7. ¢ 1963 14,7 S.a (1Y) 2618 7% 7 [}

TEYAL FUEL CONSUMFYTON FOR THIS YIMING PLON IN BSLLONS PER HOUR IS 75

10741 EMISSIONS FOR THIS TIMING PLON EMISSIONS WILL INCREASE S THE

AMBIFNT JIR TEMFFRATURE ORUFS

+YOROCARBONS 14 FOUNGS / HOUR BFLOW 8C F #ND 8T ELEVOTIONS

CoRPBNN MONDXIDE 139 FUUNDS 7 HOUR ¢BOVE #CO0 FT.

MTRYC OXIDF 7 FOUNDS / HOWR

EMISSIONS WILL BF LOWER IN COLIFORNIA.

ASHLFY ORIVF ARTERIAL TIME SPACE PLAT USING SI6OP II

MORTZONTAL SCALE 1 INCH= 30 SECONDS CYCLE LENBTH= 88 SECUNDS PHISE & - BLENK PHASE C = ose (LIG)

VERTICIL SCHLE 1 INCH= SO0 FEET PHASE B - ==z=:= PHASE O - eee (LFID}
TIME (SECONDS)

0 30 60 920 120 150 100 210 240 270

e gmrmmm e

P R Y s R E L L R e -
1 1
t 1) [ [ =srzzs==szzozzs 1
1 1
I 1
1 I
1 b ¢
KEANECYL 21 286 1 I
1 T
1 1
500+ v
FACISCME M) 577 Tes e SIZ=ITIzsese —==zzTIrszess §
I
I I
1 1
I 1
THIS3SE w) 869 I T
1 I
1000+ b4
1 1
1 T
" <) 1161 1 I
1 I
1 1
1 1
FOtxi{ €1 1398 1 TTIZZZZISZIzzeess z====2z
1500+ T
1 I
I 1
1 1
casst 1) 1786 I Ssssssse=s seszmezcos 1
1 1
1 y
1 1
2000« 1
TYLERE &) 2030 seeeeIITITICICS sessaczl
1 1
I 1
1 T
Figure 114, SIGOP |11 Performance Table for Optimal Cycle Length (88 Seconds)

for Ashley Drive.
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Table 26 = Comparison of SIGOP ||

| Alternatives For Ashley Drive

Fuel
Cycle Mean Stops Consumption

Alternative Length Disutility Veh=Hrs Speed (mph) per min, (Gals.)
Existing 90 83,120 83.0 11.61 102 95
1 70 20,314 55.4 17.39 24 75
2 72 21,050 54.7 17.61 30 74
3 74 24,203 56.4 17.10 30 75
4 76 19,753 56.0 17.22 17 75
5 78 18,715 54.6 17.64 21 73
6 80 30,488 60.9 15.83 29 77
7 82 31,544 60.0 16405 33 71
8 84 23,764 5643 17.11 30 74
9 86 16,472 54.2 17.80 16 74
10 88 16,466 53,7 17.96 30 75
11 %0 26,800 58.0 16,61 30 75
12 92 21,874 562 17.14 22 74
13 94 19,417 54,5 17,68 27 73
14 96 28,519 59.3 1626 28 78
15 98 53,045 69.5 13.87 54 85

Evaluation of Results

Table 26 provides a comparison of the measure
of effectiveness (MOE's) obtained for each
two second cycle length which was evaluated
between 70 and 98 seconds, as well as the
existing 90 second cycle length,

Unilike TRANSYT-7F, which indicated that as
cycle length increases the stops, delay and
travel time generally Increases, the MOE's
for SIGOP 11t signal timing plans varied, but
with minimum disutility occurring for the 88
second cycle. The next best cycle length was
86 seconds, followed by 78 seconds and 94
seconds,

The optimum plan developed by SIGOP |l re-
sulted in a reduction of 35§ In arterial
vehicle hours of tfravel and a 70% reduction
in stops per minute (from 102 to 30), Most
significant was a reduction in fuel consump~
tion of from 85 gals/hr, to 75 gals/hr. or
21%.

Summary of Work Effort Required

The following summarizes the effort required
to use SIGOP It!| for this problem.
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Data Collection - The data required for SIGOP
11l was readily available from the city's
files.

Data Coding - Data coding was rather
straightforward. The exception was traffic
volumes, which required some manual manipula-
tion., However, the existing conditions data
were coded within approximately two hours,
with less than one hour required for identi-
fying and correcting coding errors. Two runs
were required to obtain final data.

Computer Time - Execution time on the IBM
360/370 varied from 0.72 seconds for existing
conditions to between 5 and 6 seconds for
each optimization run per cycle length eval-
vateds 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 models
described in this Handbook are of the macro-
scopic type. Many models serve the dual pur-
pose of analysis (i.e., simulation) and
design (l.e., optimization). Those which
perform macroscopic simulations or determin-
istic estimates (e.g., SOAP, TRANSYT-7F and
SIGOP 111) contain deterministic traffic flow
models that are based on theoretically ac-
ceptable traffic behavioral concepts. These
necessarily only predict what might be
referred fo as "average conditions" because
they assume homogeneous, non-varying traffic
operations, Such predictions are often
acceptable for analyzing signal design and
geometric configurations for the purposes of
evaluation of various alternatives,

Frequently, however, the engineer needs to
analyze potential designs more rigorously
than the macroscopic models ae able to

achlieve, or they need to consider the sto-
chastic variations of traffic flow. Addi-
tionally, a highway network may contain a mix
of geometric, control and traffic management
strategies which exceed the capabilities of
the macroscopic models (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 s
automatically el iminated (except, perhaps, to
perform a post-implementation vs. pre-imple-
mentation evaluation).

Microscopic simulation is the logical choice.
This class of model is necessarily more com-
plex than macroscopic models, both in terms
of computations and data management, as well

209

Figure 115,

Arter lal Signal System

as input requirements. One such model, the
TEXAS model, has already been discussed In
Chapter 5, TEXAS is a single, isolated in-
tersection modei, Obviously, the vast major-
ity of intersections in an urban area form
neitworks in which the signalized (and unsig-
nalized, for that matter) intersections are
interrelated--that is, 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
Urban Traffic Control System model, referred
to as UTCS~1 (Reference 11,1), developed by
Peat, Marwick, Mitchell and Co,, for FHWA
based on two earlier modeis, DYNET and TRANS.
The model was extended by KLD and Associates
(and others) for FHWA and the name of the ex~
tended model was changed to NETSIM to reflect
Its new characteristics as part of the TRAF
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-
tlonss The modular 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 built-in default values to
minimize local calibration,

NETSIM Is designed primarily to provide the
engineer with a powerful analysis tool +to
test complex network problems., It is parti-
cularly well suited for analysis of dynami-
cally controlled (l.e., real-time) traffic
control systems, which cannot be analyzed
macroscopically because of the highly vari=-
able nature of their operation (analysis of
real-time control systems requires special
programming of the particular real time logic
to be simuiated, 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 model,
Thus, the utility and useful life of the
model can be expected to be both current and
reiiable,

MODEL DESCRIPTION

NETSIM, which is an abbreviation (see explan-
ation of the naming of TRAF models in Chapter
14) for NETwork SiMulation model, composed of
the prefix NET for surface street network and
the suffix term SIM for microscopic
simulation. It is written in FORTRAN |V for
IBM 05/360/370 and CDC 6600 computer systems,
The current version contains 74 separate
routines with a total of approximately 11,000
executable FORTRAN statements and 84 data

blocks. The total program length, including
comments, continuations, etc., 1Iis 14,000
records, The <core requirement varies

slightly, but (IBM) computers with 280k bytes
should be able to execute NETSIM with
overiays., (Note: As of this writing, the
preprocessor subroutine is very long and may
not compile on many computer systems. A
modified version 1is being developed which
will overcome this problem,)
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Table 27 -
Major Features of NETSIM Model

MICROSCOP IC, STOCHASTIC SIMULATION OF
INDIVIDUAL VEHICLE MOVEMENTS

SIMULATION OF FULL RANGE OF CONTROL
FEATURES, INCLUDING:
- "Stop" and "Yield" Signs
Turn Controls
Parking Controls
Fixed-Time Signals
Vehicle-Actuated Signals
Real~Time Traffic Control
Surveil lance Systems

and

MODULAR STRUCTURE INCORPORATING DETAILED
TREATMENT OF:

Car Fol lowing Behavior

Network Geometry

Grades

Bus Traffic

Queue Formation

Intersection Dlscharge

Intra=Link Friction and Mid-Block
Blockages

Pedestr ian-Vehicular Conflicts

PROVISION FOR FLEXIBLE MIX OF STANDARD
OUTPUT MEASURES

Execution time is highly variable, it de-
pends upon the number of |links, nodes and
vehicles to be simulated. Depending on the
complexity, the efficiency may range from

about 1:13 (seconds of computer time to sec~-

onds of simulated time) to nearly 1:1, but
averages about 1:2 on large applications.
Cleariy, large, complex systems will require

extensive computer time (although run time is
much better on CDC and Burroughs computers),
Run time is most sensitive to the number of
vehicles simulated.

The model
tion of

Is based on a microscopic simula-
individual vehicies which are moved
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through the system along the links, according
to specifled controls at nodes (intersec-
tions), stochastically determined turning
movements and deterministic car following.
No set paths. are modeled as turning movements
are purely random,

The model can investigate a wide mix of traf-
fic control and traffic management sirate-
gles, including fixed or actuated signal con-
trol, and sign control; speclal-use (l,.e.,
turn) and general-use lanes; and standard or
channel ized geometrics.

The capacity of the model may be expressed in
the maximum number of nodes (99), |inks (160)
and vehicles (1600 in the network at any

instant),
The model contains itwo major modules which
are:
o Preprocessor - reads and checks input
data

o Simulator - the main simulation model

INPUT REQUIREMENTS

In light of the complexity of the model'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 manual analyses necessary, maxi-
mized effective use of the Input data, and
simplified mod | fication procedures for
"embedded" Inputs,

The basic model input Is a coded street net-
work which must be accompanied by information
about the system traffic control(s) to be
studied, Average flow rates must be speci-
fied for both the "entry links™ on the peri-
phery of the network and the "source/sink"
nodes within the network. In addition, pre-
sumed performance characteristics which may
include such things as gap distributions,
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discharge rates, etc,, must be input for the
traffic movements along each link and through
each intersection approach,

The input data may be classified in two ways,
First, a distinction is made between charac-
teristics which are considered to be "loca~
tion-specified", that is unique to a particu-
lar link (or node), or '"network-wide" con-
stants that apply to all points within a
network.

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 Iinputs must be specified by
the user for each application, and must be
read into the model wusing Input control
cards, Embedded inputs are directly incor-
porated within one or more of the main simu-
lation routines, The embedded data may be

changed to suit the user's particular
requirements,
The following Is a list of the card input

requirements grouped by function for the
NETSIM mode! (some of these being optional):

o Identiflication cards - title and network

name cards

o Link cards - link name, link geometry,
I ink operation, link turning movements,
and opposing | Ink identification
cards

o Signal cards ~ fixed-time signal and

traffic actuated signal cards

o Flow rate cards

o Control cads -~ execution control,
network priming and simulation control
cards

o Surveillance cards;

o Bus system cards =~ path,
bus route, bus flow
cards;

bus station,
and dwell TtTime

o0 M"Rare" event cards
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Simulation Control Card
Blocks 4and 5 ‘ BLOCKS ¢4 this sub -interval
are repeated for
each subsequent /o
simulation
sub-interval

All data cards(in any order)that are
BLOCK 4 needed toenter data changes for
the next simulation sub-interval.

Simulation Control Card
BLOCK3 for tirst sub-interval

/" Allqoomod tric data and other data
cards pertaining fo sub-interval

|BLOCK2 j ot simulation case (except
Simulation Control Card).

BLOCK | Execution Control Card

Figure 116, Simp!lified 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 allow 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
for one of three purposes:

imp ! emented

1« Peripheral data management activities and
diagnostic checking of Input data using
the preprocessor module,

2. Dilagnostic 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 dliagnostic 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
items as the length of a turning pocket or
the placement of a bus stop which cannot be
detected as an error by the preprocessor,

OPERAT IONAL SUMMARY

NETSIM is a microscopic, stochastic, simu-
lation model with fixed time=scan updating.

The network is described as a series of uni-
directional links and nodes. Each link rep-
resents a particular approach to a node and
changes in link characteristics (e.g., added
or dropped lanes) 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 !ink
may contain up to five lanes of traffic plus
a left and a right turn pocket,

Traffic demand is initially input fo 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 T"exit" links and "sink" nodes,

respectively,

Within the network, vehicles are propagated
through the system along the various |links
every second, with their time-space trajec-
tories being recorded at 0.1 second resolu-
tion, The internal simulation is extremely
complex and vehicle motion is governed by a
series of car-following, queue discharge and
lane changing algorithms,

Within any sub-interval, ali conditions
(e.gs., Input flow rates, turning 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
Inpu‘f.
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Table 28 - Input Requirements For NETSIM

CARD TYPE CARD NAME PURPQOSE DATA REQUIREMENTS
CONTROL CARD Execution ldentifies mode of execu- Input mode specified (mag-
(1 per run) Control Card tion and other administra~ | netic tape or data cards).

tive functions,

Network Priming
Cards

Specifies maximum initiali=-
zation time.

Initialization time in sec-
onds and clock time.

Simulation Controls duration, inter- Duration, start time and
Control Card mediate and cumulative length of time for interme-
output. diate output, elapsed time
(sec) between successive
cumulative outputs,
IDENTIFICATION | Title Card Identifies case study. Alphanumeric title and seed
CARDS for random number.,
(1 per run) Network Name Identifies descriptive Network name, city, code
Card information, number of file on data
tape.
LINK CARD Link Name Cards | Identify each link by Upstream and downstream

(1 set per run)

street name.

node nos., street names.

Link Geometry
Card (1 per 3
links)

Define geometry of all
entry and internal network
links,

Node numbers, length, grade,
right- and left=turn capa-
city, downstream nodes re-
ceiving turning traffic.

Link Operation
Cards (1 per 3
I Inks)

Define operational charac=-
teristics of traffic on
each internal and entry
link,

Node Nos., right-turn-on-
red, no, of lanes, speed,
queue discharge rates, lost
time, pedestrian volume
level, channelization of
lanes.

Llnk Turning
Movement Cards
(1 per 4 |inks)

Specifies turning movements
(as percentages or volumes)
for each link,

Counts or percentage of
through, left=, right- and
dlagonal ly=turning vehs,

Opposed Link
ldentification
Card (if req'd)

Specifies all links which
have opposed left turn
movements,

All pertinent node numbers
for links in question,

SIGNAL CARDS
(1 set per run)

Fixed Time Sig-
nal Cards

(1 per non-ac-
tuated node)

Specifies signal control at
each non-actuated conirol
node (Including non-signal-
ized intersections).

Nede number, offset, inter-
val duration, control code
on each approach for each
interval (max. 6).

Fixed Time
Signal Continu-
atlon Card

(if required)

Extension of above Card
Type for signals with over
six intervals.

Node numbers, offset, con-
trol codes on each approach
for each interval (7-9).

Actuated Con=-
trol ler Card
(1 per actu-
ated node)

Defines all links serviced
by actuated control ler and
other characteristics,

Node number, control ler
coordination, single/dual
ring control, detector
switching, cycle length.
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Table 28 - Input Requirements For NETSIM (Continued)

(1 set per run)
(continued)

Card

associated with specified
phase and location of all
detectors affecting the
phase,

CARD TYPE CARD NAME PURPOSE DATA REQUIREMENTS

Phase Card Defines operating charac- Node, phase number, actu-

(1 per phase ter istics of each phase on | ation type, yie!d point,

for actuated each actuated conirol ler. offset, initial interval,

signals) passage time, min. gap,
max. extension, max. green,
amber, red, recall switch,
etc,

SIGNAL CARDS Phase Operation | Define signal indications Node, phase number, signal

indication for each
approach, and location of
each detector.

FLOW RATE CARDS
(1 set per run)

Volume Card
(1 per 6 links)

Specifies traffic volumes
on each link excluding
buses,

Node numbers, flow rates,
percent trucks.

SURVE | LLANCE
CARDS
(1 set per run)

Surveillance
Cards
(if required)

Specifies detector type,
location and placement on
each link,

Node numbers, detector
type, location, length of
“presence" detector or
distance of "counter"™ from
node,

BUS SYSTEM CARDS | Path Cards Define path of each speci- | Route number, node numbers,
(optional) fied bus route,
Bus Station Identify, locate and des- Stop number, lane, capacity
Cards cribe each bus stop in net-| and type of bus stop,.
wor ke
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. for buses,
Dwell Time Specifies mean dwell time Station numbers, mean dwel |
Cards of buses at each bus sta- times Yo service passengers,
tion,
EVENT CARDS Short-Term Locate and identify short- | Node numbers, frequency and
(optional) Event Cards term events, duration,
Long-Term Locate and identify long- Node numbers, time of
Event Cards term events, event, duration and lane

blocked.

EMBEDDED DATA

9 misc. cards

To input changes to the

Elements in calibration

erated data set which is on
tape.

CHANGE CARDS embedded calibration data. data and program variable
(optional) names .
UPDATE CHANGE | Update Control { Construct a new data set by | Card type numbers.,
DECK Card modifying a previously gen-
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in order to predict the performance of indi-
vidual vehicles within the network, each
vehicle is randomly assigned various charac-
teristics upon entry into the system. These
characteristics, noted in the previous sec-
tion, are vehicle type, average discharge
headway, average acceptable gap, etc.

Nodes are operated according to the type of
traffic control specified, Nodes may be
yield or stop sign controiled or signalized
with fixed-time, actuated (both isolated or
coordinated) or volume-density controltled.
The latter 1wo may involve detectors in
either pulse or presence modes,

Depending on the control status and queue
length, vehicles are either queued, dis~
charged or processed through the node. Turn-
ing movements occur randomly--that is, based
on the input proportions of turns, individual
vehicles are selected To execute left or
right turns. Turns may be protected or un-
protected, as specified by the user. In the
case of signalized controf, up to nine phases
may be programmed for any given signal
control ler,

As the time scan proceeds, data are recorded
in vehicle and link arrays, For example, for
each vehicle, cumulative time, distance, de-
lay and number of stops ae mintained,
Additional ly, the vehicle's present position
(link, lane, position in queue) and projected
action at the next node are noted, as applic~
able,

Link statistics are similar, but additionally
include the cumulative number of vehicles and
turning movements processed, as well as the
current link occupancy, queue lengths and
signal status.

In addition to the above statistics, many of
which are used for the statistical summaries
output by NETSIM, several other aspects of
traffic flow are treated to allow a detailed
evaluation of the quality 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
control strategies,

Impact of various signal
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The overall operation of the model is
summar fzed In the following seven steps
(Reference 11,5) which are performed at each

one- second interval within a

"sub-interval®,

1. All vehicles that were located in queues
at the commencement of the time step are
processed;

2, All remaining wvehicles already on the
network, but not "in-queue", are pro-
cessed;

3. Any new vehicles are emitted onto the
network via entry links in accordance
with the specified flow rates for each
entry link;

4, Any new vehicles to be emitted onto the
network from any internal source nodes
are processed;

5. The status of all traffic signals in the
network is updated;

6. The set of standard vehicle and |link
statistics contained within the
vehicle~array and | ink—ar ray are
accumulated and a series of diagnostic
checks performed;

7. Finatly, if a point has been reached in

the simulation run where a statistical
output is called for, +the necessary
results are printed.

These steps are repeated (as appropriate) for
each time step and updates of the input con-
ditions are made at the beginning of each
subintervals.

COMPUTAT |ONAL ALGOR I THMS

The myriad of computational requirements in
NETSIM are simply too extensive to cover 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 sectione.

Queue Processing

All links, and lanes on each {ink, are
scanned for the presence of queues, When a
queue is found, the queue leader is identi-
fled and it Is determined whether it dis-
charges at this iInterval or not (for example,
red signal, lack of gap or headway not ex-
hausted will result In no discharge). If the
lead vehicle can be discharged, it is so pro-
cessed (according to a deterministic acceler-
ation rule), In this case, the status of all
vehicles in the queue Is updated to begin
moving, and/or record storage time. If the
leader is "blocked", vehicle and !|ink statis-
tics are simply updated.

Moving Vehicle Processing

This is the most complex step in the simula-
tion, as the status of al! moving wvehicles
must be updated. Vehicles are processed from
downstream to upstream to allow for car-fol-
lowing, lane changing and the like, For
example, the first vehicle on a particular
link and lane to be processed will be the
next vehicie which would encounter the queue
(which has already been processed), Vehicle
and link status updates are performed as each
vehicle Is processed. A variety of actions
can occur depending on a vehicle's location,
speed (actual and desired), lag, turning
assignment, etc, Simplified, a vehicle may
fol low one of the following actions:

o Speed may be adjusted by a car following

rule,
o it may join the queuse,
o |t may discharge to another link,

o It may change lanes,

o |t may be designated to exit at a "sink"
node (if beyond mid=-block), or

o If abus, it may stop at or leave a bus
stop.

216

START TRVL

[Dﬂermlne current status of specified vehicle J

i
(Emmlm position ond speed of lead vehicle j

Move this vehicle occording to car-following logic ]

Can_switch

Vehicle
either

blocked
\ntersection| O joins a
not reach- | _ queve
E—

Intersection

Vehicle must

Vehicle keeps
moving
Dischorge from
link and continue
on recsiving link
[update ail stotistics J
Figure 117, Flow Diagram of Car

Fol lowing Model

The algorithm is best [llustrated in the flow
diagram shown in Figure 117,

The car following logic is the most complex
(that is, al! other actions ae based on
deterministic acceleration, deceleration or
lane change rules). The natura! 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
simple acceleration/steady-state/decel era-
tTion rule can be used), But when a trailing
vehicle Is Influenced by a leading vehicle, a
stimulus-response mode! must be Iinvoked, A
new mode! was developed for this purpose
based on principles used in many existing car
following models, but with changes to improve
stability and avoid "collisions", The model,
which applies only fo a vehicle following
another vehicle within 200 feet (61lm) |is
stated as fol lows:
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2.2 (1.1
TsgsgVg sLph I/ 2V e

f Vfi+3

acceleration of follower at
the end of the time slice

Where a¢

s = distance along |ink
V = speed

L = vehicle length, including 3 feet
(1m) clearance

£ = subscript indicating lead vehi-
cle

f = subscript Indicating following
vehicie at the end of the time
step, or at the beginning It
further subscripted by i

If the trailing vehicle's desired speed Is
reached, further processing is limited to a
constant speed model until that wvehicle
"catches up" with the leader which is being
stopped.

If a vehicle reaches the periphery of the
network (or is assigned to a sink node) it is
processed out at this point.

