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Reduced-Delay Optimization and Other
Enhancements in the PASSER II-84 Program

EDMOND CHIN-PING CHANG, CARROLL J. MESSER, and BLAIR G. MARSDEN

ABSTRACT

The development of a research study conducted by the Texas Transportation In-
stitute entitled "Reduced-Delay Optimization and Other Enhancements to PASSER
II-80" is summarized. The research was sponsored by the Texas State Department

of Highways and Public Transportation (SDHPT)

in cooperation with the FHWA,

U.S. Department of Transportation. The brief 6-month research effort was di-
rected toward several topic areas including development of a reduced-delay
optimization procedure that could fine tune the offsets of traffic signals to
reduce total arterial system delay and maximize arterial progression, develop-
ment of methods that can better estimate vehicular delay in a nearly saturated
traffic system, and development of methods to estimate fuel consumption for
arterial traffic movements in an urban network. Significant enhancements have
been made to the popular PASSER II program, This study also demonstrated the
practical combination of the maximum bandwidth procedure and the minimum delay
algorithm to effectively maximize progression and reduce delay, stops, and fuel
consumption 1in optimizing arterial traffic signal operations. An enhanced ver-
sion of the PASSER II-80 program, PASSER II-84, was programmed on Texas SDHPT's

computer system.
were also prepared.

Program documentation and revised data-coding instructions
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Continued demand for urban mobility requires that
the highest degree of traffic service be obtained
from existing urban arterial streets and intersec-
tions. The ability of signalized intersections to
move traffic depends on the concurrent functioning
of existing traffic control devices and proper
signal timing settings on the street (1-3).

Traffic signal optimization is a complicated
process that determines the cycle 1length, green
time, phase sequence, and offsets between the
signals. Optimization depends heavily on the rela-
tionships among the distances between signalized
intersections, travel speed, cycle length, roadway
capacity, and side friction along the arterial.
Global optimization is time consuming and difficult
to achieve without a thorough understanding of the
interactions and sensitivities of the site-dependent
variables. An alternative is to select proper in-
dependent variables, define relationships, and solve
the optimization problem heuristically.

Computer techniques for off-line, fixed-time
signal timing optimization have commanded widespread
interest, but they can optimize merely a portion of
the signal timing plan variables, one step at a
time. Above all, the models involving a nonlinear
formulation still cannot guarantee an optimal solu-
tion. The major development of a computerized signal
timing optimization algorithm began in the early
1960s with the coordinated offsets of consecutive
traffic signals for maximum throughput (1-3).

Currently, two major approaches to coordinating
traffic signals along arterial streets are used: (a)
the bandwidth maximization-based procedure and (b)
minimization of disutility functions such as delay,
stops, fuel consumption, or air pollution. The
former includes Progressive Analysis and Signal Sys-
tem Evaluation Routine (PASSER), MILP, and MAXBAND
(4-6) . The latter includes TRANSYT-7F, MITROP, and
SIGOP (7-12).

Because of the easily understood time-space dia-
gram and the favorable progressive movement, several
maximum bandwidth-based procedures were developed.
Generally, relative progression efficiency depends
on dilstances between signalized intersections,
travel speed, cycle length, roadway capacity, and
side friction along the arterial. On the other hand,
delay is well recognized by traffic engineers as a
useful tool for evaluating a traffic control system
(13,14) . However, the calculation with maximum band-
wildth does not necessarily minimize the total delay
due to the difference of objective functions. Appro-
priate traffic signal settings can help smooth the
traffic flow through a street network, thereby re-
ducing delay and stoppage (7,15-17).

Many traffic engineers still prefer maximum band-
width settings because of the easily applicable
time-space diagrams and the apparently verifiable
progression along a major arterial street (4,5,7,
10,18) . The benefit of signal progression synchroni-
zation can be confirmed visually in the field, there-
by minimizing complaints from a demanding public. In
addition, several studies [e.g., Wagner (19); Wallace

(20); Gerlough and Barnes, cited by Rogness (21) ;
Rogness (21), and Cohen (14)] together with much
practical wuser experience demonstrate that the
bandwidth method does yield consistently good

results on arterial progression systems.