Ilnput New Vehicles, Exterlor

This routine scans all 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 identify-
ing number 1Is assigned and the following
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
through)

(e.g., turn or
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Checks are made to determine whether space
exists for the desired lane/turn assignments
and the vehicle is flagged for lane change(s)
if appropriate,.

"Arrivals® at input links are based on a uni-
form distribution,

input New Vehicle, Interior

These vehicles ae generated at "source"
nodes within the network. The logic is very
similar to that described above. The docu-

mentation is not clea as to whether there
must be a gap available to accept the vehi-
cle.

Signal Status Update

All traffic signals are updated at this step.
All nodes are scanned and at the signalized
nodes, the current phase timer Iis decre-
mented, When this timer reaches zero, the
next phase s activated and the timer is
reset. For fixed-time, this process is iri-
vial, For actuated control, a routine is
called which, for the appropriate type of
control ler, determines whether current condi-
tions warrant updating the signals. I
updating is not required, the control ler acts
(momentar ily) similarly to a fixed=time unit,
If updating is required (say a call Is re-
celved on a semi-actuated approach), signals
on all approaches are updated, and appropri=
ate timers (e.g., extensions, minimums, etc,)
are adjusted.

Statistics

In addltion to simply updating all statistics
in the simulation, several other Important
tasks are performed at this point, These are

summar ized as fol lows:

o Insure that all status parameters are
consistent, correct If not

o Reset vehicle process codes
o Update all "event" actions

o Detect "spillback" of queues
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o Block or unblock lanes
o Update pedestrian blockages
o Update dwelling buses

The %“events" referred to above may be short
or long-term, These are user specified and
may be input to simulate blockages such as
accidents, standing or parked cars or other
extraordinary perturbations 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
long-term events are preprogrammed (i.e.,
input directly) and occur on schedule for a
specified amount of time.

OUTPUT REPORTS

There are five basic printed outputs gener-
ated by NETSIM, 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 summarized in a for-
matted report which can be checked for accur-

ancy. The report is shown in Figure 118, A
detailed report (echo) of all data Iis also
available.

Standard Statistical Report

A summary of Important statistics or measures
ot effectiveness (MOE), is given at the end
of each sub-interval. The cummulative per-
formance on each link and the entire network
are printeds The user may also request this
report at any time in the simulation (e.g.,
every "n" minutes).

The contents of the report are summarized 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 tfo speeds reduced
below some specified target level,

Intermediate Outputs

To obtain additional results to augment the
above report, the user may request Intermed-
iate results at any point in the simuiation,
These reports are useful in detailed analyses
of varying traffic conditions and/or select-
ive (perhaps problem) locations, The con=-
tents of the report are shown in Figure 120,
Fuel Comsumption and Vehicle Emission Report
A summary of fuel comsumption and vehicle
emissions for each link 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 Flow Card. Fuel consumption
Is reported in both gallons and miles per
gallon for each vehicle type., Vehicle emis-
sion is reported in grams per mile for autos
only and includes hydrocarbons, nitrous oxide
and carbon monoxides. Figure 121 shows the
format and contents of this report,

Supplementary Outputs

A var lety of optional outputs may be obtained

for detailed analysis or Input data. The
following may be tabulated at the wuser's
request:

o The origin-destination pattern of all

vehicles

o Types and locations of all detectors

o All "rare events"

o Bus performance
Additionally, comprehensive error messages
are ouput to assist the user in "debugging"
the data or locating Inconsistencies in the
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ARTERIAL SIMULATION-ASHLEY DR.CORRIDOR-RUN NO.64 SIGOP OPT 90

ASHLEY DR. CBD CITY OF TAMPA FLORIDA 3 tos3ts8t
SEED FOR RANDOM NUMBER GENERATOR IS 3591
POCK MEAN TURNING MOVEMENTS DESTINATION NODES PED LANE CHAN
LINK LANE SPAN L R U-F H LEFT THRU RT DIAG LEFT THRU RT DIAG LOST DEN 12 3 4 5 TYPE 6 L IDENTIFICATION
(800, t) 2 290 0 0 ENTRY 20 ¢ 100 [} [ 0 2 0 0 35 0000090 13 1 ASHLEY DR
t, 2) 2 290 0 O 25 20 0 87 13 0 0 3 815 [} 35 [} 00000 13 2 ASHLEY DR
2, N 2 286 40 2. 0 4 96 0 0 13 4 0 0 35 9 00000 13 3 SHLEY
{814, 14) ¢ 296 0 0 ENTRY 20 4 100 [ )] 0 3 0 0 35 00000 13 4 KENNEDY BLVD
s 1) 2 343 0 0 25 0 0 1080 0 0 0 800 0 ] 35 0 06000 13 5 ASHL
. 2) 2 313 50 25 20 47 53 [ [ 815 1 0 0 30 0 6000GO T3 6 ASHLEY DR.
816, 14) 1 290 0 0 ENTRY 20 o 0 100 L} o 0 3 0 35 40000 13 7 TAMPA STREET
SPECIFICATIONS OF SURVEILLANCE DETECTORS
LINKC 13, 3
NUMBER LANE TYPE DISTANCE FROM NODE 3 LENGTH OF TRAP
7 1 PRESENCE 30
8 2 COUNTER 16
9 3 COUNTER 20
TRAFFIC SIGNAL DATA
% INDICATES RTOR IN EFFECT FOR THIS APPROACH
NODE 1 IS UNDER SIGN CONTROL
NODE INTVL DURATION OFFSET SIGNAL CODES FACING INDICATED APPROACHES
(800, 1% « 2, 1« {
1 1 80 (100P) 9 ¢ oP) 1 1
NODE INTVL DURATION OFFSET S!GN?L eODEg)chlvG INDICATED APPROACHES
« 3, 2)x ’ *
2 1 4% ( 49P) ¢ ¢ 0OP) 7
2 2 5 ( 6P 64 ( 49P) 7 [
2 3 36 ( «0P) 49 ( 54P) 1 2
2 4 5 ( 6P) 85 ( 94P) 0 2
NODE 10 IS UNDER SIGN CONTROL
SPECIFICATIONS FOR ACTUATED CONTROLLERS
NODE COORDINATED REST-IN-RED CYCLE ENTRY DET. SW.
3 YES NO 90 4 NO
LINK ¢ 2, 3)
DETECTORS PROVIDING CALLS DETECYORS PROVIDING GAPS
LOCATED IN LANE LOCATED IN LANE
PHASE 3 5
3
LINK ¢ 13, 3)
DETECTORS PROVIDING CALLS DETECTORS PROVIDING GAPS
LOCATED IN LANE LOCATED IN LANE
PHASE 3 4 5
2 X X X X x X
LINK ¢ &, 3)
DETECTORS PROVIDING CALLS DETECTORS PROVIDING GAPS
LOCATED IN LANE LOCATED IN LANE
PM;SE 1 2 4 5 2 3
3 X X X X X X
LINK € 14, 3)
THERE ARE NQ DETECTORS ON THIS LINK
NON~ACTUATED ACTUATED INIT INIT TIME
YIELD FORCE MIN INT ACT PASS MIN 10 RED. MAX MAX RED RED RECL MEM INH OVWR
F“?SE '§§ Egg 0F:§ET OFF INIT IIC DATA DATA TIME GAP RED. RATE EXT GRN AMER CER RVRT  SW. SW. TRM CD
2 57 10 0 0 o 3.0 0.0 0 0.0 0 18 5 0 0 NO NO NO 0
3 86 10 0 0 0 3.0 0.0 0 6.0 0 25 5 0 0 ND NO NG 0
SIGNAL CODES FACING INDICATED APPROACHES
PHASE € 2, 3 (16, 33 13, 3 C & 3) (
1] 2 1 2
2 2 2 1 3
3 1 2 2 1
NODE COORDINATED REST-IN-RED CYCLE ENTRY DET. SW.
4 YES NO 90 0 NO

Figure 118, NETSIM Input Data Report
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CUMULAT
PRESENT TIME IS 16 &

VEH- VEH MOV. DELAY
LINK MILES TRP TIME TIME M/T
V-MIN V-MIN
« 1, 2) 5.5 100 12.3 25.5 0.33
« 2, 3 4.6 85 10.4 34.1 0.23
¢ 2, 1Y 6.7 102 16.2 0.7 0.96
€ 3 2) 1.7 201 27.5 32.8 0.46
C 3, 13) 48.0 176 113.1 30.3 0.79
C 9 8) 8.0 147 19.1 16.3 0.5¢4
C 10, 9 6.3 165 15.5 18.t 0.46
17, 9y 5.1 94 11.5 60.9 0.16

VEHICLE-MILES= 270.94
MOVING/TOTAL TRIP TIME=0.359
TOTAL DELAY=

AVG. S

1160.2 MIN. DELA

VEHICLE-MINUTES=

IVE STATISTICS SINCE BEGINNING OF SIMULATION
o 9, ELAPSED SIMULATED TIME IS 10 MINUTES, 0 SECONDS
LINK STATISTICS
TOTAL T-TIME T-TIME/ D-TIME D-TIME/ PCT AVG. AVG. STOPS
TIME / VEH. VEH-MILE 7/ VEH VEH-MILE STOP SPEED 0CC. /VEH
V-MIR SEC SEC/MILE SEC SEC/MILE DELAY MPH
37.8 22.7 413.2 15.3 278.7 77 8.7 3.7 0.53
44.5 31.4 579.6 26.1 444 .6 78 6.2 4.4 0.88
16.9 10.0 151.0 0.4 6.5 0 23.8 1.7 0.0
60.3 18.0 309.3 9.8 168.3 52 11.6 5.9 0.37
143.4 48.9 179.2 10.3 37.8 36 20.1 14.4 0.40
35.4 14.4 264.6 6.7 122.0 68 13.6 3.5 0.33
33.6 12.2 322.6 6.6 173.7 55 1.2 3.2 0.3%
72.4 46.2 854.6 38.9 718.8 86 4.2 7.2 0.98
NETWORK STATISTICS
1811.1 VEHICLE-TRIPS (EST.)= 929 STOPS/VEHICLE=

PEED (MPH)= 8.98 MEAN OCCUPANCY=

4,28 MIN/V-MILE

180.7 VEH.
Y/VEH-MILE=

STOPPED DELAY AS A PERCENTAGE OF TOTAL DELAY=80.7

SPILLBACK HAS PREVAILED
SPILLBACK HAS PREVAILED

Figure 119,

ON LINK ¢ 4,

4,

3) FOR
3) FOR

32 SECONDS FROM TIME=
4 SECONDS FROM TIME=

585 TO TIME= 613

ON LINK ¢ 677 TD TIME= 68

NETSIM Standard Statistical Report

LINK STATISTICS AT TIME 16 45 0
VEH TURN MOVEMENT QUEUE LENGTH BY LANE DELAY/ STOP CYC CURRENT
LINK occ. DIs LEFT THRU RT. 1 2 3 4 5 VEH. DLY(P) FLR EVNT CHANNELIZATIO
800, 1) 0 143 0 143 0 0 0 0 0 0 6.0 o 0 [} 6 0 0 0
« 1 2) 144 0 132 19 2 4 0 0 0 16.3 77 0 0 0 0 0 O
« 2, 3 125 5 120 0 4 0 0 0 [ 26.2 78 0 L] 0 ¢ 0 0
« 6, 5) 4 230 0 234 0 0 [} [] 0 0 8.2 77 0 0 6 0 0 O
« 7, 6) 5 262 29 239 0 0 0 0 0 0 2.3 36 0 0 g 0 0 ©
« 15, %) 5 138 38 ¢ 108 0 0 0 0 0 211 IAl 0 [} 4 0 10
810, 16) 2 35 o 37 0 0 2 L] 4 0 .0 0 0 0 0 0 0 0
« 7, 8 1 359 0 244 116 0 Q [ 0 0 4.0 14 9 0 ¢ 0 0 90
(804, 11) 0 158 0 158 0 0 0 [ 0 0 0.0 0 0 0 0 0 0 O
’
Figure 120, NETSIM [ntermediate Statistical Report
CUMULATIVE VALUES OF FUEL CONSUMPTION AND OF EMISSIONS
LINK FUEL CONSUMPTION VEHICLE EMISSIONS (GRAMS/MILE)
GALLONS M.P.G. HC co
VEHICLE TYPE- 1 2 3 1 2 3 1 2 3 1 2 3

« ot 2 1.2 0.3 6.0 5.9 3.0 0.0 6.9 0.0 0.0 121.0 0.0 0.0

« 2, 3 1.1 0.2 0.0 5.2 3.5 0.0 8.2 0.0 0.0 157.6 0.0 0.0

« 2, 0.7 6.0 0.0 16.0 6.2 0.0 2.1 0.0 0.0 29.3 0.0 0.0

« 3 2 2.3 0.3 0.0 6.9 2.9 0.0 5.4 0.0 () 98.1 0.0 0.0

« 3, 13 4.7 0.5 0.0 14.2 6.6 0.0 2.4 0.0 9.0 36.3 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
VEHICLE TYPE 1 = COMPOSITE AUTO, TYPE 2 = TRUCK, TYPE 3 = BUS

Figure 121,
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network description. Special problems are
also identified through these messages.,

Output Tape
The data may be ouput to tape, for evaluating
several simulations. A list of these data is

given in Table 29,

Table 29 - Summary of Data Output to Tape

LINK-SPECIFIC DATA NETWORK~WIDE DATA

Vehicles discharged Total vehicle

trips

Travel time per vehicle TJotal vehicle~
miles

Delay per vehicle Total vehicle-
minutes

Average speed
Stops per vehicle

Stops per vehicle
Ratio of moving/
stopped time
Average Speed
Mean occupancy
Average delay
Total delay %
stop delay

Percent stop delay
Average saturation
Number of cycle fallures
Ratio of moving/stopped
time

Diagnostic Messages

As note earller, there are extremely exten-
sive diagnostic 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 disal low execution of the simu-
lation, but error checking will continue to
determine whether further errors exist in the

data. The approximate breakdown of the docu-
mented errors (i.e.,, execution aborted) and
warnings (l.e., fixup taken, but careful

review should be made for possible error) is

as fol lows:

PROGRAM STEP ERROR WARN ING
Preprocessor 112 1
Simulation 2 5
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ADDITIONAL FEATURES

As with most large-scale microscopic simula~
tion models, NETSIM has a multiplicity of
features, and user options. Virtually any
feasible geometric configuration, traffic
control system, fraffic 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 University of Washington, is an
interactive graphic capability, This en=-
hancement (referred +to as NETGRAF) will

enable the user to make more effective use of
the postprocessor function of NETSIM, Pres~
ently, two-way comparisons must be run off-
line, a process which can be time consuming.
With NETGRAF, the comparisons can be run, and
displayed, on-line, thus greatly reducing the
time required to compare a number of NETSIM
simulationss NETGRAF will 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 controlled or dynamically
control led).

NETSIM is an operational, analysis and evalu-
ation model., |ts sole function is to approx-
imate real-world conditions that are input by
the wuser. It performs no design Itself,
Thus, in single runs, any of the Iinfinitely

variable input conditions may be considered
by the user., Several of these may be evalu-
ated by the user to determine which |is

"best", thus the evaluation function Is, 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" solution Is an

optime| solution.
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Analysis is the role of microscopic simula-
tion models, The results are generally more
rellable than those obtained from macroscopic
models, since the natural stochastic varia-
tion of traffic demand and behavior are con-

sidered. Although any simulation modei is a
simpiification of the real-world, NETSIM is
sufficiently flexible to handle a highly

sophisticated system of inter sections,
including on-line 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 for a high level of expertise in
using thems, These are all tfrue of NETSIM;
although the developers have written the
model with the user in mind to the degree
possible, For example, most parameters are
furnished in the model, but these may be
changed if the user has local data which
would better calibrate the model.

Several specific limitations of the mode! are
discussed below,

1. Physical constraints are 99 nodes, 160
links and 1600 vehicles in the system at
any time, These can be increased easily,
but a substantial Iincrease in computer
time will result to run larger networks.
2. Ffreeway facilities cannot be modeled in
NETSIM. A rough estimate of the effect
of freeways on the street system is pos-
sible, 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 |imited access to large
computers, NETSIM can be quite expensive
to use, either in terms of dollars or
computer time, depending on local operat-
ing policies,

It has been noted that real-time control
systems can be simulated; however, the

5.
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algor ithms must be inserted by the user.
NETSIM does not contain any package
dynamic control systems, Surveillance
capabifities do exist, however,

Preset vehicle frajectories through the
network are not possible though they can
be estimated by adding additional state-
ments to the code. Vehicles are simply
input to the network and +turns ae
assigned randomly, This |limits evalua-
tion of one-way street systems and does
not allow for induced diversion from com—
gested streets, The latter would have fo
be approximated by the wuser manually
"directing" +traffic via increased turns
to effect the diversion or via utiliza~
tion of the NETFLO modei.

7. Inputs to the system are based on a uni-
form distribution, This is often not
realistic. A patch deck is available
from FHWA which corrects this diffi-
culty,

In summary, NETSIM has several |imitations
inherent to any microscopic simulation model,
as well as several |imitations peculiar Yo
this model, But on the whole, it is a power=-
ful analysis tool for the traffic engineering
agency that has the level of staff expertise
and computer facilities to use the model. To
overcome this latter requirement (i.e., re-
sources), some state departments of transpor-
tation are assisting localities in wusing
NETSIM on their facillities, Thus, mid=-to=-
large-sized urban areas should not be dis-
couraged from using this excellent traffic
engineer ing tool.

EXAMPLE APPLICATION

To illustrate the use of NETSIM the Ashley
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
plans.
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Figure 122, NETSIM Link=-Node Network for Ashley Drive
Problem Description same cycle length. Each of the previous

The previous models described in this Hand-
book (PASSER 80, TRANSYT-7F and SIGOP 1i1)
were used to evaluate existing operations and
to develop Iimproved 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 evaluating the affect varying traffic
volume during each cycle had on the splits or

even the possible affect of skipping a
phase.
In this example NETSIM will be used to evalu-

ate the optimal signal timing plan developed
by each of the previous models for a 90 sec-
ond background cycle. As previously indi=-
cated these signals are part of a downtown
signal system of fifty-six signals what are
operating during the PM peak hour under the
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models were used to develop optima! signal
timing for Ashley Drive as an arterial sys=-
tem, rather than a neiwork. Therefore, the
reader should not infer from this example use
of NETSIM that one of the optimization mod=-
ules gives better results than another. Both
the TRANSYT=-7F and SIGOP i1l models are net=
work models, and to develop an optimal signal
timing plan for Ashley Drive, should have
been coded as part of the total system. How-
ever, for the purpose of brevity this was not
done, therefore, the results of this applica=~
tion will not result in a fair compar ison of
each of the optimization modelt's ability to
develop optimal signals plans.

Analysis of Existing Conditions

The first step in the evaluation process Is
the use of NETSIM +to represent the existing
system. This provides the wuser with an
opportunity to check the model's ability to
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to represent traffic conditions in the field
as the basis for wevaluating alternative
plans.

Figure 122 illustrates the {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-
ley Drive there is a signal (node 13) located
approximateiy 1450 feet west of Ashley Drive,
This is not part of a system and presently
operates as a 60 second fixed time signal.
The other signals affecting fraffic flow on

the cross streets (nodes 14, 15, 16, and 17)
are located on a parallel one-way street
(Tampa Street). This street is one-way

southbound and is controlled by two phase,
fixed time signals within the 90 second cycle
lengths Since we are only interested in sim
ulating traffic arivals from the cross
streets, only the signals and traffic move~
ments affecting westbound fraffic were
modeled, A total of 17 nodes were required
to represent signals (13) or intersections
(4) to insure data wil! be obtained on traf-
fic affected by the Ashley Drive signals.

Once the remaining data on geometrics, traf-
fic volume and signal operation were obtained
it was possible to code the network, Figure
122 1lilustrates the data coded to represent
existing conditions, A total of 125 lines of
coded data was required. With the exception
of two items, all data (geometric, traffic
counts, operating speed, and signal opera-
tions) were easily obtained,

The only judgment required for coding the
network were the queue discharge rate (mean
headways from standing queue) and lost time
(queue start-up delay) by lead vehicle,
Since headway studies had been conducted the
average mean headway of 2.0 seconds was
utilized. Although the mode! has a default
distribution for lost-time, a 3.5 second
value for lost time was used in the example.

The Input data were keypunched and submitted
to the computer for execution., Several sub-
missions were required In order to obtain a
run with no errors, Basically, these errors
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were related to Improper coding of signal
codes for actuated signals and the detector
operations, Figure 124 shows a copy of the
standard statistical reports obtained from
the accepted existing conditons run, The
input data report (17 pages are not shown,
however, excerpts from its report were showm
previously in Figure 118,

One of the initial problems with the final
run was the use of an initialization period
of 300 second (5 minutes), This was insuffi-
cient and it was necessary fo go to 600 sec-

onds, However, the final run for existing
conditions (after getting rid of other
errors) only required 360 seconds to reach

equilibrium,

One of the first facts obtained from the
existing conditions report is that on Link
(4,3) spillback ocaurs frequently during the
simulation (for 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 probtems. For Link (4,3) we
see that traffic demand Is 71§ of saturation
flow, yet the green time available is only
458 of the cycle (41 out of 9 seconds)
thus spiliback would obviously occur.

On a link by link basis deficiences can be
readily identified, From a leve! 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
critical links are approaches to Intersection
3 (Ashley Drive and Kennedy Blvd,).

A second measure of effectiveness (stops per
vehicle) further indicates the magnitude of
problems on these links. ©Data obtained from
the output for existing conditions can be
utilized to determine the credibility of the
model, Intermediate statistical reports are
available upon request (see Figure 120) which
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SIMULATION TIME INTERVAL = 900 SECONDS.
SCANNING INTERVAL=1 SECOND
INTERMEDIATE 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
CLOCK TIME NOW
4 30 P.M
FUEL CONSUMPTION AND EMISSIONS WILL BE PROCESSED
VEHICLE TRAJECTORY DATA WILL NOT BE WRITTEN TO UNIT 23

EQUILIBRIUM ATTAINED

PERICD OCCUPANCY CHANGE
1 165 5
2 160 9
3 151 37

DURING PAST CYCLE, 160 VEHICLES OCCUPIED THE NETWORK. NET CHANGE IN OCCUPANCY WAS 9 AT TIME=360
DURING PAST CYCLE, 151 VEHICLES OCCUPIED THE NETWORK. NET CHANGE IN OCCUPANCY WAS 37 AT TIME=270

INITIALIZATION PERIOD COMPLETED AFTER 360 SECONDS

COMMENCE SIMULATION AND GATHER STATISTICAL DATA
SPILLBACK HAS PREVAILED ON LINK ( 4, 3) FOR 52 SECONDS FROM TIME= 137 TO TIME= 139
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

oo W VTR VAT .o YOI Lo MU SN g NS M SR
V-MIN V-MIN V-MIN SEC SEC/MILE SEC SEC/MILE DELAY  MPH PCT
C 1, 2 7.9 1643 17.7 82.0 0.18 99.7 1.8 761.6 34.6 626.1 87 4.7 6.6 0.83 23 0
C 2, 3) 6.6 124 14.7 128.7 0.10 143.4 FARS] 1312.4 63.8 1178.0 91 2.7 9.6 1.02 3¢ 0
{2, 1 1000 151 23.6 0.9 0.96 24.5 9.7 147.7 6.3 5.3 0 24.4 1.7 0.0 5 ¢
C 3, 2) te.1 277 38.5 40.2 0.49 78.7 17.0 292.5 8.7 149.4 52 12.3 $5.1 0.2¢ 19 0
¢ 3, 13) 6%9.8 256 167.5 642.2 0.30 209.7 49,1 180.1 9.9 36.3 32 20.0 14.0 .32 10 ]
¢4, 3 122 225 29.5 40.0 0.42 69.5 18.5 3421 10.7 196.9 63 10.5 4.5 0.4¢ 9 °
€13, 3) 36.5 133 114.0 755.0 0.13 869.0 392.0 1427.5 340.6 1240.3 98 2.5 57.3 1.46 27 0
¢ 3, 4) 10.9 203 25.2 30.9 0.45 56.1 16.6 309.6 9.1 170.4 57 1.6 3.3 0.43 1 0
C &, 5) 13.9 252 32.7 2%.4 0.57 57.1 13.6 245.8 5.8 105.1 50 14.6 3.3 0.38 11 ]
12, 4) 5.2 95 11.9 52.3 0.19 64.2 40.5 738.3 33.0 601.5 86 4.9 6.2 0.87 8 o
C 4, 3) 12,6 235 28.9 351.2 0.08 380.9 97.0 1808.4 89.7 1671.4 96 2.0 25.3 0.92 79 L}
¢ 5, %) 15.3 251 38.2 118.8 0.26 157.0 37.5 615.3 28.4 465.7 87 5.9 10.4 0.63 17 °
5, 6) 191 354 45.9 17.4 0.73 63.3 10.7 198.9 2.9 54.6 19 18.1 4.2 0.12 1% ]
€ 6, 7) 14,0 31t 33.4 17.6 0.65 51.¢0 9.8 219.2 3.4 75.6 61 16.4 3.5 0.29 9 0
¢ 6, 5) 12,3 238 28.3 45.7 0.38 74.1 18.7 362.4 1.5 223.8 85 9.9 5.0 0.649 13 L]
¢ 7, 6) 17.0 265 40.5 10.8 10.79 51.3 1.6 181.3 2.4 38.2 51 19.9 3.4 0.12 8 L)
15, 5) 7.6 136 18.6 16.7 0.53 35.2 15.5 285.5 7.4 135.1 33 12.6 2.3 0.26 ] [}
« 7, 8 23.4 358 56.4 36.0 0.61 92.4 15.5 237.5 6.0 92.6 48 15.2 6.1 0.29 10 ]
«C 8, 7) 1.4 249 27.3 3.1 0.77 35.4 8.5 186.8 1.9 42.6 16 19.3 2.3 0.09 6 0
{ ty, 8 8.6 157 19.7 88.3 0.18 108.0 41.3 751.4 33.8 614.7 L1 4.8 7.1 0.85% 13 0
¢ 16, 7y 3.3 62 8.5 9.4 0.48 17.9 17.3 328.3 9.1 172.0 3 1.9 1.2 0.55 3 0
C 8, 9) 16.4 305 38.9 41.0 0.49 79.8 15.7 292.0 8.1 149.8 61 12.3 5.3 0.84 15 0
¢ 9, 10) 17.5 325 46.0 10.6 0.81 54.6 10.1 186.8 2.0 36.4 0 19.3 3.6 0.00 15 ]

Figure 124, NETSIM Standard Statistic Report for Existing Conditions -~ Ashley Orive,
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« 9, & 12.7 232 30.4 17.5 0.63 47.9 12.4 227.2 4.5 83.0 43 15.8 3.2 0.30 7 0
¢ 10, 9 9.7 257 22.9 49.5 0.32 72.5 16.9 4496.6 11.6 305.3 73 8.1 4.7 0.42 12 0
¢ 17, 9) 8.0 148 13.8 59.5 0.2¢4 78.3 31.7 587.1 24.1 466.3 78 6.1 5.2 0.88 13 0

NETWORK STATISTICS

VEHICLE-MILES= 397.6¢ VEHICLE-MINUTES= 3070.5 VEHICLE-TRIPS (EST.)= 1391 STOPS/VEHICLE= 1.71
MOVING/TOTAL TRIP TIME=0.318 AVG. SPEED (MPH)= 7.77 MEAN OCCUPANCY= 204.0 VEH. AVG DELAY/VEHICLE= 90.35 SEC
TOTAL DELAY= 2094.7 MIN. DELAY/VEH-MILE= 5.27 MIN/V-MILE TRAVEL TIME/VEH-MILE= 7.72 MIN/V-MILE

STOPPED DELAY AS A PERCENTAGE OF YOTAL DELAY=34.8
SEED FOR RANDOM NUMBER GENERATOR IS 9008613
SPILLBACK HAS PREVAILED ON LINK ¢ 4, 3) FOR 243 SECONDS FROM TIME= 657 TO TIME= 900

CUMULATIVE VALUES OF FUEL CONSUMPTION AND OF EMISSIONS

LINK FUEL CONSUMPTION VEHICLE EMISSIONS (GRAMS/MILE)
GALLONS M.P.G. HC co NO X

VEHICLE TYPE- 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
[ PR3 1.9 0.1 0.9 3.8 2.9 0.0 10.9 0.0 0.0 210.2 0.0 e.0 10.9 0.0 0.0
«C 2, » 2.5 0.0 0.0 2.5 2.5 0.0 16.1 0.0 0.0 338.9 0.0 0.0 1.7 9.0 0.0
« 2, 4 0.6 0.1 6.0 6.2 6.3 0.0 2.1 0.0 0.0 29.4 0.0 0.0 3.2 0.0 0.0
« 5 2 2.0 0.4 0.0 7.0 3.0 0.0 5.3 0.0 0.0 95.1 0.0 0.0 8.7 0.0 0.0
« 3, 13 4.7 0.4 0.0 13.9 6.1 0.0 2.4 0.0 0.0 37.3 0.0 0.0 3.4 0.0 0.0
« 14, 3) 1.7 8.2 0.0 6.9 3.4 0.0 5.7 0.0 0.0 94.9 0.0 0.0 3.7 s.0 0.0
«13 3 13.4 1.3 0.0 3.4 2.3 0.0 1.7 0.0 0.0 2¢1.7 0.0 6.0 7.6 0.0 0.0
t 3 &) 1.3 0.1 0.8 6.7 2,7 0.0 5.7 0.0 0.0 100.0 0.0 9.0 8.7 0.0 0.0
« & 5 1.5 0.1 0.0 9.0 3.6 0.0 4.2 g.0 0.0 72.0 0.0 0.0 6.3 0.0 0.0
12, & 1.2 0.0 0.0 4.0 0.0 0.0 10.2 0.0 0.0 195.1 0.0 0.0 10.1 0.0 0.0
« & 3 6.0 0.4 0.0 2.3.2.3 0.0 17.9 0.0 0.0 371.7 6.0 0.0 10.3 0.0 0.0
« 5, @ 2.9 0.2 0.9 5.2 3.7 0.0 7.7 0.0 0.0 149. 1 0.0 0.0 7.2 0.0 0.0
« 5 6 1.8 6.1 0.0 $.8 4.3 0.0 3.8 0.0 0.0 61.3 0.0 6.0 6.6 0.0 0.0
« 6, 7 1.2 0.t 0.0 1.9 6.3 0.0 3.5 0.0 0.0 55.0 0.0 0.0 4.7 0.0 0.0
« 6, 5) 1.3 0.1 0.0 8.7 6.2 0.0 4.8 0.0 0.0 87.6 0.0 0.0 4.5 0.0 .0
« 7, 6) 1.2 0.2 0.0 12.9 6.0 0.0 2.9 0.0 6.0 44.6 0.0 0.9 4.4 2.0 6.0
« 15 5 0.8 0.1 0.0 8.5 5.0 0.0 4.3 0.0 0.0 76.0 0.0 0.0 6.6 0.0 0.0
« 7, & 2.2 6.1 0.9 10.3 6.3 0.0 3.8 0.0 0.0 62.3 0.0 0.0 5.2 0.0 0.0
« 8 D 1.0 0.2 6.0 10.5 4.0 0.0 3.6 6.0 0.0 %7.0 0.0 0.0 6.3 0.0 0.0
¢ 11, 8) 2.0 0.1 0.0 3.9 3.5 0.0 10.4 0.0 0.0 199.8 0.0 0.0 10.7 0.0 0.0
( t6, 1) 0.4 9.0 0.0 7.9 &.3 0.0 5.2 0.0 0.0 83.2 0.0 0.0 6.8 0.0 g.0
« 8 9 2.0 0.1 0.0 7.9 4.3 0.0 4.9 0.0 0.0 87.7 0.0 0.0 6.8 9.0 0.0
« 9, 10) 1.6 0.2 e.0 10.3 4.2 0.0 3.6 0.0 0.0 58.9 0.0 0.0 6.5 0.0 0.9
« 9, 8 1.2 0.2 0.0 9.9 4.3 0.0 3.7 0.9 6.0 61.9 6.0 0.0 5.5 0.0 0.0
« 10, 9 1.6 0.2 0.0 5.3 3.0 0.0 7.5 0.0 0.0 131.7 0.0 0.0 10.6 g.0 0.0
«t7, 9 1.5 0.1 0.0 4.9 3.1 0.0 8.6 0.0 0.0 155.5 0.0 0.0 9.0 0.0 0.0
59.71 4.92 0.0 6.50 3.81 0§§THORK-EFE$ ST:TESTICS.O 112.75 0.0 6.0 6.52 0.0 0.0

VEHICLE TYPE 1 = COMPOSITE AUTO, TYPE 2 = TRUCK, TYPE 3 = BUS

Figure 124, NETSIM Standard Statistic Report for Existing Conditions -
Ashley Drive (Continued).
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Table 30 - Comparison of NETSIM MOE's For Alternative

Signal Timing Plans - Ashley Drive

ALTERNATIVES

MOE Existing PASSER 80 TRANSYT=-7F SIGOP |11
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) 7.77 7.59 8.15 8.48
Mean Occupancy (vehicles) 204.0 19845 196.5 189.9
Avg. Delay per Vehicle (sec,) 90.35 92.79 85.19 80.31
Total Detay (min,) 2094.7 2073.8 1980.7 188047
Delay per Veh.,-mile (min, per mile) 5.27 5.49 4,93 4,66
Travel Time per Veh.-mile (min, per mile) T1.72 7.9 736 7.08
Stopped Delay per Total Delay (%) 84.8 83.8 84,7 82.0
Fue! Consumption (gals, per mile) 0465 0471 .0450 .0446
Vehicle Emissions (gross/mile)

Hydro carbon (HC) 6,07 6.26 5.83 5.75

Carbon Dioxide (CO) 112,75 117.30 107.98 105.43

Nitrogen Oxide (NOX) 6452 6.07 6.29 6.43

show queue length by lane at any specific
instance of time, This Is useful in cali-
brating the model, For instance, Link (4.3)

that for the highest average saturation flow
Iincludes the exclusive right turn lane. In
Figure 124 we only obtain 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 Iin the field indicates this is
typical and indicates the mode! Iis reproduc-

ing arterial conditions,

This evaluation of existing conditions would

include a similar comparison of other Ilinks
within the network, In some cases a more
detailed mathematical comparison would be

required. However, in most instances this

would not be economical.
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Define and Analyze Alternatives

In order to define the alternate signal plans
the existing signal timing card must be
changed., For each alternative signal plan
this required that card 16-NA (non-actuated
phase of actuated signal) and card 16-A
(actuated phase) be changed to Include the
new signal timing data (offsets, yield
points, force offs and maximum green times)
for the actuated signals, In addition card
10 (fixed time signal) must also be changed
for node 2 (Ashley Drive and Jackson Street).
In all a total of 19 of the 125 cards were
changed for 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 lock at traffic
characteristics on each of +the links +to
identify problems which occur for each alter-
native,
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Evaluation of Results

The reports obtained from each of the runs
provide a useful tool for evaluation of the
results, Table 30 provides a comparison of
the summary statistics for the network as a
whole,

Based on the developed signal timing plans
some improvement in operations can be ex-
pected with several alternatives,

The PASSER 80 signal timing resulted in an
overall deterioration of most measures of
effectiveness, The most noticeable was an
increase in the stops per vehicle (for 1.71
to 1.97) and seconds of delay per wvehicle
(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-

cle. However, PASSER 80 assumed uniform
arrivals on the cross-streets which does not
occur when signals are controlled,s There-
fore, there was a net increase in length of
delay and number of stops.

Both TRANSYT=7F and S!GOP 11| signal plan

resulted in reduced vehicle delay time and
stops per vehicle, TRANSYT=7F minimized
stops per vehicle while SIGOP 11l minimized
delay time per vehicle and both minimized
fuel consumption., There was little signifi-
cant difference between the reductions In gas
consumption and vehicle emissions.

Since both TRANSYT-7F and SIGOP |ll results
in similar Improvements In traffic flow the
user can feel confident that either of these
plans would be noticeable to the driver using
the system, Whether the driver would per-
ceive the TRANSYT-7F timing (that minimized
stops) or the SIGOP [l timing (that mini-
mized delay) as better would be left to the
Jjudgement of the user.

Summary of Work Effort Required

The following summarizes the work effor re-
quired for the example problem,
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Data Collection = All data required were
readily available from the traffic engineer's
office,

Data Coding - The coding of the NETSIM input
data required considerable time, Approxi-
mately 20 hours were required to develop the
| ink-node diagram and to code the data. How
ever, it is believed that persons exper ienced
in coding of NETSIM could accomplish tThe work
in less than 12 hours, since considerable
time was spent referring to the User's Guide.
An additional 6 hours of review time was
required to lidentify errors and to resubmit
4 runs prior to obtaining acceptable output.

Computer Time - The required CPU time var ied
from 67.1 to 71,9 seconds for the 900 second
simulation period. A total of 294k of core
storage was utilized,
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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 vehicies (HOV),

The more common application for the use of
reserved lanes for HOV's has been along free-
ways, particularly those leading to the
central city. Initially these applications
considered giving priority to buses, however,
in more recent years HO's have included
passenger vehlicles with 2 and 3 or more
persons per vehicle,

Computer models for evaluating these poten-
tial applications were first developed in
1968 at +the University of California at
Berkelay. 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 time, FREEQ
(renamed FREQ3 later) was a similar model
designed to evaluate normal operations on a
freeway and demand fluctuation over time and
distance as well as being responsive to
actual origin-destination patterns and con-
gestion,

PRIFRE represents a combination of the phi-
losophy of EXBUS and the realism of FREQ3 as
well as several further improvements, Re-
cently, many of the features of PRIFRE and
FREQSCP (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 Atong Freeway

PRIFRE model described in this chapter can
provide a useful tool to the practicing traf-
fic engineer in evaluating the potential
benefits of priority lanes on freeways,

MODEL DESCRIPTION

PRIFRE is a reversed acronym for the FREeway
PRlority Lane Model. The mode!l is a unique,
general purpose computer program written in
FORTRAN |V which has been installed previous-
ly on both the CDC 6400 and IBM 360 compu=
ters. |t requires approximately 80k bytes of
core memory on |BM computers. The model is
included as part of the FHWA Urban Transpor-
tation Program (PLANPAC) and has been widely
used, The program consists of approximately
2500 ltines of code with 86 percent action
fortran statements,

The physical system considered by PRIFRE is a
directional freeway with a priority lane re-
served for high occupancy vehicles (HOV'!s)
and the on and off ramps to the freeway. The
freeway section is described as a series of

contiguous sections which ae internally
operational ly homogenous. The model allows
the engineer to evaluate priority lane

strategies on freeways,
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PRIFRE can evaluate the existing condition
without priority treatment for HOV's and
var ious types of priority tfreatments. 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

manual interfacing, it can analyze separate
priority lanes, control flow lanes and ramp
control schemes with priority entry for
HOV's,

[Porameter_Cord
Titie Card

Figure 126, Typica! 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/of f-ramp) and vehicle occupancy, are
the most difficult to obtain,

Input data consist 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=-
lish the parameters controlling the evalua-
tion. This includes the number of sections,
time periods, output format, vehicle occu-
pancy for HOV's, growth factors and other
parameters,

Capacity Card - One card for each section is
required tfo describe 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 model uses +to
interpret reduced speeds due to the volume of
traffice However, this card is optional.

Time Slice Title Card - This card describes
the periods under study.

Occupancy Card This card defines the
percent of cars with various occupancy levels

and additional on-ramp capacity |imits when
developing ramp control strategies.
Origin-Destination Card - One cad is

required for each on-ramp and defines the
number of cars exiting at each off-ramp from
that on-ramp. Separate cards are required
for cars and buses,

End O0-D Card - One card is required at the
end of the last 0-D card to show this is the
end of the data.

A summary description of the input data for
each card type is shown on Table 31, A more
detailed description s included in the
reference mater ial,

OPERAT IONAL SUMMARY

PRIFRE reads and checks the input data, warn-
ing of detected errors and terminating execu-
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Table 31 -~ Input Requirements

For PRIFRE

(1 per run)

simuifation run,

CARD TYPE CARD DESCRIPTION REQUIREMENTS
TITLE Provide title of simulation, Arbitrary Information.
(1 per run)
PARAMETER Define parameters for entire No. of sectlions & time periods, out-

occ, for
bus equiv.

put reports, min. veh.
HOV's, lane operation,
factors, etc.

CAPACITY
(1 per section)

Define capacity of each freeway
section (max. 50).

No. of lanes, capacity of normal &
HOV lanes, length, design speeds,
fruck & bus factors & presence of
ramps by type.

|~ RAMP CAPACITY
(1 per run)

Define ramp capacity.

General ramp capacity and special
capacities for up to 6 on-ramps and
3 off ramps,.

SPEED-FLOW/CAPACITY
CURVES
(Optional)

Define user supplied speed~-
v/c curves, if desired.

X(v/c) and Y(speed) coordinates of
curve (max. 20 points),

TIME SLICE TITLE
(1 per time period)

Provide title for each time
period to be analyzed,

Time period, etc. of the period
following.

OCCUPANCY
(1 per time period)

Define vehicle occupancy for
specific time period and modi-
fiers to special on-ramps
(max. 5).

Avg. passengers per bus, proportion
of vehicles with 1, 2, ... 5 or
more passengers, and revised capa-
cities for specific on-ramps.

0-D DATA
(2 per time period
per on=ramp)

Define vehicle and bus desti-
nations (off-ramps) for traffic
enter ing on each on-ramp
(origin).

One card for buses-vehicles per hour
to each following of f-ramp, and one
card for vehicles~passengers per
hour to each following off-ramp,

END
(1 per run)

To terminate run.

Code END OD.

tion when a fatal

error
data check has been successfully completed

is found. Once the

queues.
freeway and not the ramps, Is queued., If

If capacity Is exceeded, the

and the data stored in work files, program the current subsection has the beginning
execution begins, of the priority lane, any ramp input

lane, downstream or upstream with
The program progresses serially, by time destination within the priority section,
slice, from subsection to  subsection, Is denied entry to the priority lane.
performing the following analyses (for a All other HOV's enter the priority lane
single run, as runs may be stacked): and return to the general lanes at the

1. Ramp analysis
if a

delays.

end,

is performed to determine
ramp queue exists,
dissipates and compiles the appropriate

develops or 3.

Ramp merging analysis

is based on the

ramp inputs and estimated right lane
volumes. Again, 1If the right lane
exceeds capacity (due to ramp Iinputs),

2. Volume calculations are performed using

the input demands, 0-D's and any existing

237

the freeway is queued.
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4, Weaving analysis is confined to on=-off
ramp maneuvers and capacity reductions
are computed using techniques from the
Highway Capaclity Manua! (Ref, 12.4).
Weaving effects In the area of the HOV
lane entrance and exit must be accounted
for by adjusting the mainline capacities
in these subsections,

5. Queuing analysis on the mainline takes
into account the propagation of shock=-
waves, whether moving upstream or down-
stream, and adjusts volume vs. demand
accordingly. This process is somewhat
complex and interested readers should
refer to the original documentation (Ref.
12.1) or documentation on the sub-model
FREQ3 mode! (Ref, 12,5).

6. Speed-flow analysis uses the Highway
Capacity Manual curves to determine
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

specifled for use in any subsection(s).

COMPUTAT IONAL ALGOR I THMS

The most significant computational algorithm
in PRIFRE is +the simulation function of
FREQ3, which Is documented in Reference 12,2,
The simulation, while detailed, is not overly
complex.

Of primary interest is the speed-fiow rela-
tionship, FREQ3 has design speed-flow curves
based on the Highway Capacity Manual (Figure
9.1). Thus there are three curves avalilable,
having design (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 Iis used, speeds in the upper
region of the speed-V/C 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 Iinto 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 fravel +time Iis

stated as fol lows:

(i) = d;_) x5 x tor + (12.1)

(To =1 xd}_ xL_,

where TT = travel time in subsection i-1,
=1
Ll-1
1t = min 5 T
r o
r = speed of shockwave =
Py (12,2)
1 - .
41”9y
and RA!—I Di - C, = net rate of change in
the number of vehicles in sub-
section i-1,
L;_1 = length of subsection i-1,
di-1 = queuing density In subsection
i=1 (vpm),
dl-'l = non=-queuing density in
subsection i-1 (vpm),
To = time interval (e.g. 0.25 for
15 min,),
Dy = demand for subsection i, and,
Ui = Volume of traffic leaving

subsection i.

These speed-v/c curves, and the above algo-
rithm for congested flow, have not been wide-
ly accepted by recent researchers, and the
user should strongly consider using his own
curves, These may be based on observed data
or derived.s A single formula for obtaining
speed (or rather travel time) as a function
of demand (whether less than or greater than
capacity) has been found both useful and
accurate, This model is expressed as
(Reference 12,6):
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4
t = 0.87 1 [I-O.15(q/qm) 1; (12.3)
where t = average travel time over the
subsection,
to = average tfravel time over the
subsection at capacity,
q = average demand in the subsection,
and
g, = capacity of the subsection
The user can easily calculate values of t for

var ious values of q/q_ and input this table
as a user supplied speed - v/c "curve",

A second significant algorithm deals with the
weaving effect, Again, Highway Capacity
Manual tfechniques are used, The service
volume is calculated by:

= + - .
sV [v (k I)wzl/N, (12.4)
where sv = service volume,
v = total volume (demand),
k = weaving influence factor,

INSTITUTZ OF TRINSFORTATION AND TRAFFIC ENGINFERING
UNIYERSITY [F CALIFORNIA
BERKELEYes CULIFDRNIS

]

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 REPORTS

The outputs from PRIFRE consist of four
groups (1) a listing of input data, (2)
messages concerning the queues, (3) summary
table of numerical results, 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 lows:

1« SSEC NO. - subsection number.