Research by Huddart (22) indicated the possibil-
ity of arriving at a compromise between the maximiz-
ing bandwidth and minimiziny delay method (using a
stop penalty) in computing traffic progression per-
formance. Wallace (12) also encouraged the use of
PASSER II as a preprocessor for TRANSYT to minimize
systemwide delay. Rogness (21) used a heuristic pro-
cedure to study the relative performance of PASSER
IT and TRANSYT programs under synthetic scenarios of
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cycle length, intersection spacing, and phasing
sequence for single arterial street signal timing
optimization. He further concluded that there 1is
potential for obtaining good to optimal solutions by
combining PASSER II and TRANSYT with some recom-
mended enhancements. Cohen (14) suggested a similar
heuristic using MAXBAND with TRANSYT.

Substantial improvement of the total arterial
system operations could be achieved by combining the
apparent advantages of maximum bandwidth and minimum
delay (9,19-21). The maximum bandwidth solution,
based on the time-space diagram calculation, is the
most efficient way to provide optimal signal phasing
sequences. It is less affected by travel demand
fluctuation than are solutions of minimum delay.

The PASSER model was first developed by Messer et
al. (4) and modified to an off-line computer program
cooperatively by the Texas Transportation Institute
and Texas State Department of Highways and Public
Transportation (SDHPT) (23). PASSER II was designed
primarily for high-type arterial streets with pro-
tected left-turn lanes and phases. It provides the
timing parameters for modern eight-phase control-
lers, such as the phase sequences, cycle 1length,
green splits, and offsets, to provide the minimum
interference and maximum progression bandwidth ef-
ficiency. The theory, model structure, methodology,
and logic of PASSER II have been evaluated and docu-
mented (4,23-25).

PASSER II is widely used because of its ability
to select multiple phase sequences in an easy,
understandable maximum progression solution format.
However, the heavy reliance on bandwidth optimiza-
tion to achieve maximum progression might somehow
limit its optimal solution capability to minimize
systemwide vehicular delay. To improve the PASSER II
computer program, the Texas SDHPT sponsored a high-
way planning and research project entitled "Reduced-
Delay Optimization and Other Enhancements to PASSER
II-80." This study developed the fundamental proce-
dures of fine tuning offset to minimize total arte-
rial delay and preserve the convenience of bandwidth
maximization for multiphase traffic signal timing
optimization. By applying the enhanced reduced-delay
algorithm and fuel consumption computations, improved
signal timing can be expected for PASSER II users in
the future,

STUDY PROCEDURE

This study was undertaken to find an efficient and
usable delay-based search algorithm for selecting a
reduced-delay, arterial signal timing plan based on
a maximum bandwidth solution. Four major items were
developed: delay calculation methodology, offset
fine-tuning capability, offset optimization routine,
and fuel consumption computations.

The delay reduction procedures have several as-
sumptions:

1. Cycle length, green split, phase sequence,
and progression speed are known for each signal;

2. The optimal time-space diagram, shown in
Figure 1, a maximum bandwidth solution, is provided
as the starting solution and constraint for arterial
system delay-offset analysis; and

3. The interactions between two intersections
depend on the signal phase pattern, traffic volumes,
and offsets of neighboring intersections.

At first, specific enhancements to improve the
performance of PASSER II-80 as a maximum bandwidth-
based procedure were identified. Then, the existing
PASSER II-80 program was extended to provide a maxi-
mum bandwidth-based minimum-delay solution and, at
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range in PASSER 11-80 time-space diagram (Skillman Avenue, Dallas, Texas).
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the red" and correct it, and then revise the avail-
able slack-time allowance in the time-space diagram.