2, P whether normal (blank)

subsection (P),

or priority

VFRSION 220

PAGE NO.

HOV EX8MPLI 1-95 MIAMICAIRFORY XWAY 70 60LON GLADES I-EXIST. LANES 3 FERS HOV LN

IRPUT J28TA

21 SUBSECTICNS FAC(1)= 2. FICI21= 1. FRIORITY CUT-OFF= 3.

OPTION= 3

© GROWTH PFRINOS T RITF 1,00 1 CCCUPONCY SHIFTS

PASSENGER CMR EQUIVALENCY OF BUSESINORMIL) = 2.00 PSSSFNGER COFR EQUIVALENCY UF BUSESC(FRIDRITY) = 1,60
S$SEC ND. CO0F, CAP 1 LENE NOR UNR RES TRK, ORE. LFT Sub SECTION LOCATIDN
NC+ P LN Pe. LNe SPD SFD SPO FAC. DES. RNP
13 3 w350, 0.0 1000. &0 60 600,970 o [ SEGIN SECTIUN (LNCS, PE6IN SECTS.) D1
2 3 43S0, 1500. 133C. €0 &0 600.970 [ BEGIN PRIORITY LONE
3 F 5 9370, 1500. 1341, 60 60 600,970 o ? SIRPORT X-WaY PN 02
4 P S 7¢50. 1500. 3298. 60 60 600.970 0 LONE ORODP
$ P& 5000. 150C. 900. EO 60 600,970 4 [ €7 SY OFF n1
6P & ECC0. 1500. 1863. €080 60 600.970 1] 0 62 ST ON 03
7T P8 5000, 1500. 2577. 60 60 €00,970 o 0 62 ST ON os
8 F & ECCC. 1500, 2075« 60 &0 600.97C ] [} 19 ST DOFF 02
3 P& 5000. 1500. 3091. 60 B0 600.97C o 0 81 ST ON as
310 P & 6€CCO0. 1500. 1648, 6C €0 600.97¢C ] L] 9% ST OFF 03
11 F 5 7550. 1500. 1054, &0 60 600,970 1] ] @5 ST 0N a3
12 P & &CC0. 31500. 1506« &C &0 600.,97C 0 0 103 ST OFF 13
13 F & 5300, 1500, 3795. 60 60 600,970 o [ 103 ST ON n7
18 P & €0C0. 1500. 1982, €&C 60 600.970 0 o 119 ST OFF 0s
35 P & 5H00O. 1500, 1478, 60 6O 600,970 0 ] 125 SY OFF (13
16 P & 6CC0. 1500. 1880« 60 &0 600,970 n [ 125 ST On ng
17 P 3 350, 1500, 1890. 60 60 600.970 ] 0 135 ST OFF D7
18 P 3 4350, 1500, 343e¢. 6C 60 600.97C o 0 135 ST ON 09
13 P 3 8350, 1500. 2878, 60 60 600,970 o ] 151 ST OFF o8
20 3 4350, 1500. S00. 60 60 600.97C 0 FND PRINRITY LANE
21 3 8350, 0.0 1000, 60 60 600,270 n [ END SECTION ne
RANF LIPITS =1500.
ON-RaMF 1 LIMIT=3S50,
GN-RAMP 2 LINITz4350,

Figure 127,
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Example PRIFRE input Data Listing
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3

6.

NOJLN number of lanes

priority lane),

(excluding

CAP, - capacity of normal or unreserved

roadway. Note that a very large capacity
is given for the first subsection. This
is to prevent queuing out of (up-stream

of) the study area. Indeed this example
begins at a toll station where queuing
normally exists, but it is not to be

included in the PRIFRE simulation,
CAP 1 P.LN, - capacity of priority lane,

LENG - length.

INSYITUTE CF TRANSPORVOTION
UNIVERSITY DF CALIFORNIA
BERNELEY e CPLIFORNIA

AND TRAFFIC ENGINEERING

TIME SLILE 5 6200 PH

NG« OF PRIORITY LANES = 1
RESERVED PRIORITY OFERMTIONS
“sessseassscssesveesasscssscnne
SUB FINAL DIMD. ORIG. FS VOL CAP V/C DEN MW TROV UN
SEC CRE CES TOVAML VML TIME NORM
1 1335, 0.0 1335 N
2 CeC .0 1335 1 61« 150040 400 1. 53¢ 0,30 U
3 1331, 0.0 2866 1 61. 1500.0.,04 1. 53. 0.29 u
. 0.C C.0 2666 1 6le 15004000 1. 53. 0.70 U
5 0.0 57. 2866 13 €1. 1500.0,04 1. 53. 0,19 u
& 23C. C.0 2829 1 61e 15000404 1s %3 0.%0 y
T 130, 0.0 2959 1 61. 1500.0.04 1. S3. 0.55 u
8 0.0 128, 29538 3 61. 1500.0.04 1, 53. 0.4 ]
g 357. Ce0 3188 1 61+ 1500.0.0% 1s S3. 066 u
10 0.0 3128, 3188 1 61, 1500.0.0% 1. 53¢ 0.35 v
11 1&5. 0.0 3209 1 61s 1500.0.0% 1. 53. 0,22 v
12 0.C 1£0. 3209 1 61, 1500.C 404 1. S3. 0.3? v
13 12%. c.0 3153 1 61, 1500.0,0% 1., 53. ]
1 0.0 219. 3153 1 61, 1500.0.04 1. 53, u
18 0.C 223, 293¢ 1 61. 15004004 1 53. v
16 143, 3.0 2862 1 61, 1500.0.04 1, S3. u
17 0.0 ¥05. 2862 1 61. 1500.0.08 1. 53. u
12 162. €.0 2633 1 61e 150040408 le S3. v
19 0.0 102. 2633 1 61, 1500.0.,04 1. 53, u
20 0.0 0.0 253a - N
21 C.C 2637. 2538 N
BUEUE LENGTH DELSY
VFHICLES VEH-HRS

998,19 1036.90
0.0 0.0
999,19 1036.930

INFUT POINT
MERGING FOINT
ToveL

Figure 128,

INSTITLTE (F TRANSFORTARTYION AND TRAFFIC ENGINEFRING

ON=-RANP 1

UNIVERSTITY OF CSLIFORNIM
BERKELEYy COLIFORNIS
TIMT SLICE 5 6:00 FM
NO. OF FRIORITY LENES = ©
SU3 FINSL JIMAND ORIGe VBL FVWRY WESVE V/C DENS
<EC CRE 0ES vOTAL CA4F EFF A\ 242N
1 133S. C.0 333% 3335, 350, 040 D432 9.
2 CoC 00 1335 1335, 838C. 0.0 Ce3t 9
3 1331. 0e0 2668 2666. 9300. 0.0.0.,29 9.
L] (4 a0 2666 2666. 7650, 0eD 035 11
5 0.3 67+ 2566 2666, ECOC, 0.0 O 0a 3w,
6 23C. Oe0 2829 2829. 600C. 040 0.87 1S.
1 13¢C. Be0 2959 2959, 600C. 0.0 0.49 186,
g CeC 3284 2959 2959 600C. 00 049 16,
3 357, 0.0 3188 3188, 6000, 0.0 0.53 18,
1c Ce.C 128. 3188 3188. 6000, 0.0 0.5%Y 18,
11 185, 0.0 32€9 3209. 765C. CeQ 0,82 14,
12 {.C 180. 32C9 3209. 6000. 00 0.53 18,
13 12, 0e0 3153 3153, 6000, 0.0 0.53 17,
14 CeC 719, 3153 3153. 600C. GeD 053 17,
15 0.) 221. 2934 2938, 6000. 0.0 0.89 16,
16 189, 0.0 2862 2862+ 6C00. 0e0 Cen8 15.
17 0.9 391. 2862 2862. 350, 0.0 C.66 23,
18 1€2. Ce0 2633 2£33, A35C. 0.0 D631 20,
13 2.3 93. 2633 2633, 8350, 0.0 0.81 20,
2Cc Cof 0.0 2538 25384, W35C. 0.0 Ce58 19,
21 Ned 293%. 253% 2534. 4350, 0.0 0.58 19,

Figure 129,

MPH

(L
.9,
0.
LY
.
47e
.
6.
LTS
as.
L1.NY
45.
«é.

L1:2%
..

46
2.

3.
a3,

.
-,

7. NOR SPO - speed curve for normal lanes,

8., WR SPD - speed curve for unreserved
lanes.

9. RES SPD - speed curve for priority lanes.

.GROWIH PERICD O

WENANN WA DWW R W WD SN W

Example PRIFRE Simulation Resuits =

Example PRIFRE Simulation Results
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10. TRK.,FAC. = the truck factor (0.970).

11. ORG,DES. - an O indicates an origin at
the beginning -of the subsection and a D
indicates a destination at the end.

12, LFT RMP - would be 1 1f any ramp was on
the left,

VERSION 22.0
PAGE ND. 24

OCCUPANCY SHIFT 1

UNRFSERVED OR NORMSL CPERATIGNS

N L L LTI T R R N R R T T

NL

VoL CWP MERVE V/C DEN HMPK TRav G LENE QUELE
EFF \74.74% TIME = FEET RA
183F. 4350, 6,0 0.33 99. 5. 7.3 * 1000. 100C -101.
1373. 2900. 0.0 0.47 83. 8e 1491 ® 1390, 1390 =-101.
2708, 7750, 0.0 0,35 103, S. 2.92 * 1341, 1341 -101.
2708, E120. 0e0 Oon& 91, Te 5,0% o 3294, 3294 -~101.
2708, 8500, 0.0 0,60 75. 12, 0.85 * 900. 90C ~-101.
2867. 4500. 0.0 D.64 72. 13, 1,60 * 1863. 1863 -101.
2997. 2500, 0.0 0,67 70. 18, 2.06 » 2677. 2577 -101,
2997. 4500. 0.0 0s67 70 14, 1.66 » 2075. 2075 -101.
3226. N500. 040 De?72 &7+ 164 2.19 ¢ 3091. 3091 -101.
3226. 4500, 0.0 072 67. 16¢ 1.17 = 1F 44, 1684 -101.
3287. 6120, 0.0 0,53 32. 10, 1,21 * 1p%4., 1054 -101,
3247, 4500. 0.0 0.72 67+ 16« 1,06 * 1506. 1506 -101.
3191, 8500, 0,0 0471 68. 164 2,74 ¢ 3795, 379t -101,
3191, 8500, 0.0 0e71 68+ 16« J.83 ¢ 1982, 1982 ~101.
2972. %5004 0.0 0.66 T1e. 144 1.20 * 1478. 1478 -10}.
2900. 4500, 0,0 D.6E% T2, 13, 1.59 ¢ 1860. 1B8C -101,
2900. 2900. 0,0 1.00 u9, 2%, 0.73 1890. € 0.0
2657. 2900. 0eD 0.92 36. 360 1,07 3434, [} 0.0
2657, 2900. 0.0 0.92 36. 36 0,77 2474 c 0.0
2617. %350, 0.0 G.F0 20. #3. 0,13 500 c 0.0
2617. 4350. 0«0 D.60 20, u3. 0.286 1000. o 0.0
Priority Operation
VERSION 22.0
P#GE ND. 12
GRDWTH PERIOD O OCCUPANCY SHIFY 1
TRev LENE QUEUE Ra
TIME FEET
023 1000, ] C.0
0e32 1390. 0 0.0
0431 1381, 0 0.0
0eT7 3294, ] 0.0
0.22 900, ] 0.0
0485 1863. [ 0.0
0.63 2577, o 0.0
0.51 2075. 0 0.0
0.37 3091, o 0.0
D.a1 1644, 0 0.0
0.25 1054, 0 0.0
D.38 1506 0 0.0
0.95 3788, ] 0.0
D.w9 1982. L] 0.0
0.36 1878, ] 0.0
0.46 1880. 0 0.0
0.5 1830, o 0.0
0490 3634, 1] 0.0
0.65 2474, ] 0.0
D13 S00. [} 0.0
0.26 1000, [} 0.0
= Non Priority Operation
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13. SUBSECTION LOCATION landmark(s) of

subsection.

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 example
of which is shown in Figure 128, The column
headings are defined in the Figure for the
numer ical 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,"
which means that a queue in subsection 6 is

growing (l.e, backing upstream) and left
the subsection (i.e., entered subsection
5) at 0,106 hour after the current time
slices When T2 = ,000, the queue began the
time slice with a queue already backed
upstream.

The next message is "QUEUE SPLIT 7" indicates
that (in this case) subsection 7 could not
handle the sum of demand and discharging

TRAVEL TIMZ FOR ONE NON-FRIDRITY TRIF .01 MINUTES
] ] 2 3 L] s 6 7 8 9
1 13C7. 1E39. 2175. 24C2. 2820. 2939. 3173. 3355, 333%.
2 880. 1812. 1748. 1975. 2393. 2513. 2784, 2928, 2968,
3 4 ©33. 869. 1096. 1513, 1633, 1861, 2008, 2088.
~ 9.0 3$72. 708. 935, 13%3. 1073, 1708, 1888. 1928,
5 Col 0. 336« S6§3. 98C. 1100. 1332, 1516, 155S.
6 0.2 .0 C. 227. 648, 768, 996, 1180, 1219.
7 Cul 0.C 0.G C.0 417, S37. 769, 953. 997,
8 3.2 0.0 0.0 0.0 c.0 0. 232, 416, 455,
€ C.C C.C 0.0 0.0 0.0 0.0 C. 188, 224,
TRAVEL TIPE FOR ONE FRIORITY TRIF .01 MINUTES
[+] 2 3 L} 5 6 1 8 9
1 384, %23. 62%. £78. 802, 833, 918, 1040, 1079,
2 118, ?57. 358. 413. 536. 568, 6%8, 774, 81N,
3 C. 139, 240. 295, 418, X&S0. 630, 656, 69F.
L) (%] 99, 200. 255. 378. &J0, %90, 617. 656,
S C.C 0. 1C1. 186 27% 311, 391, 517, 557,
& 3.9 0.0 [.Y 55, 178, 210. 290. WN16. WS6.
7 C.C 0.0 0.0 Ce 123, 15S. 235, 361. W01,
9 3.2 0.0 0.0 0.0 0.0 0. 80, 207. 296,
e C.C 8.0 0.0 Ce0 0e0 0.0 Cs 126. 166,
CURRENT TIME INTERWAL
FRIZWRY TREVEL TINE (NOR) 37« VEH-HRS 56 PASS-HRS
FREEWAY JRIVEL TINE TUNR) T40. VEH-HRS 925, PASS~HRS
FRIZMAY TROVEL TINE (RES) 4, VEH-HRS 25, PASS-HRS
INFLY DELAY ENDRI 1037, VEH-HRS 1439.P 855~ HRS
INFUT DELAY [UNR} 0.0 VEH-HRS 0.0F#S S-HRS
TOTAL TREVEL DISTSNCE 11050 VEH/MI, 15028, PASS-MI.
TOTYAL TRAVEL TIME UNOER
PRYJRITY QP:I RATIONS 1818. VEH-HRS 2886, PASS-KRS

YOTAL YRAVIL TIME UNDER NON-PRIORITY OFERATIONS

TRAVEL YJFE SAVINGS OVER NON-PRIORITY OFERSYION =

Figure 130,
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vehicles and an existing queue split into
two. The subsection becomes a bottleneck,

The last two messages occur in the last time-
slice of a decreasing queue situation. PRI-
FRE tries to clear a queue at the end of a
time-slice but this is not always possible,
Thus, if a time slice is 0.25 hour long and
the queue length reaches zero at 0.231 hour,
the message "SEC 7 TL = 0.231" occaurs,

If the queue still exists after 0.25 hours,
it is cleared and the message "“SECT 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 priority condition to be
"implemented,"” the output report is of the
form shown in Figure 129,

Travel Time and Summary Data

The next output is the travel times. Tables

of single trip travel times iIn hundredths of
a minute from each origin to each destina-

CUMULETIVE VALUES

183, VEH-HKRS

868, VEH-HRS

38+ VFH-HRS
1994, VEH-HRS
0.0 VEH-HRS

688884, VEH/MI.

6083, VEH-HRS

1893, VFH-HRS

-0183.4 VEH-HRS

790, PASS-HRS

4847, PASS-HRS

218, PASS-HRS
2815.PASS~-HRS
0.0P1S5-HRS

96253, PeSS-MI,

8170, PASS-HRS

2901, PASS-MRS

~5269.1 P8SS~HRS

Example PRIFRE Summary Report
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tion, both for non-priority trips and prior-
ity irips (see Figure 127). Below these
tables ae the summaries of normal, unre-—
served and reserved total travel time (veh-hr
and passenger~hr) and the input delays., All
data are given for the current time siice and
cumulatively, Then total vehicle-miles and
passenger-miles ae given and finally the
comparison of total travel time (a!l vehic-
les) under norma! vs, priority conditions and
the savings realized by priority operations,

ADDITIONAL FEATURES

PRIFRE Is a special purpose simulation model
and does not have any overt additional fea-
tures, However, by proper manipulations 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
meter ing rate (eg. 900 vph).

A later extension of this model called FREQ-
6PL combines the priority lane analysis with
the freeway simulation and entry control
optimization mode! 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 for buses and/or
carpools, Comparative data allow 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 primary limitations are listed as
follows:
1« The HOV lane can have only one eniry

point and one exit; thus concurrent flow

242

2.

3.

5.

lanes cannot be adequately studied, The
PRIFRE documentation (Reference 12,1)
recognizes this and some preliminary work
has been reported on techniques to over-
come the deficiency. 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 HOV
lane, and conversely, from the HW ‘o an
off-ramp. LCHANGE has not been incorpor-
ated into PRIFRE per se; however, a later
combined version of this and another pro-
gram, called FREQ6PL goes a long way ‘o
overcome this deficiency (Reference
12.7).

Since PRIFRE 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 handling of queues on the freeway.
For example, when +*ying to evaluate
improvement plans which called for adding
auxiliary lanes with the algorithm pre—
dicted earlier, longer and siower queues
developed when two queues col lided. This
was probably due to an erroneous assump-
tion of a linear relationship between
shockwave speed and queue growth/dis-
charge rate.

The instantanenous propagation of vehi-
cles from upstream to downstream results
in spiraling errors which limit a study
section to about 10 miles, otherwise
gross errors can occur. Under 10 miles,
the approximetions are more reliable,

Such assumptions as constant demand and
homogeneity of flow within subsections
and time slices lead to obvious over-
sights. Thus the results must be con-
sidered to be the "average operation of
an incident-free freeway where all driver
behavior is exactly predictable.,"

No conslideration is given to violators In
the HOV lane, or qualified HOV's that do
not use the priority lane,



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 more people in the
same number or fewer vehicles, and at higher
speeds,

EXAMPLE APPLICATION

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,

Problem Description

The example freeway is {~95 in north Miami,
Florida. The section under study extends
from the interchange with the Airport
Expressway north to the Iinterchange of 1-95
with Palmetto Expressway and the Florida

Turnpike, 1-95 Is the primery highway facil-
ity in this northern corridor of Dade County
connecting major residential areas in north
Dade and southern Broward County (Ft.

Lauderdale) with major employment centers in
the greater Miami area.

I-95 was a six to ten lane, divided, full
access controlled interstate highway, In
1975 it was determined that an effort would
be made to use this facllity as a demonstra-
tion to determine the potential benefits, of
preferential treatment for high occupancy
vehicles (HOV's),

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's at 3
person per vehicle and 2 persons per vehicle,
The other set of alternatives included 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 all 12 foot in
widthe 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 for
grades or obstructions. The developed capa-
city for the existing lanes and the addition-
al (priority) lane are shown on Figure 131,

Analysis of Existing Conditions

As part of each set of input data the exist-
ing conditions (without priority lane opera-
tions) 1s coded as well as an alternative
priority lane operation. PRIFRE does not
have a standard input coding form, therefore,
a copy of the 80 x 80 l|isting of input data
is shown on Figure 132, |t should be noted
that the blank spaces are Bus Origin & Desti-
nation cards which must be included even if
there are no 1rips 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 established parameters and
the sectlon characteristics.

The measures of effectiveness for the exist-
ing operation are shown as part of the cumu-
lative 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. During this two hour
period the freeway served 80,483 vehicles-
miles of fravel and 123,215 passenger-miles.
There were no input detays for wvehicles
enter ing the system.

Define and Analyses of Alternatives

The first alternative included a parameter to
define one existing lane reserved for vehi-
cles with 2 or more persons. Figure 133
shows the results of the simulation run under
this condition.
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Palmetto Expressway ———

151 st. Street ———— —s

135 th. Street -N.
135 th. Street —S.

125th. Street

119 th. Street

103rd. Street

95 th. Street

SECTION DESCRIPTION

Bist. Street
T9th. Street

64 th. Street —_— _ZL

62 nd. Strest —_— —<>—

Lane Drop

/1'95 No LENGTH LANES CAPACITY (vph)
Florida Turnpikn — \/y (FT.) [EXIST.|PRIOR] TOTALIEXIST.IPRIOR.{TOTAL
% 21 End Section 1000 3 o] 3 43850 o} 4350
20 | End Prior Lane 500 3 (o] 3 4330 0 4350
19 | off —ramp 24 T4 3 { 4 4800 |1800 |6000
I8 o8 —ramp 3434 3 1 4 480013500 {6000
:é% kg off ~ramp 1890 3 1 4 48001500 {6000
16 on —ramp 1880 4 | 5 5150 {1500 | 7650
-4}- 1] off —ramp 1478 4 ] .1 5150 | 1800 | 7630
14 oft —ramp 1982 4 | 5 5150 | 1500 | 7650
Wr
13 oA —ramp 3793 4 I L] 3180 1500 7650
'Q%- 12 off —ramp 1506 4 \ -1 51501 1300} 7650
1 on — ramp 1054 5 | 6 7800| 1500 | 9300
_< 10} oft —ramp 1644 4 1 5 5150} 1500 | 7650
9 on —ramp 309t 4 | 3 51 50) 1500 7650
8 off —ramp 2078 4 | s 3150 1500 76530
T on —ramp 2877 4 | [ 5150 1800] 7650
[ on —ramp 1863 4 | [ 51580 1500] 76530
. off —ramp 900 4 | 3 5180 1500{ Te50
4 lane drop 3294 5 | [ 7,600] 1500] 9300
s on - ramp 3414 6 ] 7 8,450 1%00 10,950
2 {Begin Prior Lane 1390 3 1 4 4500| 1500] €000
Begin Section 1000 3 o] 3 4350 — 4350

Airport Expresswiy ——————- T_::Eh
|

Figure 131,

Note:

PRIFRE Section Data for 1-95 Example Problem
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1-9% MIEMI(RIRFOPRT XWAY TD GOLON GLADES)I-EXIST.

€0
€0
€0
€0
€0
EQ

36
30
26
15
24
18
15

0

1.8

15
(4]
red
13
20
1%
13

0

0

HOV EXAMPLE
21 2 1 2 3
1 3 4350 10C0
2F 3 8350 1500 1390
3F & 9300 15C0 134]
4F 5 7550 1500 32S4
5F 4 5200 1500 9cC0
SF 4 £3C0 1500 1863
7F 4 00 1500 2577
8P & BJ00 1500 2075
3F 4 E000 15CC 3C°1
10F 4 BD00 1500 1644
11F 5 B5D 15C0 1C54
12F » #0000 1500 15C6
13F 4 5200 15C0 378%
14F 4 6000 1500 19¢&7
15F § 6300 15C0 1u78
13F 4 6203 1500 1880
17F 3 4350 15CC 1880
13FP 3 4350 15C0 3434
T3F 3 9350 15CC 2474
20 3 4350 15CC 5CO
21 3 8350 icce
1500
TIME SLYCE 1 3.30 FM
90 5B.5 22.1 5.3
53 100 10 129 125 1
53 38 73 109 158 1)
0 11 5 20 18
4 2 7 17 1%
0 ] 5 17 21
0 c 0 1 4
o [ ¢ 0 1ic¢
0 0 0 c 4
0 [ c ¢ c
TIMT SLICZ 2 §20C FM
40 53.C 242 7.2
TINE SLICE 3 6200 FM
80 71.0 2240 4.7
%5 34 33 109 109 1
%3 33 53 92 13€ 1
0 s 5 16 15
[ i 5 15 13
0 0 5 15 18
[} 4 s 1 4
c ¢ ¢ [ 8
0 ] Y c c
0 0 o} 0 0
£ND 0D

Figure 132.

0 1. 1 ?
6C B0 .87 N
EC 6C .97
€0 FO
£0 6C .97
60 6C .97
6C BC .37
6C EC .97 D
6C £0 .97
€C KC .97 O
60 EC .97
6C 60 .97 0
6C 60 .97
6C €C .97 O
60 BC .97
EC 6C .97
6C €0 .97 O
60 EC .97
60 60 .97 O
6C 60 .97
60 60 .97
6C 6C .97
1 4380
«8
?
&
237 *R1234
2C% 501295
59 10 237
15 4 147
63 15 u4C
29 11 177
23 10 1ue
13 & 2725
0 7 260
el
3
1
]
[3
1
2C1 451042
122 433093
49 8 19%
13 ? 1z2¢
54 13 371
23 9 149
19 8 123
11 5 19¢
0 5 219

PRIFRE Input Data Listing for [-95 Example Problem

[}

b

0

b

1.

BEGIN SECTIMN (LOCS. BEGIN SFCTS.)

3

BEGIN FPIUGRITY LA&NE

«97 00 ?0IRFORT X-W8Y (N
LANE DROP

135
151
END
END
2 4

<7
ST
ST
<7
ST
<7
<7
ST
ST

> ST

ST
ST
ST
ST
ST
FR
SE
350

(FF
oN

CN
{iFF
GN
OFF
ON
UFF
ON
GFF
UFF
On
FF
0N
OFF
IORITY L ANE
CYION

NOTE:

in this figure.
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D1
03
Oy
02
ns
c3
a&
0%
a7
ns
DE
a8
07
ne
08

D9

Coded bus and vehicle
0&D cards for other time
periods were not included

LANES 2 FPERS HOV LN
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Figure 133, PRIFRE Simulation Results for 1-95 Priority Lane (2 persons/vehicle)
with Existing Lanes,
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PRIFRE Simulation Results for 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 evaluate the use of the
priority lane for 3 or more persons per vehi-
cle. This alternative was also based upon
the existing lanes,

Another set of alternatives were also de-
fined, The basic alternative included +the
addition of another lane within the median.
This required that lanes and capacities be
modified on the Iinput cards, Figure 127
showed the input data listing for this condi-
tion. The two levels of occupancy previously
used were coded for this improved condition.

Evaluation of Alternatives

As a result of the previous task a total of
six conditions, or alternatives, were defined
and measures of effectiveness were obtained
for each run, A summary of these results are
shown on Table 32,

The designation of one of the existing lanes
as a reserved lane for high occupancy vehi=-
cles resulted in an overall reduction in
total passenger travel time, Due to the re-
duction in lanes for non-priority vehicles
input queues occur, The resuits in an in-
crease In total travel time for both vehicles
and passengers. Vehicle hours of fravel
under the 2 persons per vehicle restriction
Is increased by 248 percent (from 1893 ‘o
4703 veh-hrs) and passenger hours are in-
creased 187 percent (from 2901 to 5433 pass.
hrs). Increasing the vehicle occupancy 1o 3
persons per vehicle per hour further
decreased overall travel time,

With the addition of one
with no resirictions, a slight decrease In
vehicle hours of travel ocaurs from 1893 to
1762 as wel| as a decrease in passenger hours
of travel, from 2901 to 2698, or approxim te-
ly a seven (7) percent improvement,

lane of traffic,

Table 32 ~ Compar ison of PRIFRE Results For Alternative Freeway Operations 1-95

EXISTING LANES

ADD ITIONAL LANE

No. With Priority Lane No. With Priority Lane
Measures of Effectiveness Pr. Ln 2 pers, 3 perse. Pr. Ln 2 pers. 3 pers.
Freeway Trave! Time=Veh/Hrs. 1893 3943 4089 1762 1813 1854
Pass/Hrs. 2901 4361 5355 2698 2158 2523
Input Delay-Veh/Hrs, -0- 760 1994 -0- -0- -0~
Pass/Hrs, -0~ 1072 2815 -0- =0~ -0~
Total Travel Time-Veh/Hrs. 1893 4703 6083 1762 1813 1854
Pass/Hrs. 2901 5433 8170 2698 2158 2523
Total Travel Distance-Veh/Mi, 80483 73701 68884 80483 80483 80483
Pass/Mi. 123215 90189 96253 123215 97254 111057
Input Queue Length
Vehicles -0~ 314 999 -0- (=51.1) (~92.3)
Yeh/Hrs. -0- 414 1037 -0~ 540 175.0
Travel Time Savings
Over Non=Priority Ophs
Veh/Hrs, -0~ (-2809) (-4189) -0~ -0~ -0=-
Pass/Hrs., -0~ (=2533) (-5269) -0- -0- -0~
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Further benefits occur in reduced passenger
hours of travel with the designation of one
lane for vehicles with 2 or more persons per
vehicle, A tfotal reduction of 540 passenger
hours of travel, or 20%, occurs with only a
slight lincrease in vehicle hours of fravel
(51,1 hours or 3%). Increasing the vehicle
occupancy to 3 persons increases the vehicle
hours of fravel 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 lane for two or more persons per
vehicle, In actual fact the lane was
constructed and originally designated 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 would occur, Unfortunately this
did not occur and the lane was redesignated
for two or more person vehicles.

Summary of Work Effort

The following summarizes 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 vehictes entering the
freeway as well as vehicle and bus occupancy.
Normally these data are not avallable and
field studies will be required., One method
to obtain this data is to have field person-
nel located at each on-ramp and of f~ramp with
tape recorders. Two Individuals would nor-
mally be required at each on-ramp. One would
record the number of vehicles with 1,2,3,4
and 5 or more persons per vehicle while 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 also would record the time

and license plate number of each exiting
vehicle, This information would then be
coded, and keypunched for processing by a

computer to match the destination of each
entering vehicle. It is estimated that

249

PRIFRE

approximately 48 manhours of effort "per
Interchange" is required to obtain 0-D and
vehicle occupancy data for two hours in the
AM and PM per lods.

Data Coding ~ Data coding was rather straight
forward and required little time after data

was obtained in a usable fashion, Approxi-
mately six hours were required for +the
initial coding and an additional four hours

were required to Identify and correct coding
errors,

Computer Time - Execution time was extremely
fast varying from .71 to .79 seconds of CPU
time. Core storage of 96k was required for
each run,
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CHAPTER 13 - FREQ3CP (FREEWAY OPTIMIZATION MODEL)

In addition to providing. exclusive lanes
along a freeway for high occupancy vehicles
(HOV's), some success has also been obtalned
by giving priority treatment to HOV'!'s at
entrances (on-ramps) to freeways. In
addition to providing preferential treatment
to entering HOV's to encourage higher
utilization of capacity and to reduce energy
consumption, ramp conirol (metering) Is also
useful to control the flow of entering
traffic Into the freeway to minimize the
travel time and delays for the system as a
whole.

The model presented In this chapter, FREQ3CP,
has been used In the past to evaluate ramp
meter Ing strategies. |t has been Included In
the FHWA Transportation Planning "BACPAC"
I lbrary for a number of years but no techni-
cal support Is available. FREQ3CP does pro-
vide a useful tool in calculating the effect
of various ramp control strategies on freeway
operations. However, In its present form It
does not evaluate the effect of diverted
traffic on the adjacent parallel street
system, Work Is underway by the Unliverslty
of California at Berkeley to incorporate
FREQ3CP's features In models which handle
both the freeway and adjacent network. Chap-
ter 14 discusses some of these emergency
models,

MODEL DESCRIPTION

The physical system considered by this model
Is a directional, urban freeway sectlon and
the associated ramps. The freeway section is
described as a serles of contiguous sections
which are internally operationally homoge~
nous. The model allows the engineer to de-
sign and evaluate entry confrol strategles 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 rudimentary %ashion,
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Figure 134,

Typical Ramp Meter ing Operation

FREQ3CP is an acronym for FREeway Optimiza-
tion with Queuing, version 3CP (Confrol and
Priority treatment).

The model optimizes flow, based on any of
four objective functions, using a linea pro-
gramming submodel (PREFO). The decislion
variables are the ramp metering rates, High
occupancy vehicles (HOV's) can be given
priority freatmsnt at any or ail entrance
ramps, or exclusive access at some ramps,

The evaluation 1is accomplished by a macro-
scoplc simulation submodel (FREQ3) which was
developed expressly to analyze freeway opera-
tions, A number of traffic mnagement
strategles can be investigated by FREQ3CP,

FREQ3CP (Ref. 13.1, 13,2 & 13,3) is an exten-
slon of an earlier model, FRE) (Ref. 13.4)
which performed essentially the same simula-
tion, except the latter version has several
additional features. FREQ3CP adds the opti~
mization of ramp control with priority
enfry.

The program consists of approximtely 2000
lines of code with 80% of them actual foriran
statements, The program requires approxi-
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mately 180k bytes of core memory on an [BM
computer,

Analyses by FREQ3CP can be obtained for the
existing conditions and for optimal control
conditions using any of a variety of strate-
gies, The physical system is limited to 20
on ramps, 20 off-ramps and 40 freeway seg-
ments,

INPUT REQUIREMENTS

The following basic data are

FREQ3CP:

input to

t. Analysis Options and Parameters
a) Control Strategy Option
b) Formulation Option
c) Diversion QOption
d) Confidence Coefficient
e) Physical Limits
f) Preselected Operational Parameters

2. Freeway Characteristics
a) Capacities
b) Weaving Considerations
c) Speed-flow Characteristics
(optional)
d) Ramp Characteritics

Figure 135,

Typlcal FREQ3CP Data Deck
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3. Demand Characteristics
a) Passenger Occupancy Distributions
b) Origin-Destination Patterns
¢) Diversion Equilibrium Queue Length

Table 33 summarizes the input requirements
for FREQ3CP. Much of the data would normally
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 would
require special field O-D studies to obtain,

The other input requirement is for vehicle
occupancy information, These data include
the number of vehicles with 1, 2, 3, 4 and 5
or more persons, as well as buses, The data
deck layout for inputting the information is
shown in Figure 135, Normally four to eight
time periods will need to be analyzed to
obtain sufficient data for evaluation.

OPERAT |ONAL SUMMARY

The program reads and checks the user sup-
plied 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 files are
created and execution begins,

A complete run consists of the following
sequential steps (see Figure 136).
1« The freeway simulation submodel (FREQ)3)

Is executed for the existing condition
and impacts are repor ted,

2, The optimization sub-model (PREFQ) s
executed to determine the optimal meter-
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Table 33 - Input Requirements For FREQ3CP

CARD TYPE

PURPOSE

DATA REQUIREMENTS

Title (1 per run)

Provide title of simutation,

Descriptive information,.

Option Control
(1 per run)
(required)

Specify the type of simulation
and the contfrols for this run.

Choice of submodels (with or without

freeway simulation and/or ramp meter-
ing or not), objective function (pas~
senger, vehicles, pass. miles or veh,
miles), type of diversion, confindent
limits, output, reports, etc.

Problem Title
(1 per run)

Provide title for problem.

Descriptive information,

Parameter
(1 per run)

Define freeway perameters,

No. of sections & time periods, out-
put data, speed-v/c curves, growth
factors (if desired), type of 0-D
data, etc.

Capaclity
(1 per section)

Define freeway section physi-
cal and operating character-
istics,

No., of lanes, capacity, length,
truck factor, speed-v/c curve, If on
and/or off ramp is present, and
description information,

Ramp Limits
(1 per run)

Define ramp capacities or
constant metering rate.

General ramp capacity and capacity
at special on-ramps.

User Speed-V/C
(optional)

Define special speed-V/c
curves developed by user,

X (V/C) and Y (speed) coordinates
of curve,

Passenger Occupancy
(1 per on-ramp)

Define vehicle occupancy and
number of buses for each on-

Percent of vehiclie with 1,2,3,4 and
5 or more passengers and buses,

ramp.
Bus Occupancy Define bus occupancy for each Average passenger occupancy of buses
(1 per run) on-ramp. for each on-ramp.

Partial Diversion

Equilibrium Ramp

ueue (1 per run)
L

Define maximum permissible
queue for each on=-ramp.

Maximum queue desired on each on-ramp
in turns of number of vehicles or

delay time.
ME SLICE (PERIOD) EVALUATED |

[Time Siice TTtle
(1 per run)

Provide Tifle for fime perTod.

Description intormation (autos and/
or Bus 0-D data).

Occupancy (1 per
per iod)

Define network average vehicle
occupancy and revise on-ramp
capacity.

Average number of passengers in each
vehicle and revised on-ramp
capacities.

0-D Title
(1 per 0-D Table)

Define title for the origin
destination tables that follow.

Descriptive information (autos and/
or Bus 0-D data).

1 per on-ramp per
0-D Data

Define the destinations of
vehicles enter ing each on-

Number of vehlicles and bus trips
from each on-ramp to each of f-ramp.

0-D table) ramp.
Preset Ramp Define ramp meter ing strategy Lower |imit for the occupancy level
Strategy for each on=-ramp. of priority vehicles at all on-ramps,

(1 per period)

Meter ing Rate Limi+
(2 per period)

Define maximum and minimum
metering rates.

Maximum and Minimum meter ing rates
(vph) for each on-ramp.

End OD (1 per run)

To terminate current
simulation run,

Code END 0D,
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Figure 136, Generalized Flowchart of the

FREQ3CP Model

ing system tfo maximize the user selected
objective function. The optimal design
Is output,
3., FREQ3 is executed again with the results
of the optimization submodel to compute
the impacts of the specified control
strategy, and the results are reported,

This sequence provides the user with impacts
for the "before" condition and the "after™
affects of the control strategy.

COMPUTAT IONAL ALGOR ITHMS

There are four primary computational func-

tions in FREQ3CP., These are within the pro-
gram, One Is manual and consists of four
subfunctions, These are described separately
in the following sub-sections,

Simuiation Function (FREQ3)

There was |ittle change In this submodel, the
algorithms are detailed in Reference 13.4.
Algorithms are used to simulate the following
tasks:

FREEWAY
OESIGN
FEATURES
saEcTeo "“:“;. PREDCT ves
FREEWAY MODEL IMPACTS

(Fmea 3) errecTs

"o

ey | o) PRIONTY LINEAR
DEMAND TRAFFIC CONTROL PROGRAM
PATTERN STRATEGY OPTIMIZATION
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On=-ramp queuing;

2. Subsection demands;

3. Merging analysis;

4, Weaving analysis (ramp to ramp only,
optional);

5. Bottleneck analysis;

6. Flow on freeway; and

7. Off-ramp queuing.

All algorithms are based on the Highway Capa-
city Manual techniques (Reference 13.5), The
most significant algorithm is the calculation
of travel time on the freeway, The program
uses the speed vs. volume/capacity (V/C)
ratio curves, but the user may also override

this by inputting his own curves. See
Chapter 12, PRIFRE, for further details on
FREQ3.

Optimization Function (FREFO)

is a standard
formulation of the

sub-model
(LP)

The optimization
| inear programming
general type,

max zl C‘ X (13.1)

X, <b

subject to: a 1 2 (13.2)

17Ki k’

for all k,
and all X > 0.5i

The C; are cost coefficlents, X; are
decision variables, i are "technology"
coefficients and b, are |imits. The basic
optimization submodel used in FREQ3CP (PREFQ)
is documented in Reference 13.1.

There are four objective functions available
in FREQ3CP. Any of the following may be
maximized:

1. Vehicle input rate,

2. Vehicle-milies of travel,
3. Passenger input rate, or
4, Passenger-miles of travel.

The complete set of objective functlons are
given as fol lows:
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n
max VEHICLE INPUT RATE = I, X, (13.3)
n (13.4)
max VEH. MILES OF TRAVEL = %X
n 6
max PERSON INPUT RATE = (I I 0X, (13.5)
or
n 6
PERSON MILES = % I £ 0 X (13.6
maX OF TRAVEL 21 k=1 IkCIKC Tk )

where: number of vehicles entering at
ramp i;

average trip length of vehi-
cles entering at ramp | (from
origin~destination tables);
occupancy levels, e.g.
Ojx=k=1,2,3,4,5 for cars at

all ramps and for k=6, the aver-
age bus occupancy at ramp i;
number of vehicles with
occupancy level k(=1,2,3,4,5,6)
at ramp i; and

same as before, but

separated into occupancy levels,
k; and

number of ramps.

Xik

ks Otk

n

The constralnts of the Iinear programming
model are also varied. Those which are
always used are the capacity and non-negat!v-
Ity constraints, The constraints are dis-
cussed below for the passenger-based analy-
sls, since the vehicle-based functions are
subsets of the other,

The first set of constraints is that the
mainline capaclity in any subsection cannot be
exceeded, or

n
Pl Xt Frpp Xig toeee (1307
+ FISR,XIS + Fl6£ex < C4,

for £=1,p;

255

where Fiig= fraction of tratfic from
on-ramp | with passenger
occupancy K(k=1 through 5 for
autos and 6 for buses) passing
through subsection £;

= bus equivalency factor;

capacity of subsection ;

and all the rest as before.

Cq

The second set of constraints Is that the
volume on any on-ramp cannot exceed the
demand at that ramp, or

X , for i=1, n and k=1,

6; (13.8)

ik <Pk
Tk ledl k

ramp | with occupancy level k;
and where;

where D = traffic demand at

d = traffic demand from on ramp

1jjk
W o of f-ramp j, with passenger

level k; and
m = number of of f-ramps.

It should be borne in mind that k = 6 is for
buses, The non-negativity constraint Iis
slmply Xjk 2 0 for | = 1, n and k = 1,
6.
Several additlonal constraints are optional.
The metering rates can be Iimited by the
following:

6 6

Z .
21 k< Ml and XIk m; (13.9
for i =1, n;

where M;, m; = maximum and min imum
metering rates at ramp I,

respectively.

These minimum constraints may be required,
for example, to prevent the ramp queue back-
ing onto a surface street or to keep the
violation rate down,. The maximum may be
appropriate at a ramp which has an excel lent
alternative route or to discourage short
tripse Ramp closing may be accomplished by
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setting M; to zero. Exclusive use of a
ramp for buses can be accomplished by chang=-
ing the '6' in (13.6) to '5' and setting M;
= Q0. Carpools could be given similar exclu-
sive use by making the upper 1imit of k equal
one less than +the desired carpool level,
These options are summar ized as follows (all
for on-ramp 1I):

e No control: X;x = Dyk, k = 1,6.
2. Autos only: Xig = 0
3. Priority Vehicles only:
X{1 = Xj2 = eee = Xjk,= 0,
where K is one less than desired carpool
level.
4. Buses only: Xjj = Xj2 = ees =
Xi5 = 0.
5. Ramp Closed: Xj = 0, k = 1,6,

There are other optional control (optimiza-
tion) strategies which are more detailed, and
the Interested reader may consult Reference
13.1.

OUTPUT REPORTS

There are four 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. During
the simulations there is an output report for
each time slice,

The output reports are discussed in the sub-
sections below; however, the following Infor-
mation is helpful for better understanding
the output:

1« A priority cut-off-tevel of 1 for an on-
ramp indicates that all vehicles are con-

sidered to be priority vehicles, i.e.,
the metering rate 1Is 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 original demand, and
that this on-ramp should be metered at
the rate specified by the model.

3« The program always prints the metering
rate for the mainline input (on-ramp No.
1), however, the printed metering rate
is always equal to the original demand.
Therefore, an asterisk (¥) never appears
In front of the priority cut-of f-level of
the mainline input (see number 2 above),
Originally, the program was designed with
the capability of controlling the
mainline input, but the current version
of the program automatically sets the
maximum and minimum metering rates of
the mainline Iinput equal fo the ori-

ginal demand, regardless of the values
of the specified maximum and minimum
rates,

4, Sometimes there is a very small differ-
ence (.2% at the most) between the number
of passenger- (or vehicle~) miles of
trave! printed from the PREFO subprogram
and the FREQ3 subprogram, The former is
more accurate than the latter,

input Data Report

The first output is a report on the freeway
character istics data, which allows the user
to check the inputs for accuracy, This
report is shown in Figure 137, which Is self
explanatory.