2, Optimize offsets between intersections using
delay-offset analysis. Adjust the time-space coordi-
nate for a new time-space diagram.

3. Calculate the average delay per vehicle eval-
uation using the tentative NCHRP delay estimation
equation to account for the oversaturated condition
with saturation ratio greater than 1.0.

4, Estimate total fuel consumption (gal/hr) by
the modified fuel consumption estimation model used
in TRANSYT-7F.

5. As an option, compute the perfect one-way
progression solution with the allowable design speed
variations.

6. Provide the optional translation of the phase
movement definitions of NEMA and PASSER II.

Finally, the result of the enhanced PASSER II-B84
calculations will supply a reduced-delay best solu-
tion, including a fine-tuned time-space diagram and
fuel consumption calculations.

Tentative NCHRP Delay Equation

Analytical delay estimates are commonly used in many
computer models. The most widely used one is the
Webster's model as plotted in Fiqure 3, which is
based on Pignataro (2). However, because of the

DELAY
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300+
2504
200 1
150- WEBSTER DELAY
100 -
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=50 4 r
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Equation is provided in
4301 Figure 4.
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FIGURE 3 Webster and tentative NCHRP delay versus X ratio.
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mathematical discrepancy, it is only applicable for
a saturation ratio (or V/C ratio) up to about 0.95.

In updating the 1965 Highway Capacity Manual,
National Cooperative Highway Research Program Proj-
ect 3-28(2) developed a capacity and level of ser-
vice method for wurban signalized intersections,
Specifically, a tentative delay estimation equation
was developed to calculate delay and level of ser-
vice for each lane combination (right, through, or
left-turn lane), approach, and the overall intersec-
tion under normal, saturated, and oversaturated
conditions. Summaries of the delay equations for the
basic delay conditions are shown in Figure 4, which
is based on Messer and Roess (27).

Uniform delay (UD) occurs in the period when all
queued vehicles clear the approach on each cycle,
assuming that none of the queued vehicles has to
walt through more than one red period. The UD
formula estimates the average stopped delay per
approach vehicle for lane groups with a V/C ratio
less than or equal to the overflow condition. The
formula is based on uniform arrivals for various
analysis period lengths (5 min to several hours).
Overflow delay (OD) occurs when, on some cycles, all
queued vehicles clear the approach while, on other
cycles, some of the queued vehicles do not clear the
approach due to variation of the traffic volume.
Overflow delay is estimated according to the amount
of the V/C ratio; that is, this empirically derived
value adjusts the amount of the overflow delay ac-
cording to the degree of oversaturation and random-
ness of traffic arrival patterns. The uniform delay
component is not affected by the length of the anal-
ysis period. The overflow delay, because it is an
estimate of arrival variations, is highly dependent
on the analysis period. For convenlence, a 15-min
analysis period was assumed in PASSER II-84,

The tentative NCHRP delay estimation equation is
valid for a V/C ratio above 1.0. However, the fol-
lowing guidelines should be noted when the V/C ratio
is over 1.0:

1. Use the actual approach volumes. Check the
analysis to assure that the volumes have not been
adjusted to analyze the peak 15-min period or the
worst lane;

2. Use the V/C ratio derived from the actual
volumes, not the adjusted volumes; and

3. Use the time period that relates to the vol-
umes and the V/C ratio.

Figure 3 indicates that the tentative NCHRP equa-
tion estimates the same or less delay than Webster's
equation when V/C < 1,0 and provides a much better
estimate of delay in oversaturated conditions. How-
ever, because the NCHRP delay equation was primarily
designed for evaluation of uncoordinated signalized
intersections, a version of this tentative NCHRP
equation with a modified uniform delay term was
added to the PASSER II-84 program by "platoon inter-

connection"” adjustment as used in the existing
PASSER II-80 program (28).