Freeway Performance Before Control

Figure 138 shows a typical report on freeway
performance during a typical time slice. The
table entries are reasonably self explana—
tory, but the fol lowing points may need high-
lighting:

1. Note that the
"Adjusted

"0-D Data Demands" and the
Volumes" correspond unless
demand exceeds the freeway capacity
("FRWY CAP."), In this case the excess
demand on the freeway ("DEM.") is reduced



RAMP METE IMPROVE I-95 MIAMI(AIRPORT XWAY TO GOLDN GLADES)- MAX PASS MILES

FREEWAY DESIGN PARAMETERS
FREQ3CP PROBLEM (PM PEAK PERIOD ~ RAMP METERING WITH RMB,MIN 0CC =2)

INPUT DATA

19 SUBSECTIONS
2.00 TIME-SLICES PER
0 USER-SUPPLIED SPEED FLOW CURVES
0 GROWTH PERIODS AT RATE
WEAVING EFFECTS CONSIDERED

FREQ3CP

SUB NO. SSEC SSEC TRK DESIGN ORG LFT SUBSECTION LOCATION
SEC LNS CAP LENGTH FAC SPEED DES RMP
1 3 4350 2390, 0.970 60 0 ¢ BEGIN SECTION (LOCS. BEGIN SECTS.) 019
2 6 9300 1341 0.97¢0 60 ] 2 AIRPORT X-WAY ON 02
3 5 7650 3294 0.970 60 0 LANE DRO
4 4 6000 900 0.970 60 D [} 62 ST OFI D1
5 4 6000 1863. 0.970 55 0 0 62 ST ON 03
[] 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 0 0 81 ST ON 05
9 4 6000. 1644 0.970 60 D 0 95 ST OFF D3
10 5 7650 1054 0.970 60 ¢ 0 95 ST ON 06
11 4 6000 1506 0.970 60 D 0 103 ST OFF D4
12 4 6000 3795. 0.970 (1] [ 0 103 ST ON 07
13 4 6000 1982. 0.970 60 D 0 119 ST OFF D5
164 4 6000. 1478 0.970 60 D 0 125 ST OFF Dé
15 4 6000 1880. 0.970 60 0 0 125 ST ON 08
16 4 6000. 1890. 0.970 60 D 0 135 ST QFF D7
17 4 6000 3434, 0.970 60 0 [4 135 ST ON 09
18 4 6000. 247% 0.970 60 D 0 151 ST OFF D8
19 3 4350. 1500. 0.97¢0 60 D 0 END SECTION D9
¥ INDICATES USER SUPPLIED SPEED-FLOW CURVE NUMBER
RAMP LIMITS =1500.
ON-RAMP 1 LIMIT=4350.
ON=-RAMP 2 LIMIT=64350.
Figure 137. Typical FREQ3CP Input Data Report
TIME SLICE 3 4:30 PM
TIME SLICE 3 OF 6
GROWTH PERIOD 0 OF 0
OCCUPANCY 1.56
QUEUE COLL. SECTION 6 T2= 0.079
QUEUE COLL. SECTION 5 T2:. 0.081
QUEUE OUT OF SECTION 1
SUB  NO. SSEC 0~D DATA DEHANDS ADJUSTED VOLUMES FRWY WEAVE \ 4% DENS. SPEED TRAVEL QUEUVE- STORAGE
SEC LNS LENGTH ORG. DES. ORG. DES. vOL. CAP. EFF v/MsL MPH TIME LENGTH RATE
1 3 2390. 2834. 0. 2834. 2023. 0. 2023. 4350. 0. 0.47 22.8 29.6 ¥x  0.92 2390. 811
2 6 1341, 2838. 6. 5672. 2838. 0. 4861, 9210, 90. 0.53 39. 20.8 %% 0.73 1361, 811,
3 5 3294. 0. 0. 5672. 0. 0. 4861 7560. 90. 0.8% 53.2 18.3 *x 2.05 3294. 811
4 4 900. 0. 1643, 5872. 143. 4861, 5910 90. 0.82 55. 21.8 wx  0.47 900. 811,
5 4 1863. 494 0. 6023, 4 0. 5212. 6000 0. .87 55.27 23.4 wx  0.91 1863 788.
6 4 _2577. 284, 0. 6307. 4 0. 5496. 6000 0. 0.92 55.0 25.0 wx 1,17 2577 504,
7 4 2075. 0. 272. 6307 0. 258. 5496 6000 9. 0.92 56.8 26.2 wx  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, 267. 6797 0. 233. 5923. 60080 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.
1" 4 1506 383. 6840 0 332. 6000. 6000 0. 1.00 50.8 29.5 0.58 0. 0
12 4 3795. 264. ¢. 6721, 264. 0. 5932. 6000 6. 0.99% 48.2 30.8 1.40 0. 0
13 4 1982. 0. 464. 6721, 0. 404. 5435. 6000. 0. 0.9t 44.4 30.6 0.74 1693 497.
14 4 1478 0. 471, 6257. 0. 413. 5032. 6000, 0. 0.84 37.0 34.0 %% 0.49 1478. 497.
15 4 1830 316. 0. 6192 316. 0. 4935. 6000, 0. 0.32 38.9 31,7 %% 0.67 1880. 497.
16 4 1890 0. 834, 6102 ¢. 736. 4935. 6000 0. 0.82 %2.7 28.9 %% 0.764 1890. 497
17 4 3434 345 0. 5613, 345. 0. 4543. 6000. 0. 0.76 49.6 22.9 ¥x 1,70 3434, 497,
18 4 2474 0 216. 5613, 0. 193. 45643, 6000. 0. 0.76 60.2 18.9 %% 1.49 2474 497.
19 3 1500 0. 5397. 5397, 0. 4350. 4350 4350, 0. t.00 49.2 29.5 0.58 [
TOTAL 40168. TOTAL 17.94
QUEUE LENGTH DELAY
VEHICLES VEH-HRS
ON-RAMP 1 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, VEH-HRS= 1405. PASS HRS 2169. VEH-HRS= 3391. PASS~HRS
IN DELAY= 0. VEH-HRS= 0. SS—HRS 0. VEH-HR 0. PASS-HRS
OUTPUT DELAY= 0. VEH-HRS= 0. PASS-HRS 0. VEH-HRS= 0. PASS-HRS
TOTAL TRAVEL TIME= 901. VEH~HR 1405. PASS-HRS 2169. VEH- HRS' 3391. PASS~HRS
TOTAL TRAV DISTANCE= 23600, VEH-MI. 36816, PASS-MI. 79170. VEH-MI. 123818. PASS-MI.
Figure 138. Typical FREQ3CP Freeway Performance Report Before Control
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CONTROL STRATEGY ON PASSENGER BASIS

ON-RAMP ORIGINAL DEMAND PRIORITY FREEWAY INPUT RATE  NON-PRIORITY PRESET CONTROL STRATEGY
NO. (VEH) (PASS) CUT-OFF LEVEL (VEH)  (PASS) METERING RATE
VT 1553 2325, 2 1553 2325. 1069 NO METERING
2 1505 2158. 2 1505 2153, 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-QOFF LIMIT
7 142 206, 2 142 206. 98 PRIORITY CUT-OFF LIMIT
8 168 244, 2 168 2644, 116 PRIORITY CUT-OFF LIMIT
9 184 267. 2 186 . 267. 127 PRIORITY CUT-QOFF LIMIT
TOTAL 4543 6638 4543 6638.
R ATl o INYERXAL MILES 24524°UULE’IEIAL§‘{ESVALEJ§§9" PASS-MILES
TOTAL TRAVEL DISTANCE 24524. VEH-MILES 3589 PASS- . - . -
TOTAL DEMAND 4543. VEHICLES 6638. PASSENGERS 4543 VEHICLES 6638. PASSENGERS
TOTAL INPUT VOLUME 4543, VEHICLES 6638. PASSENGERS 4543, VEHICLES 6638. PASSENGERS
TOTAL DIVERTED DEMAND 0. VEHICLES 0. VEHICLES
TOTAL DEMAND TRANSFERED
TO THE NEXT TIME SLICE 0. VEHICLES 0. VEHICLES
Figure 139, Typical FREQ3CP Optimization Control Report

to the volume ("VOL.")
cess is stored
Tlono

level and the ex-
in the upstream subsec-

2, System measures are gliven below the table
for the current time slice and cumula-
tively.

Several less Important reports are also
available at this stage. These include up-~
dated O-D tables and single trip travel times
between all origins and destinations,

Optimization Contro! Report

Again, for each time slice the freeway

performance is reported In a report very
similar to Figure 138, except that queuing
data at each ramp are also given, In

addition to the other secondary reports
mentioned eariier for the before condition,
reports are given on the demand diverted to
surface streets and delayed Iinto the next
time slice, Most significantly, the optimal
meter ing rates are given Iin a table such as
Figure 139,

ADDITIONAL FEATURES

FREQ3CP is designed mainiy to assist in
developing optimal entry control strategles
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for a general use freeway whose on-ramps are
metered, but priority vehicles can bypass the
signal. With manual interfacing, priority
lane(s) on the freeway can be analyzed as
well, Freeway design improvements can also
be evaluated with FREQ3CP by appropriately
adjusting the capacities and/or speed - V/C
curves.

Later versions In the FREQ-series have ex-
panded this model to Increase the analysis
and correct earlier deficlienciess For exam-
ple FREQACP (Ref. 13.6) added estimation of
fuel consumption and vehicle exhaust emis-
sions as well as estimtes of spatial and
modal responses. Further enhancements re-
sulted in FREQ6PE as a corridor model which
analyzes the impacts on surface streets in
detail (Ref. 13.7). FREQ6PL (Ref. 13.,8) com-
bines the basic FREQ-model with the exclusive
lane analysis of PRIFRE (see Chapter 12).
Both FREQ6PE and FREQ6PL are being used by
numerous localities to test the improvements
represented by these advanced models.

APPLICATIONS AND LIMITATIONS

As stated earllier, there are a variety of

analyses which can be accomplished wusing
FREQ3CP., The emphasis, of course, Is evalu=
ating entry control strategies (eg. ramp
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metering) and priority treatment for HOV's at
ramps (eg. ramp metering bypass). Priority
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
written,
In. addition to the quantitative I|imitations

(esge, 20 on-ramps, 20 off-ramps and 40 sec~
tions), and the absence of many of the Iim-
provements noted In the previous section,
there are several other limitations which
should be recognized. These ae of two
types: a) those which are inherent |{imita~
tions and b) those which are based on assump-
tions that may not be fully realistice The
latter are not necessarily critical, but the
user should be aware of the possible ramifi-
cations,

The qualitative mode! |imitations are summar-
ized 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. This can be a serious problem
and In actual experience, surface streets
are often blocked, or fraffic iIs delayed
by queues which back onto them. FREQ6PE

is a more comprehensive model In this
respect,
3. Spatial shift 1is not estimated. No

arterial-to-freeway shift is recognized,
nor is "backtracking" to use an upstream
ramp (which is not uncommon). Again,
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. Traffic flow is considered homogenous Iin
each subsection and In each time slice,
While to assume otherwise would require
(much more complex and expensive) micro-
scopic simulation, it must be recognized
that the results of the FREQ simulation
are "average day" in a no-incident envi-
ronment,

6. The assumption Is made that in the no
control condition, the freeway and alter-
native surface routes are in equilibrium
(i.es equal travel time)., This assump~-
tion is clearly not universely valid.

7. Time spent In a queue Is assumed to be
valued wequally as time In motion,
Studies have -suggested otherwise; how-
ever, this can be tempered by appropriate
assignments of ramp cut-of f=limi+ts,

8. Finally, the linear programming optimiza-
tion which maximizes either passenger or
vehicle input or miles of travel may not
adequately address objectives some users
may have, For example, some users may
wish to minimize total travel time. Such
time based measures are generally non-
| inear functions, however, and more com—
plex model ing techniques are required.

A number of the limlitations noted have been
overcome in later enhancements of the FREQ-
series, notably FEQ6PE. Users interested in
later versions (including FREQ6PL (an exten-
sion of PRIFRE) should contact the Institute
of Transportation Studies, University of
California at Berkeley,

EXAMPLE APPLICATION

The 1-95 freeway system described in the pre-
vious chapter was also used to illustrate the
use of the FREQ3CP model, The fol lowing
describes the results of this application,
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Problem Description

The previous model, PRIFRE, was used to eval-
uate the benefits of priority lane operation
under existing conditions as well as with
construction of a new lane in the median,

The alternatives to be evaluated in this
problem are the potential benefits of ramp
contfrol, with either conirolled metering of
all vehicles or priority treatment for high
occupancy vehicles, For the purpose of this
problem an HOV vehicle will be defined as one
with 2 or more persons per vehicle.

Analysis of Existing Condltions

A sketch and summary table similar to the
PRIFRE example was prepared., Basically, the
only difference was the combining of the
first two and last two sections, since no
change in freeway geometric or usage will
occur under this operation. Figure 140
iltustrates this condition,

Since standard coding forms are not avail-
able for FREQ3CP an echo |isting 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 O-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 input data a report was obtained on
existing operations. The results are simi-
lar to those obtained from PRIFRE.

Figure 142 illustrates the outputs from this
run, The first section of the output is a
listing of the freeway sections, and the
characteristics, as well as tables showing
the distribution of vehicie and bus occupancy
by on-ramps. Information is shown on the de-
mand during the period, volume accommodated,
MOE!'s (V/C ratio, density, speed, travel
time) and any queues which 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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interval and cumulative values ae also
shown. The results for existing conditions
are similar to those obtailned in Chapter 12,
In actual practice these results are used tfo
compare with actual field operation in order
to calibrate the model, Although 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 optimize passenger-mites of freeway
travel. The only change required between
these two alternatives was to change the
optimum conirol card from one objective
(maximum vehicle inpuf) to the other (maximum
passenger-miles of freeway iravel).

The other three alternatives were based upon
the addition of another through lane, which
was proposed previously as reserved for
HOV's, However, in this case operation was
evaluated with no confrols as well as with
control of vehicle entry and priority entry
for high occupancy vehicles. These alterna-
tives required that the lanes and capacity of
the freeway section be changed (19 cards), as
wel| as the optimum control card.

Figure 143 illustrates the results obtained
for existing conditions under ramp meter ing
to maximize vehicle input. The first two
reports for each time slice shows the 0-D
volumes, minimum and maximum meter ing rates,
and the contro! strategy used for the per iod
as well as the demand that was diverted to
the arter ial streets and/or fransferred +to
the next time sliice. After that report has
been printed for each time slice the results
of a simulation after controls have been
impiemented are shown, These are similar *o
the reports obtained earlier with no ramp
controls.

Evajuation of Results

Table 34 summarizes the resuilts obtained for
each two alternatives on a system wide basis.
With the existing lanes, but with ramp meter-



FREQ3CP

SECTION DESCRIPTION
LENGTH LAMES CAPACITY (vph)

no. (r1.) jexist.|emion ToraLlexist. erion.[ToraL

19 | €ad Section 1800 ] 0 3 |4380| o |a380

18 | oft —rame 2474 | 4 [4800 1800 |8000
151 st. Street -V-

17| on —remp 3434 3 ¢ 4 ]4800/|1800 |6000
135 th, Street-N. __
13518, Street —$. 16| ottt ~remp 111 3 i 4 |eso00]i800 000

18| ea —remp 1880 4 | s |81850 |1s00 | 7Te80
125 th, Street —— 14 | otf ~remp 1470 4 | [ ] 8180 | 1800 | 7680
119 1. Street _— (3] ott —remp 182 | 4 1 s | si1s0] 1s00] Tesm0

12} on —remp 3798 4 i s |sis0] 1500| Te80
103rd. Street —_— | ottt —ramp 1806 4 | s |sis0] 1s00] 7eso

0| on —remp 1084 s | . 1000| 1300 9300
25 . Street —_— _&. 9 | ott —reme 1644 4 | s | sis0] 1s00] 7650

0| on -reme 3091 4 ( s si 80| 1s00| 7eso0
Slat. Street p— T " —remp 2078 | o | s | siso| 1800 ] veso
TOM. Strest _— ¢ _

. » -remp a7 | 4 ' s | siso]| 1800] 7e80
G4 1h. Street -_— o | on-reme ees | & | s |sis0] 1s00| 7es0
62 nd. Stroet — 4 off —remp 900 L] 1 ] 8180] 18500 T¢

3 | 1ene ey 3204 s ' ¢ | 7800]| i1300] 9300
Lene Drep

2 o —remp 1341 [} | 14 8,480] 1900 NO,980
Alrpert Exprossway e

I |[Degin Sectien 2390 3 0 3 |eso| — |e300

Flgure 140, FREQ3CP Section Data for |1-95 Example Problem,
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FREQ3CP

RANP METE  I1TROVE I-95 MIAMICAIRPORT XWAY TO GOLDN GLADES)- MAX VEHICLE INPUT
T 9 2

MVI S . 1.0 .01 22
FREQ3CP PRORLEM (PM PEAK PERIOD - RAMP METERING WITH RMB,MIN 0CC =2)
19 2. 1 60. 0 H
1 3 4350 23%0 .97 000 BEGIN SECTION (LOCS. BEGIN SECTS.) 01
2 6 9300 1341 .97 000 2AIRPORT X-WAY OH 02
3 5 7650 3294 .97 00 LANE DRCP
4 4 6000 900 .97 00 D 62 ST OFF D1
5 4 6000 1563 .97 550 62 ST 0N 03
6 6 6000 2577 .97 550 69 ST Ol C4
7 4 6600 2075 .97 00 D 79 ST OFF D2
8 4 6000 309t .97 000 81 ST 0O C5
9 4 6000 1544 .97 00 D 85 ST OFF D3
10 5 7650 1054 .97 000 ¢5 ST Oh 06
11 4 6000 1506 .97 00 D 103 ST OFF D%
12 4 6000 3795 .97 €00 193 ST ON 07
13 4 6000 1932 .97 00 D 119 ST OFF b5
1% 4 6000 1478 .97 €0 D 125 ST OFF L6
15 4 6000 18330 .97 000 125 ST 0O ]
16 4 6000 1890 .97 00 D 135 ST OFF 17
17 4 6000 3434 .97 090 135 ST OH 09
18 4 6000 2474 .97 00 D 151 ST COFF |83
19 3 4350 1500 .97 00 D EMD SECTION D3
1500 1 6350 2 4350
.675.216.051.029.008.021
.685.220.052.030.004.004
L683.221.052.030.009 0
.683.221,052.030.009 0
L688.221.052.030.009 0
L605.221.052.030.009 0
.685.221.052.03C.909 0
653.221.052.030.009 0
685.221.052.030.009 0
G0, 40.
T 0 2 2 2 2 2 2 2 2
2 TINE SLICE o 3:30 PM
1.56
AUTO 0-D TARLE
37 69 73 89 89 94 163 38 849
40 68 55 75 110 90 141 35 891
¢ 8 4 14 13 153 e 7 160
0 2 5 12 i1 11 11 3093
0 0 % 2 15 17 4% 11 303
4 0 G | 313 20 5 1202
3 ] 3 0 70t 16 7 101
0 ] 3 0 0 Y 9 G 105
0 il 0 0 0 0 4 5 179
RUS 0-D TADLE
2
0

2 1 NC 2 NC
050001200120015001200%120012001200
900 150 180 240 180 180 180 130
2 TINE SLICE 2 4:00 PN
1.57
AUTO O-D TABLE

2 1 NC 2 NC
0500012001200150012001200120012C0

300 150 180 240 130 180 180 150
END 0D

Figure 141, FREQ3CP input Data Listing for {-95 Existing Conditions.
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FREQ3CP

RAMP METE IMPROVE I-95 MIAMICAIRPORT XWAY 70 GOLDN GLADES)- MAX VEHICLE INPUT

FREEWAY DESIGN PARAMETERS
FREQ3ICP PROBLEM (PM PEAK PERIOD - RAMP METERING WITH RMB,HNIN CCC =2) 15,

INPUT DATA

19 SUBSECTIONS

2.00 TIME-SLICES PER HOUR

0 USLR-SUPPLIED SPEED FLOW CURVES

0 GRO!Ii PERIODS AT RATE 0.0
WEAVING EFFECTS CONSIDERED

SUB  NO. SSEC SSEC TRK DESIGN ORG LFT SUBSECTION LOCATION
SEC LNS CAP LENGTH FAC SPEED DES RMP
1 3 4350, 2350, 0.9790 60 0 0 BEGIN SECTION (LOCS. BEGIN SECTS.) 01 17.
2 6 9300, 1341, 0.970 60 0 2 ALRPGRT X-LHAY ONH 02 18.
3 5 7650. 3294. 0.970 60 ] LANE DROP 19.
4 4 6000. 900. 0.970 60 D 4 62 ST OFF D1 20
5 4 6000 1863, 0.970 55 0 [ 62 ST CN 03 21,
6 4 6000 2577. 0.97¢0 55 0 ] 69 ST OH C4 22.
7 4 6000 2075. 0.970 60 D g 79 ST OFF 2 23.
8 4 6600 3091, 0.970 60 0 0 81 ST QN 05 24.
9 4 6000 1644. 0.970 60 D 0 95 ST OFF D3 25.
10 5 7650. 1054. 0.970 60 0 0 95 ST OH 06 26
1 4 6000. 1506. , 0.970 €0 D 0 103 ST OFF D% 27
12 4 6000. 3795. 0.970 60 0 0 103 ST ON 07 28
13 4 6000 1982. 0.970 60 D 0 t19 ST OFF ps 29
14 4 6000 1478. 0.970 60 D 0 125 ST OFF D6 30
15 4 6000 1830. 0.970 60 0 0 125 ST 0% 038 3N
16 4 6000 1890. 0.970 60 D 0 135 ST OFF D7 32
17 4 6000 3434. 0.970 60 0 0 135 ST ON 09 33
18 4 6000 2474. 0.970 60 D 0 151 ST OFF D8 34.
19 3 4350 1500. 0.97¢0 60 D 4 END SECTIOHM D9 35.

* INDICATES USER SUPPLIED SPEED-FLOW CURVE NUMBER

RAMP LIMITS =1500.
ON-RAMP

t LIMIT=4350.
ON-RANP 2 L1

NIT=64350.
¥*DISTRIBUTION OF PASSENGER OCCUPANCYXX

0ccH occ2 oces 0CC4 0CC5 8US
01 0.675 0.216 0.05% 0.029 0.008 0.921
02 0.685 0.220 0.052 0.030 0.C0¢ 0.004
03 688 0.221 0.052 0.030 0.009%9 6.0
0 4 0.68 0.22 0.052 0.030 6.009 c.0
95 0.688 0.221 0.052 0.03 0.009 0.0
06 0.688 0.221 0.052 0.030 0.009 0.0
07 0.62 0.221 0.052 0.030 0.009 0.0
o8 0.638 0.221 0.052 0.3830 0.089 0.0
039 0.638 0.221 0.052 0.030 0.009 0.0
¥XBUS OCCUPANCY¥¥*
01 02 03 04 05 06 07 08 09
40. G0. c. 0. 0. 0. 6. 0. 0

¥FREEWAY PERFORMANCE SIMULATIGN-BEFORE CONTROL
TIME SLICE 1 3:30 PM 48.

TIME SLICE 1 OF 6
GROUTH PCRIOD 0 OF 0

OCCUPANCY 1,56
SU8  NO. SSEC 0-D DATA DEMANDS ADJUSTED VOLUMES FRUWY WEAVE vsC DENS. SPEED TRAVEL QUEVE-~ STORAGE
SEC NS LENGTH ORG. DES. DEM, ORG. DES. VOL. CAP. EFF™ V/n/L MPH 1M LENGTH RATE
1 3 2390, 1503, 0. 1503. 1503, 0. 1503, 4350. 0. 0.35 10.4 48.1 0.56 0 0.
2 6 1361, 1505. 0. 3008. 1505, 0. 30C8. 9300, 0. 0.32 10.2 49.2 0.31 0 0.
3 S 3294. 0. 0. 3008. 0. 0, 3008. 7650. 0. 0.39 12.5 48.0 0.78 0. 0.
4 4 200. 0, 77. 3008. g. 77. 3008. 6000 0. 0.50 16 .4 46.0 0.22 0 0.
5 4 1863. 265. 0. 3196, 265. 0. 3196. 6000, 0. 0.53 16.1 49.7 0.43 0 0.
6 4 2577. 153. 0. 3349. 153. 0. 3349, 6000. 0. 0.56 16.9 49.5 0.59 0 8.
7 4 2075. 0. 147, 3349 0. 147. 33649, 6000. 0. 0.56 18.7 44.9 0.53 [N 0.
8 4 3091, 6406, 0. 3608, 406 . 0. 3608. 6000. 0. 0.60 20.5 46.0 0.80 0. 0.
9 4 16644 0. 141, 3608, 0. 141, 3608. 6000 0.- 0.60 20.5 44.0 0.42 0 0.
10 5 1054 167. 0. 3634. 167. 0. 3634. 7650. 0. 0.48 15.6 46.5 0.2¢6 0 0.
1 4 1506. 0. 203. 3634, 0. 203, 3634. 6000. 0. 0.61 20.7 43.9 0.39 0 0.
12 4 3795. 142, 0. 3573, 142, 6. 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 0.51 0. 0.
14 4 16478 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. 0.564 17.9 45.2 0.47 0. 0.
16 4 1890, 0. 445, 3239. 0. 445. 3239. 6000. 0. 0.5¢ 7.9 45.2 0.47 0 0.
17 4 36434, 184 . 0. 2978. 186, 0. 2978. 6000. 0. 0.50 16.2 46.1 0.85 4 0.
18 4 2476, 0. 118, 2978. 0. 118, 2978. 6000. 0. 0.50 16.2 46. 1 0.61 0. 0.
19 3 1500, 0. 2860. 2860. 0. 2860. 2840. 4350. 0. 0.66 22.7 42.1 0.41 0. 0.
TOTAL 40168. TOTAL 2.96

Figure 142, FREQ3CP Simulation Result for 1-95 Existing Conditions,
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FREQ3CP

TIME SLICE 3 4:30 PM

TIME SLICE 3 OF 6
GROUTH PERIOD. 0 OF 0
OCCUPANCY 1.56

QUEUE COLL. SECTION 6 T2= 0.079
QUEUE COLL. SECTION 5 72= 0.081%
QUEUE QUT OF SECTION !

SUB NO. SSEC 0-D DATA DEHANDS ADJUSTED VOLUMES FRUWY WEAVE 1 24 DENS. SPEED TRAVEL QUEUE- STORAGE

SEC LNS LENGTH ORG. DES DE? ORG. DES. VvoOL. CAP. EFF v/MsL MPH TIME LENGTH RATE
1 3 2390. 2834. 6. 2834. 2023. 0. 2023 4350 0 0.47 22.8 29.6 xx 0,92 2390. 811
2 6 1361, 2838. 0. 5672. 2838, 0. 4861 9210 90 0.53 39.0 20.8 *x 0.73 1341, 811
3 5 3294. 0. 0. 5672. 0. 0. 4861 7560 90. 0.64 53.2 18.3 x% 2,05 3294, 811
4 4 900, 0. 143, 5672, 0. 143. 4851, 5910. 90. 0.82 55.7 21.8 ¥ 047 .900. 811
5 4 1863, 494, 0. 6023, 494, 0. 5212, 6000 0. 0.87 55.7 23.4 ¥x 0.9 1863. 788
6 4 2577. 284, 0. 6307. 284, 0. 5496. 6000. 0. 0.92 55.0 25.0 % 1,17 2577. 504,
7 4 2075. 0. 272. 6307. 0, 258. 5496. 6000. 0. 0.92 56.8 264.2 ¥ 0,97 2075. 504.
-] 4 3091, 762, 0. 6797, 762. 0. 5923. 6000. 0. 0.99 50.2 29.5 x t.19 315, 77.
9 4 1644 . 0. 267. 6797. 0. 233. 5923. 6000. 9. 0.99 50.5 29.3 ¥x%  0.64 1644, 77
10 5 1054 310, 0. 6840. 310. 0. 6000. 7650. 0. 0.78 49.4 264.3 ¥%  0.49 1054. 77.
" 4 1506. 0. 383. 6340. 0. 332. 6000. 6000, 0. 1.00 50.8 29.5 0.58 0. 0
12 4 3795. 264, 0. 6721%. 264, 0. 5932. 6000. 0. 0.99 48.2 30.8 1.640 0 0
13 4 19%82. 0. 6464. 6721, 0. 404. 5435, 6000, 6. 0.91 44.4 30.6 * 0.74 1493, 497.
14 4 1478, 0. 471, 6257. 0. 413, 5032. 6000. 0. 0.84 37.0 36.0 %% 0.49 1478 497
15 4 1880. 316. 0. 6102, 316. 0. 4935. 6000. 0. 0.82 38.9 31.7 %% 0.67 1880 497
16 4 1890, 0. 834. 6102. 0. 736. 64935. 6000. 0. 0.82 42.7 28.9 ¥%  0.74 1890 497
17 4 3434. 345, 0. 5613, 345, 0. 6543, 6000. 0. 0.76 49.6 22.9 %% 1,70 3434 497
13 4 2474. 0. 216. 5613, 0. 193, 45%3. 6000. 6. 0.76 60.2 18.9 %% 1.49 2474 497.
19 3 1500. 0. 5397. 5397. 0. 4350. ¢350. 4350, 0. .00 49.2 29.5 0.58

TOTAL 40168. TOTAL 17.94
QUEUE LENGTH DELAY
VEHICLES VCH-HRS
ON~-RAMP 1 INPUT POINTY 13.17 0.11
MERGING POINT 0.0 0.0
TOTAL 13.17 0.1
CURRENT TIME INTERVAL CUMULATIVE VALUES
FREEWAY TRAVEL TIME= 901, VEH-HRS= 1405. FASS-HRS 2169. VEN-HRS= 33 PASS-HRS
INFUT DELAY= 0. VEH-U1 8. PASS-HRS 0. VEH-HRS= 0. PASS~HRS
QUTPUT DELAY= 0. VEH-HR 0. PASS-IIRS 0. VEN-HRS= 0. PASS-HRS
TOTAL TRAVEL TINME= 90%. VEN-HRS= 1405. PASS-HRS 2169. VEN-HRS= 3391. PASS-HRS
TOTAL TRAV DISTARCE= 23600. VEH-MI.= 36816. PASS-MI. 79170. VEH-NI.= 123818. PASS-MI.
TIME SLICE 6 6:00 FM 173.

TIME SLICE 6 OF ¢
GROWTH PERIOD 0 OF 0
OCCUPANCY 1.57

SUB NO. SSEC 0- D DAYA DEMANDS ADJUSTED VOLUMES FRWY  WEAVE v/C DENS. SPEED TRAVEL QUEUE- STORAGE
MrH

SEC LNS LENGTH ORG . ORG. DES. VoOL. CAP. EFF \ 4 TIME LENGTH RATE
1 3 2390, 1333, 0. 1333. 1333, 0. 1333. 4350, 0. 0.31 9.1 48.8 .56 . .
2 6 1361, 1332. 0. 2665, 1332, 8. 2665. 9300. 0. 0.29 8.9 49.8 g.gl gA g.
3 ] 32964. 0. 0. 2665. 0. 8. 2665. 7650. 8. 0.35 10.9 48.8 0.77 0. 0.
4 4 900. 0. 68. 2665. 0. 68. 2665. 6000, 0. 0.44% 16.2 47.1 0.22 9. 0.
5 4 1863 . 233. 0. 2830. 233, 0. 2830 6000, 0. 0.47 141 50.2 0.42 Q. 0.
6 4 2577. 137. 0. 2967. 137. 0. 2967. 6000. 0. 0.649 14.8 50.0 .59 0. 0.
7 4 2075. 0. 130. 2967. 0. 130. 2957. 6000. 0. 0.49 16.1 46 .1 0.51 0. 0.
8 4 3091, 360. 0. 3197, 360, 0. 3197. 6000. 0. 0.53 17.6 45.4 0.77 0. 0.
9 4 1644, 0. 126. 3197. 0. 126. 3197. 6000. 9. 0.53 17.6 45.4 0.41 0. 0.
10 5 1056 . 147, 8. 3218. 147, 0. 3218. 7650, 0. 0.42 13.5 47.5 0.25 0. 0.
1" 4 1506, 0. 181, 3218, 0. 181, 3218. 6000. 0. 0.54 17.8 45.3 0.38 0, 0.

12 4 3795. 125. 0. 3162. 125, 0. 3t62. 6000, 0. 0.53 17.4 45.5 0.95 0. 0.
13 4 1982. 0. 220. 3162. 9. 220. 3162. 6000. 0. 0.53 17.4 45.5 0.5¢0 0. 9.
1% 4 1478 . 0. 224. 2942. 0. 224. 2942. 6000. 0. 0.49 15.9 46 .2 0.36 0. 0.
15 4 1880. 149. 0. 2867. 149, 0, 2867. 6000. 0. 0.48 15.4 46 .4 0.46 0. 0.
16 4 1390, 0. 393, 2867. 0. 393. 2867. 6000. 0. 0.48 15.4 46 .4 0.46 0. 0.
17 4 3434, 162. 0. 2636. 162, 0. 2636. 6000, 0, 0.4¢9 14,0 47.2 0.83 0. 0.
18 4 2474 0. 103. 2636. 0, 103. 2636. 6000. 0. 0.44 t4.0 47.2 0.60 0. [
19 3 1500, 0. 2533. 2533. 0. 2533, 2533. 4350. 0. 0.58 19.4 43.6 0.39 0. 0.

TOTAL 640168. TOTAL 9.72

CURRENT TIME INTERVAL CUMULATIVE VALUES

FREEWAY TRAVEL TIME= 458. VEH-HRS= 719, PASS-HRS 4052. VEH-1RS= 6347. PASS-HRS

INPUT DELAY= 0. VEH-HRS= 0. PASS-HRS 0. VEH-HRS= 0. PASS-HRS

OUTPUT DELAY= 0. VEN-HRS= 0. PASS-HRS 0. VEH-HRS= 0. PASS-HRS

TOTAL TRAVEL TIME= 458. VLII-HRS= 719. PASS-HRS 4052. VEH-HRS= 6348. PASS-HRS

TOTAL TRAV DISTANCE= 21436, VEH-MI.= 33655. PASS-MI. 145010. VEH-MI.= 227188. PASS-MI.

END OF SIMULATION FOR ABOVE CRITERION

Figure 142, FREQ3CP Simulation Result for 1-95 Existing Conditions (Continued),
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¥TIME SLICE 3 OF 6

THE STRATEGY IS SUCH THAT THE V/C DOES NOT EXCEED 0.99 WITH 0. 90

TAKING INTO CONSIDERATION THE FLUCTUATION OF THE MAINLINE INPU

THE MAINLINE INPUT IS ASSUMED TO BE NORMALLY DISTRIBUTED WITH VARIANCE‘
2 0D VTABLES USED TO DETERMINE PASSENGER OCCUPANCY

PROBABILITY
1.00 *MEAN

COMBINED ORIGIN-DESTINATION TABLE--AlLL VEHICLES
ORIGIN-DESTINATION TABLE(VEHICLES PER HOUR)

ORIGIN DESTINATION ACROSS
DOWN
0 1 2 3 4 7 8 9
1 71. 132, 141, 171 172. 181, 315. 72. 1647,
2 76. 127. 106. 142, 208. 168. 265. 67. 1683.
3 0. 14. 7. 26. 23, 33. 77. 13. 301,
4 0. 2. 10. 23. 20. 20, 20. 185,
5 0. 0. 8. 23. 27. 30. 82. 20 572.
[ 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. 4 0. a. 0. 8. 337.
SUM(DEST)> 145. 275. 270. 387. 468. 475. 84t. 213. 5436.
SUM(ORIG) 2902. 2838. 494. 284, 762. 310. 266 316, 345,
HXMETERING LIMITS»*
1 02 03 0 4 05 06 07 038 o9
MAXIMUM MAIN 5000. 1200. 1200. 1500. 1200. 1200. 1200. 1200.
MINIMUM LINE 900. 180. 180. 240, 180. 180. 180. 180.

CAPACITIES TAKE 1. ITERATIONS TO CONVERGE

CONTROL STRATEGY ON VEHICLE BASIS

33636 3¢ 26 2 36 26 3 2 I N %X

FREQ3CP

LIMIT
LIMIT
LINIT
LINIT
Ly
LIy
LIMIT
LIMIT

ON-RAMP OR!GINAL DEMAND PRIORITY FREEHAY INPUT RATE NON-PRIORITY PRESET CONTROL STRATEGY
NO. VEH) (PASS) CUT-OFF LEVEL (VEH) (PASS) METERING RATE
1 2902 4527 0 2902 4527 0. NO METERING
2 2838 4427 0% 1531 2338 0. PRIORITY CUT-0OFF
3 494 771 0 494 771 0. PRIORITY CUT-OFF
4 284 643 0 284 443, 0. PRICRITY CUT-OFF
5 762 1189 0% 240 374 0. PRIORITY CUT-OFF
] 310 484 9 310. 48 0 PRIORITY CUT-OFF
7 264 412, 0 264. 412 0. PRIORITY CUT-OFF
8 316 493 0% 180. 281, 0. FRICRITY CUT-GFF
9 345 538 0% 180. 281 0. PRIORITY CUT-OFF
TOTAL 8515 13284, 6385. 9960
CURRENT TIME INTERVAL CUMULATIVE VALUES
TOTAL TRAVEL DISTANCE 35364. VEH-MILES 55167. PASS-MILES 91613, VEH-MILES 143233, PASS-MILES
TOTAL DEMAND 8515, VEHICLES 132864. PASSENGERS 18934, VEHICLES 29596. PASSCHGERS
TGTAL INPUT VOLUME 6385, VEHICLES 9960. PASSENGERS 16304, VEHICLES 26273. PASSENGERS
TOTAL DIVERTED DENMAND 2130. VEHICLES 2130, VEHICLES
TOTAL DEMAND TRANSFERED
TO THE NEXT TIME SLICE 0. VEHICLES 0. VEHICLES
DEMAND(VEH/T.S.) DIVERTED TO ARTERIAL STREETS
DISYRIBUTION PATTERN
ON-RAMP DIVERTED DESTINATION
NO. DEMAND NO.
(VEH/T.5.) 1 2 3 % 5 6 7 8 9
1 9. 9. 0. 0 0. 0. 0. 0. 0. 4
2 1307. 50. 86. 70 96. 140. 113, 179. 45, 528.
3 . 9. 0. 0 0. 0. 0. 0. 0. 0.
4 0. 0. 0. 0 8. 0. 0. 0. 0. 0.
5 522. 9. 0. 8 23. 27. 30. 82. 20. 332.
6 0. 0. 0. 0 9. 0. 0. 0. 0. 0.
7 0. 0. 0. 8 2. 0. 0. 0. 0. 0.
8 136. 0. 0. 0 0. 0. 0. 17. 7. 112,
9 165. 0. 0. 0 6. 0. 0. 0. 8. 157
SUM(DEST) 2130. 50, 86. 78. $19. 167, 143, 278. 80.1129.
DEMAND(VEH/T.S.) TRANSFERED TO THE NEXT TIME SLICE
DISTRIBUTICOH PATTERN
ON-RAMP TRANSFERED DESTINATION
0. DLMAND NO .
(VEH/T.S.) 1 2 3 4 5 6 7 8 9
1 0. 0. 0. 0. 0. 0. 0. 0. 0. 9.
2 0. 0. 0. 0. 0, 0. 0. 6. 0. 0.
3 0. 0. 0. 0. 0. 6. g. 0. 0. 0
4 9. Q. 0. 0. 0. 0. 9. 0. 0. 0
5 0. 0. g. 0. 0. 0. 0. 0. 0. 0.
6 0. 0. 0. 0. 0. 0. 0, 0. 0. 0.
7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
8 0. 0. 0. 0. 0, 0. 0. 0. 0. 0
9 0. o, 0. 0. 0. 0. 0. 0. 0. 0.
SUM(DEST) 0. 0. 0. 0. 6. 0. 8. 0. 0. 0

Figure 143,
Under Existing Condition,
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FREQ3CP

TIME SLICE 3 4:30 PM
TIME SLICE 3 OF 6
GROUTH PERIOD 0 OF O
0CCUPANCY 1.56

SUb  NO. SSEC 0-D DATA DEMANDS ADJUSTED VOLUMES FRUWY WEAVE \ 244 DENS. SPEED TRAVEL QUEUE- STORAGE

SEC LNS LENGTH ORG. DES. DEM. ORG. DES. VOL, CAP. EFF Vst MPH TINE LENGTH RATE
1 3 2390. 2902. 0. 2902. 2902. 0. 2902. 4350, 0. 0.67 231 41.9 0.65 0. 0
2 6 1341, 1531. 0. 4433. 1531, 0. 4433, 9300, 0. 0.48 15.9 46.5 0.33 0. 0
3 5 3294. 0. 0. 4433. 0. 0. 46433, 7650. ¢. 0.58 20.0 44 .4 0.34 0. 0
4 4 900. 0. 95. 4433. 0. 95. 4433. 6300. 0. 0.7% 27.4 41.0 0.25 0. 0
5 4 1863. 494, 0. 4832. 494. 0. 4832. 6000. 0. 0.81 25.6 47.3 0.45 0. 0
6 4 2577. 284 . 0. 5116, 284. 0. 5116, 6000. 0. 0.85 27.3 46.9 0.63 0. 0
7 4 2075, 0. 189. 5116, 0. 189. 5116, 6000. 0. 0.85 33.5 33.2 .62 0. 0
8 4 3091. 240. 0. 5167. 240. 0. 5167. 6000. 0. 0.8% 33.9 33,1 0.92 0. 4
9 4 16644, 0. 192, 5167. 0. 192, 5%67. 6000. 0. 0.86 33.9 31 0.49 0. 0
10 5 1054 . 310, 0. 5285. 310. 0. 5285, "76590. 0. 0.69 25.1 42.0 0.28 0. 0
11 4 1506 . 0. 268. 5285. 0. 268. 5285. 6000, 0. 0.28 35.0 37.7 0.45 8. 0
12 4 3795. 264, 0. 5280. 264 . 0. 5280. 6000. 0. 0.88 35.0 37.7 1.14 0. ]
13 4 1982 0. 301, 5280. 0. 301, 52850. 6000. 0. 0.83 35.0 37.7 0.60 0. 0
14 4 1478, 0. 332. 4980. 0. 332. 4980. 6000. 0. 0.83 32.5 38.3 .44 0. 0
15 4 1880. 180. 0. 4828. 180, 0. 4828. 6000, 0. 0.8¢ 30.6 39.4 8.54 0. 0
16 4 1890, 0. 564, 4828. 0. 564. 48328. 6000. 6. 0.890 30.6 33.4 0.54 0. 0
17 4 3434. 180. 0. 4494, 180. 0. 4444, 6000, 0. 0.74 27.1 40.9 0.95 0. 0
18 4 2474, 0. 137. 4444, 0. 137, 4444, 6000. 0. 0.74 27.1 40.9 8.69% 0. 0
19 3 1500, 0. 6307, 4306. 9. 4307. 4306. 4350, 6. 0.99 46.8 30.7 0.5%6 0. 0
TOTAL 40168, TOTAL 11,37
CURRENT TIME INTERVAL CUMULATIVE VALUES
FREEWAY TRAVEL TIME= 903. VEH-HRS= 1409. PASS-HRS 2191, VEH-HRS= 3425. PASS5-HRS
INPUT DELAY= 0. VEH-HRS= 0. PASS-HRS 0. VEH-HRS= D. PASS-HRS
OUTPUT DELAY= 0. VEH-HRS= 0. PASS-HRS 0. VEH-HRS= 0. PASS-HRS
TOTAL TRAVEL TIME= 903. VEH-HRS= 1609. PASS-HRS 2191, VEH-HRS= 3425. PASS-HRS
TOTAL TRAV DISTANCES= 36183. VEH-MI.= 56445. PASS-MI. 92432, VEH-MI.= 1644511, PASS-MI.
TIME SLICE 6 6:00 PM
TIME SLICE 6 OF 6
GReLTH PENIOD ¢ OF 0
gccupLsicy  1.57
suUn MO. SSEC 0-D DATA DEMANDS ADJUSTED VOLUMES FRUY WEAVE v/C DENS . SPEED TRAVEL QUEUE- STORAGE
SCC LNS  LENGIH 0R”G. DES. DEM. ORG. CZS. VOL. Crp. ErF vshisL MPH TIME LENGTH RATE
1 3 239¢C 1380. 0. 1380. 1386G. 0. 1380. 4350, 0. 0.32 9.5 48.6 0.56 e 0
2 6 1341 1332. 0. 27212, 1332. 0. 2712, 9300, 0. 0.29 9.1 49.8 0.31 0 0.
3 5 3294 0. 9. 2712, 0. 0. 2712, 76590, 0. 0.35 111 48.7 8.77 [ 0
4 4 300 0. 69. 2712, Q. 69. 2712, 6C20, 0. 0.45 14.4 46.9 0.22 0 0
5 4 1563 233, 0. 2876. 233, 0. 2876. 6000, 0. 0.43 16.3 50.2 0.42 0 0.
5 4 2577, 137. 0. 30143, 137. 0. 3013, 60C9O. 0. 0.50 15.1 50.0 0.59 0 0
7 6 2075. 0. 132. 3013, 0. 132. 30t3. €609 0. 0.50 16.4 46.0 0.51 0. ¢
8 4 3091, 369. 0. 3240. 360. 0. 3260. 6C00 0. 0.54% 17.9 45,2 0.78 0. 0
9 4 1694 0. 128. 3240, 0. 128. 3240. 6060 0. 0.54% 17.9 45.2 0.41 0. 0.
10 5 1054, 147. 0. 3259. 147. 0. 325%. 7650 0. 0.43 13.7 47.4 6.25 0. 0
1 4 1505 0. 184 259, 0. 18%4. 3259. 6C0€0 0. 0.54 18.0 45.2 0.338 0. 0
12 4 3795. 125. 9. 3200. 125. 0. 3200. 6090 0. 0.53 17.6 45.4 0.95 0. 0
1 4 1982 0. 223. 3200 0. 223. 32c0. 69000 0. 0.53 17.6 45.49 0.50 0. 9.
14 4 1478 0. 22 2978. 0., 227. 2978. 600¢ 0. 0.590 16.2 46.1 0.36 0. 0
15 4 1880. 149 . 0. 2900. 1649. 0. 2900. 6000 0. 0.438 15.6 46.3 0.46 0. 0
16 4 1390. 0. 393. 29¢C0. ¢. 393, 29e00. 6009 0. 0.48 15.6 46.3 0.46 0. 0
17 4 3434, 162. 6. 2664. 162. 0. 2664, 6000 0. 0.44 14,1 47 .1 0.383 0. 0.
18 4 2676 . 0. 106, 2664, 0. 104. 20664%. 6000 0. 0.44% 14,1 47.1 0.60 0. 0.
19 3 1500. 6. 2560. 2560. 0. 2560. 2560. 4350 6. 0.59 19.6 43.5 0.39 0. 0
TOTAL 40168. TOTAL 9.75
CURRENT TIME INTERVAL CUMULATIVE VALUES
FREEWAY TRAVEL TIME= 465. VEH-HRS= 730. PASS-HRS 3869. VEH-HRS= 6060. PASS-HRS
INPUT DELAY= 0. VEH-H 0. PASS-HRS 0. VEH-HRS= 0. PASS-HRS
OUTPUT DELAYS= 0. VEH-H 0. PA35-HRS 0. VEH-HRS= 0. PASS-HRS
TOTAL TRAVEL TIME= 465. VEH-H 730. PASS-HRS 3869. VEH-HRS= 6060. PASS-HRS
TOTAL TRAV DISTANCE= 21736. VEH-MI.= 34125. PASS-HI. 168024, VEH-MI.= 263191, PASS-MI.

END OF SIMULATION FOR ABOVE CRITERION

Figure 143, FREQ3CP Simulation Result for Optimal Priority Control (max. veh,input)
Under Existing Condition (Continued).
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Tabte 34 - Comparison of FREQ3CP

Results For Alternative Ramp Control Strategies on 1-95.

EXISTING LANES

ADD ITIONAL LANES

Exist. With Typical With

Measures of Effectiveness Operations Ramp Controls Operations Ramp Controls
Freeway Travel Time=Veh/Hrs, 4,839 3,876 4,052 3,869
Pass/Hrs. 7,583 6,072 6,347 6,060
Input Delay=-Veh/Hrs, 48 -0- -0- -0-
Pass/Hrs. 75 -0~ -0- -0-
Output Delay=Veh/Hrs. -0- -0- -0~ -0=
Pass/Hrs. -0~ -0~ -0~ -0-
Total Travel/Time-Veh/Hrs. 4,887 3,876 4,052 3,869
Pass/Hrs, 7,658 6,072 6,348 6,060
Total Travel Distance=Veh/Mile 133,205 164,671 145,010 168,624
Pass/Mile 208,629 257,959 227,180 253,191
Diverted Vehicles -0- 2,770 —— 2,130
Passenger -0- 4,321 ——— 3,323

ing to control vehicle entry, a total of 2720
vehicles and 4321 passengers were diverted to
the adjacent arterial street system. As a
result of this diversion vehicle and passen-

ger-hours of travel were significantly
reduced (21%).
With the additional through lane a signifi-

cant Increase In the vehicle miles 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 Iimproved operation compared with
adding lanes providing no controls, Since

the cost of ramp metering is significantly
less than the addition of a freeway lane,
this alternative should be investigated
further, This additional study would have to
look at the affect of diverted vehicles on
the adjacent street system.

Summery of Work Effort Required
The following summarizes the effort required

to use the FREQ3CP model tfo evaluate ramp
control strategies.
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Data Collection - The data col lection effort
Is substantiated and is similar to that des-
cribed for PRIFRE. Unlike PRIFRE, which used
average vehicle occupancy, It Is possibie to
have dlfferent rates for. each on-ramp,
However, the same rate was applied 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 easlly coded. Initial data
coding required approximately four hours for
the first case. However, approximately
eight hours were required to review and
correct errors in the data,

Computer Time - Execution time for the FREQ-
3CP mode! required between 6,1 and 6.2 sec-
onds of CPU +ime to run each condition. A
total of 168k of core storage was required.
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CHAPTER 14 - FUTURE DEVELOPMENTS

The application of computer model ing to solve
problems in traffic operations has proven to
be a useful, and in many cases, necessary
means of optimizing and evaluating 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, simplify input data
requirements, reduce computer running time,
etc, The user must attempt to stay abreast
of these new developments to maximize the
effectiveness of computer modeling efforts.

EMERGING MODEL DEVELOPMENTS

The development of the theories that support
the computer models used by traffic engineers
has sliowed somewhat in recent vyears, The
current emphasis is iIn the application of
existing theories and on the refinement of
the computation logic and data management as-
pects of the models. The following sections
briefly describe some of the more significant
models which are in various stages of devei-
opment,
TRAFLO: A Macroscopic Simulation for Urban
Traffic Management

The objective of the TRAFLO model (Ref. 14.1)
Is to provide an efficient tool which can be
used to test and evaluate traffic management
strategies that are applied over a large
area. This model s being developed in re-
sponse to the need for the philosophy of
"Transportation System Management" as a re-
placement for the narrower concept of "traf-
fic control"., The model will be designed to
satisfy the following requirements:

1. The model must provide values of all
relevent measures of effectiveness (MOE)
which describe traffic operations on
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Figure 144,

2.

3.

Computer Models Can Be Useful

urban streets and freeways, The scope,
accuracy and level of detalil of these MOE
must be adequate for the purpose of

evaluating traffic mnagement strate-
gles;

The model must exhibit the flexibility
necessary to accommodate the widest
possible range of such strategles,

including those which affect route and
model choice;

The model must be able to represent a
region of approximately 2,000 intersec-
tions, whose traffic environment includes
networks of freeways, arterials, and grid
networks of surface streets;

The model must be designed to satisfy
these requirements with a reasonable
demand on computer resources. |t should
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 for its implementa=~
tion.

6. The computer program of the model must be
easy to understand, to maintain, to up-
date, and to extend in scope.

The simulation is macroscoplic in nature with
three separate levels of detail:

e Leve!l 1 is the most detailed level of
traffic representation. It is designed
to explicitly treat traffic control de-
vices, lInclude all 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-
flecting the flow of private automoblles,
and mass fransit vehicles servicing pas-
sengers at bus stations located along
fixed routes. In addition, trucks and

car-pool vehicles are explicitly consid-
ered. Other features include actuated
signal control logic, right-turn-on-red,
pedestrian Interference, and source/sink
flow. A wide range of MOE is provided as
output,

2, Level 2, which will be computationally

faster than Level 1, is less detailed and
includes fewer features. Never theless,
the traffic flow patterns are carefully
described in the form of statistica! his-
tograms. These histograms express flow
rate as a function of time on each net-
work |ink, stratified by turning move~
ment; buses are treated In somewhat more
detail, Platoon dispersion Is freated
explicitly and service rates at the in=-
tersection are related to turn movement
and to the signal control, This level
provides the same output MOE as does
Level 1,

3. Level 3, which will be the fastest compu-
tationally, is the least detalled and is
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applicable only to arterials, The pla-
toon structure of traffic is not repre-
sented; traffic flow and signal control
are described in terms of aggregate var i-
ables. However, traffic is stratified by
turn movement to reflect the differing
service rates associated with each, Bus
traffic is treated explicitly, as is sig-
nal coordination and the time~dependent
behavior of +traffic.e Congested condi-
tlons are accommodated and spillback is
considered. While the detailed behavior
of fraffic at Intersections 1is not
explicitly represented, the associated
impedances are modeled.

The structure of the TRAFLO model is shown in
Figure 145,

A separate model treats freeway operations
which can be partitioned into a number of
subsystems to save computer costs.

TRAFLO aiso incorporates a traffic assignment
model to extend the functions of the package
to include fransportation planning in- addi-
tion to traffic engineering. An  existing
assignment mode! named TRAFFIC (Ref. 14.2) is
interfaced internally to the traffic simula=-

tion model to facilitate the use of the
program,
TRAF: A System of Simulation Models

The following describes this mode! system and
its status as presented at a recent confer-
ence on Application of Traffic Simulation
Models by Guido Redelat (Ref. 14.3).

"To address the problem of Iimproving human
efficliency in connection with ftraffic
simulation, the Office of Research of FHWA is
developing a system of fraffic simulation
models named TRAF (Refs 14,4)., This system
Is designed to represent traffic flow on any
existing highway facilitye.

"Since TRAF will be a single source of traf-
fic simulation programs, the user need be
concerned with only one set of documentation
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C O-D DATA )
v

Level 1 - Coarse simulation
of 50 intersections

Level 2 - Coarse simulation
of 150 intersections

Level 3 - Intersections not i
individualized -J|>

OUTPUT

TRAFFIC
ASSIGNMENT
MODEL
TRAFLO
NETFLO
INPUT
» ( Turni
2{ Ml:)r:e?:ents >::>
°
£ Traffic Demand
L@ T =r
)

(Geometrlcs

FREFLO

Macroscopic traffic simulation

Traffic
Management
Strategies

Figure 145,

and one set of Iinput and output format. This
standardization will put an end to the con-
fusion caused by the diversity of simulation
approaches and format, |t will also reduce
considerably the overall learning effort in
connection with the application of +traffic
simulation,

"In the development of TRAF,
deration Iis glven to the task of producing
the best possible program documentation.
Instead of the detailed flow charts that were
previously used to document many simuiation
models, TRAF uses a modified system of hier-
archy plus input=-process-output (HIPQ)
charts, which are more effective in depicting
the logical structure of the programs.
Numerous comments are included in the code
and each variable of the program is defined
in every subroutine where it appears.,

special consi-

"The code itself is carefully planned for
minimum branching, and it is completely modu~
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Structure of the TRAFLO Model

lar (subroutines are short and perform only
one functlion), A standard code format has
been established that makes the programs easy
to read and presents the logic as clearly as
possible,
"Also, an Integrated traffic simulating
system will facilitate the maintenance and
support activities for two reasons: (a) with
only one simulation system to maintain and
support, these operations can be centralized;
and (b) these activitles can be automated to
a large extent by using a specialized "oper-
ating system."

"The creation of TRAF does not involve new
model development, but +the enhancement of
what is regarded as tye best traffic simula-

tion logic available. This logic is in the
form of modularized subroutines +that are
being stored in a master files A program

tailored to a particular application can be
generated by an operating 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 dimen-
sions, and integrates them. This flexibitity
will minimize the waste of computer resources
because the programs contaln only the user's
selected features and dimensions required by
the desired applications.

"The models that are being infegrated into
TRAF are shown In Figure 146, The names of
these component models consist of a prefix
and a suffix. The prefixes NET, FRE, and
ROAD indicate urban networks, freeways, and
two-tane, two-way rural roads, respectively.
The suffix SIM means microscopic and FLO
macroscopic,

"NETSIM, the microscopic model for urban net-
works, was created 10 years ago and has been
almost continuously enhanced since then (Ref.
14,5)s Recently It has been reprogrammed to
conform to TRAF programming standards and
further enhanced.

"The macroscopic models for urban networks
and freeways, NETFLO and FREFLO, form a sub-
system called TRAFLO; that is, the macro-
scopic portion of TRAF. NETFLO was developed
according to TRAF programming standards, and
FREFLO is wessentially the existing MACK
freeway model, reprogrammed and adapted to
the TRAF environment. NETFLO is beginning
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‘system,

its implementation phase, while FREFLO is
going through enhancement and testing.

FRESIM, the microscopic freeway model, will
be primarily the freeway portion of {INTRAS

(Refs 14,6), a microscopic freeway corridor
mode! that has been tested and implemented.
FRESIM will be enhanced and reprogrammed

before becoming part of TRAF,

"Final ly, ROADSIM, the microscopic two-lane,

two-way rural road model Is basicaliy the
TWOWAF modei 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 consisting of
the following major components:

1« A master file where the modularized sub-

routines of the component models ae
stored;

2. A file maintenance program that auto-
matically modifies the content of the
master file;

3. A program generator that reads the fea-
tures specified by the user, selects the
subroutines that simulate these features,
and forms an application program that
satisfles user's specification; and

4. A report generator that produces var ious

informative computer printouts.

"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 Iis considered necessary before
the needs for new models can be determined
and plans for their development formulated.

"Emphasis 1is now given to festing and
impiementing the models of the TRAF family;
first as stand-alone program and then as a
The implementation of +the TRAF
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User Program

— — — mput

- —Boundary of TRAF
Operating System

System TRAF s Hticats Input
Generation Moditication pecifications Data
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|
} +
File TRAF TRAF FORTRAN Object
Maintenance Program Application ||+ ——— Application
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Program Generator Program Program
|
: Compiled
Report Report Program Output
I Listing
|
I
TRAF
| Report
_ Generator
Result (output)

Computer Operating
System

Figure 147, Functional Operation of the TRAF Model

system will be done gradually, starting with
traffic simuiation on urban networks and the
macroscopic simulation of traffic on free-
ways, The next step will be implementing
traffic simulation on the above facilities
plus two-lane, +1wo- way rural roads.
Finally, the entire TRAF 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 models is
being reprogrammed, which is an enhancement,
and its conceptual design is being Improved.
The NETSIM logic, for example, has not only
been refined but it has also been substan-
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tially extended to simulate more complex
traffic situations."

ITDS: Integrated Traffic Data System

The Integrated Traffic Data System (ITDS) is
a "stand-alone" microcomputer system composed
of hardware and software elements which
Jointly perform the rfollowing functions:

le Provide for a centralized microcomputer
data base to sTore traffic data in a
predetermined format and organization;
and,

2. Utilizes this daTa base to generate input
data sets for various +raffic simulation
models and signal timing optimization
programs.
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The software elements of

ITDS shall consist

of the fol lowing:

LS

2.

3'

Data Base (DB) - file required to store
data in memory or on any mass storage
device (tape, disk, etc.).

Data Base Management System (DBMS) -
software required to provide the system
with necessary "intel | igence" to
identify, store, retrieve, modify, and
process the data stored in the DB,

Inter face Programs -~ software required to
perform the following functions:

a, Preprocessor - reformats the data re-
trieved from the DB iInto a format
compatible with the Input require-
ments of each traffic 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

and phasing, and saturation flows,.
As envisioned, the specified portions
of the optimization programs! output

will be stored in a designated file
for future use as input +to other
models,s It will be up to the user to
decide whether these output portions
will be permanentiy saved and stored
in the DB,

Communications interface - software re~
quired fo transmit the generated Input

4.

data sets to, and refrieve the output
from, a host computer where the models
will run.

ITDS shall have the capability of being con-
nected to a main frame computer. This re-
quirement is based on the fact that current
traffic models were designed to run in main
frame computers. Conceptually, ITDS will be
used to generate Input data sets, transmit
them to a host computer for processing, and
retrieve and reformat (in the case of optimi-
zation programs exclusively) the results, A
diagram of the ITDS concept is presented in
Figure 148,

SIMULATION
PROGRAMS

NETSIM
TRAFLO
INTRAS
LINKOD

INPUT DATA O
INTERFACE
PROGRAMS PP ——
TRANSYT-7F
0BMS | SOAP
[ ] PASSER II-80
TRANSYT-6C
MAXBAND

Figure 148,
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OUTPUT DATA
MICROCOMPUTER )  [MODEM) ~ [MODEM MAINFRAME
‘| OPTIMIZATION

Integrated Traffic Data System Concept
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The process of generating the input data sets
will be "menu" driven where the user will
answer questions or fill In blanks {interac-
tively and on-line assistance to the user
will be providede The system will alert the
user of any data elements that are required
as input to any model and not stored In the
data base.

ITDS will operate on 8-bit microcomputers
utilizing single and multiple user operating
systems. One important feature of the system
is that control of changes in the data ele~
ments stored in the data base wiil be pro-
vided. 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 bases This is highly
desirable and provides adequate management
of the system, especially when several people

use the system simultaneously or in
parallel.
PRIFRE FREQ 2

University of Californla Models

Two of the models described in this Handbook
are freeway operations models developed by
The Institute for Transportation Studies
(ITS), University of California at Berkeley.
Dr. Adolph D. May and his associates have
been extremely active in the field of traffic
operations simulation and optimization
model ing, The PRIFRE and FREQ3CP models are
two of the most widely wused freeway
operations models ir the areas of priority
lanes for high cccupancy vehicles and
enfrance ramp control (ramp metering),
respectively.

The ITS has also modified the TRANSYT 6 model
(Ref. 14,8) to Inc ude estimtes of fuel
consumption and vehicle exhaust emissions as
wel| as demand responses in terms of spatial
and modal shifts, This version is TRANSYT 6C
(Ref. 14,9) which is available from ITS,

[TRANSYTS,

FREQ3CP}e

v ¥
|FREQ3D| (FREQ3C]
[

HANSTTE

FeANSYTE!
LTRANSYTS,

CORQIC

lIFRESCO

ITRANSYTGB

.

_ 3
[rrRansyTec|[ simToL

[Fregsn] Fresere]

Figure 149,

A System of Traffic Operations Optimization

and Evaluation Models
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The complete family of traffic operations
models developed by the ITS is shown in Fig-

ure 149, The most current models in the
freeway series are FREQ6PL (Ref. 14.10) and
FREQ6PE (Ref. 14.11) which bhave advanced

PRIFRE and FREQ3CP, respectively, to include
more extensive fuel and emissions estimates
and demand responses, Of particular impor-
tance are the more detailed analyses of
effects on alternative arterial routes.

At the present time, the TS is not further
pursuing the arterial neiwork area, but they
are actively developing further enchancements
to the freeway models, particularly with res-
pect to FREQ6PE. Further research is pre-
sently concentrated on development of an
updated mode! callied FREQ7PE.

This research Involves a refinement of the
fuel consumption and exhaust emissions as
well as the flexibility of the program, which

will be able to accept user-supplied pre-
dictions. Some features include user=
supplied maximum queue length on on-ramps
and user-supplied metering rates and tfem
poral shifts. This model overcomes the
limitations previously discussed for the

FREQ3CP model o

AAP: An Arterial Analysis Package for Signal
Timing Design and Evaluation

The Arterial Analysis Package (AAP) (Ref.
14,12) is based on existing signal design and
analysis programs, most of which are des~
cribed In previous chapters. TRANSYT 6C
optimizes signal- offsets and shifts for a
given cycle length by minimizing the per-
formance index (a linear combination of stops
and delays). SOAP specializes in individual
intersections, determining optimum signal
timing (cycle length, splits, and phase
sequence) and dial assignments for multiple
time periods, all under either pretimed or
actuated conitrol conditions. PASSER |}
determines cycie lengths, phase sequences,
offsets and splits so that the bandwidth
atong an arterial is maximized.

In their original forms, these programs each
have unique Input and output formats. This
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complicated the preparation of inputs so a
common data base for all component programs
was developed to facilitate the use of these
programs as an integrated system.

The AAP will provide traffic engineers with a

set of easily usable analysis programs. The
need to be familiar with a separate input
format for each of the programs will be
eliminated, It will also enable the analyst

with limited computer experience to access
and use the programs. However, 1t will re-
quire significant amounts of programmer and
systems analyst time to bring up on the IBM
computer systems.

Other Signal Progression Models

Mixed-integer |inear prgramming has been used
by Dre Jo Ds Co Little and his associates in
two optimization model applications. The
EXPRESS mode! (Ref. 14,13) is a maxima! 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 meximal bandwidth
model using the mixed integer |inear program
ming approach is presently being enhanced by
Little, under a contract from the Federal
Highway Administration. The resulting model
will be known as MAXBAND (Ref. 14,15).

TECHNOLOGICAL ADVANCES

Computer ~modeling of traffic operations is

supported by several areas of technology.

The utility of computer models to the traffic
engineer may be expected to Iimprove, there-
fore, as technology advances. The three main
areas for improvement are:

New Theories of Traffic Control

The development of theories for describing
and optimizing the control of fraffic appears
to be in a fairly mature stage. Federally
funded activities in this area have demin-
ished somewhat in the past few years as the



emphasis has shifted more to refinement and
maintenance of existing mode!s. Some work is
progressing on the application of optimal
control theory to oversaturated signal sys-
tems, which may eventually find its way into
operational models. Minimization of energy
consumption due fo 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 lighting systems has
also attracted some interest. A linear pro-
gramming model has been developed to examine
traffic volumes throughout an illuminated
network and to maximize the exposure of fraf-
fic to highway lighting under energy con-
straints (Ref. 14.16).

Another theoretical development of interest
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 opporfunity presented fo the motorist to
travel forward on one |ink of an arterial
system without being stopped by a signal,
This concept expands upon the maxima! band-
width approach by considering the progression
opportunities which present themselves within
the route, but do not necessarily extend
throughout the full length of the route.

When system optimization is based on maximiz-
ing forward progression opportunities, rather
than simply maximizing bandwidth, improve-
ments in progression quality and other ftraf-
fic operations measures can be realized. The
TRANSYT=6C model has been modified for this

purpose, Compar isons have indicated that
worthwhile improvements can be realized in a
var lety of situations, The model is present-

ly being incorporated Into TRANSYT-TF,
Hardware Advancements

The advances In computer technology of the
past few years have greatly reduced the con-
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straints of memory storage and executlon time
which limited the capability of previous
generations of +traffic operations models.
This trend may be expected to continue. A
more significant frend from the perspective
of the wuser, however, Iis the increasing
availability of intelligent terminals and
self contained desk=top microprocessor
systems,. While these devices cannot replace
a large scale computer In the execution of
any of the models described in this Handbook,

they offer valuable assistance in the
preparation of input data and in the
presentation of Interactive video graphics

displays. A series of color graphics display
is currentily under development for both the
NETSIM and FREQ6PE models under  USDOT
support. The Arterial Analysis Package
described earlier in this chapter also
features some restricted capabilities for
producing graphics displays of time-space
diagrams showing the quality of progression
in an arterial signal system,
Already, several scaled down versions of
several of the models described in this Hand-
book are operational in seif-contained 16/32
bit microprocessor systems, namely SOAP and
maximal bandwidth analyses (with partial
progression opportunities). Furthermore,
other programs include arterial movement
analysis, accident reconstruction, etc.
Finally, several functions of +the SOAP
program are also available for wuse on
desk=top programeble calculators.

Sof tware Advances

The most significant advances in the software
area lies in the management techniques for
software development which have recently
become very popular. The concept of "Struc-
tured Programming" offers two important
advantages over fthe more conventional tech-
niques,

1« 1t provides for more effective involve-
ment of the ftraffic engineer in the
development of analysis programs, by
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