Offset Fine-Tuning Algorithm

To minimize total arterial system delay, efforts

were made to find an efficient and applicable method
to fine tune the offsets of individual intersections
in an arterial system. It was determined that any
new enhancements to PASSER II-80 should not conflict
with the original maximum progression solution; such
enhancements should, instead, fine tune this base
solution by adjusting the relative offsets.
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FIGURE 4 Tentative NCHRP delay estimation equation.

In the offset fine-tuning algorithm of PASSER
II-84, subroutines FINTUN and PUSHUP first check
through band versus actual green time, detect and
correct the rare "plot through the red" condition,
indicate the available slack-time allowance for the
offgset optimization, then reconstruct the time-space
coordinates by travel time and distance calcula-
tions. The available slack-time allowance is the
slack t+ime, for A particnlar direction at each
signal, that the offsets could be adjusted without
losing the optimal progression solution and band-
width.

Then, all the slack time is identified on both
sides of the progression band for both travel direc-
tions at each traffic signal. The minimum value of
the slack time that can be adjusted indicates the
maximum amount of allowable green time available for
adjusting the existing offset at each signal without
affecting the bandwidth of the correct progression
solution. This algorithm further reduces the need
for manual adjustments on the final time-space
dlagram and provides a basic range of solutions for
later constrained offset-optimization without
searching through the entire cycle length as is done
in the ordinary delay-offset analysis.

This offset fine-tuning algorithm is illustrated
using the example time-space diagram of Skillman
Avenue shown in Figure 1. At first, the slack time
available for through movement but not used in the
existing time-space diagram is indicated by hash
marks. After the comparison of the relative magni-
tude of the slack time, the minimum values of slack
time in each direction are identified as the allow-
able slack-time ranges at each signal for 1later
offset fine-tuning optimization.

For example, in Figure 1, the slack times at the
second signal are identified, respectively, as 28,
0, 5.8, and 18.2 sec on either side of the progres-
sion bands in both the A and the B directions. Be-
cause the A direction progression band is con-
strained by the zero slack time on the upper side of
the A progression band for downward offset adjust-
ment, the only allowable slack time available for
upward offset adjustment, without affecting the width

of both progression bands in either direction at in-
tersection 2, is 5.8 sec on the lower end of the
progression band in B travel direction. The resul-
tant allowable slack-time range as found by this
algorithm is 5.8 sec, and the resultant allowable
offset adjustment range 1is, therefore, from the
original 26 sec to a possible 31.8 sec.

Offset-Optimization Algorithm

In PASSER 1I-84, subroutines OFSE2, OFSE3, and
TSCORD provide an optimum progression offset between
each signal. Further fine-tuning optimization would
be obtained by adjusting the initial progression
offset to some other fine-tuned offset within the
allowable slack-time range to reduce the total two-
way link delay from subroutines FINTUN and FKCDLY.

In this algorithm, progression remains the
highest priority optimization objective and serves
as the base for further optimization. The delay-cff-
set analysis only fine tunes the offset within the
allowable slack-time range. Operational performance
is evaluated by average vehicle delay experienced by
all vehlcles. Because the total number of vehicles
operated in the arterial street system during a
fixed time period is a constant, adjusting signal
settings can only redistribute the traffic and
resultant delay on the network. Vehicular delays
occurring between the intersections are calculated
by a ver- sion of the deterministic delay-offset
technique similar to that used in PASSER III for
signalized diamond interchanges (24,29-31).

According to the combination method, where two or
more links occur in parallel joining two nodes, the
delay function of the individual links can be com-
bined with reference to the same offset to yield an
aggregate delay function. Then, the total delay
function is calculated by combining all the individ-
ual delay-offset functions of the through 1links in
both the A and the B directions. The average com-
bined delay function is obtained by dividing the
total delay of the adjacent signal pairs by the
total link traffic volumes. An optimal offset, be-
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tween the adjacent pair of signals, is obtained by
searching for the minimal value of the combined
delay-offset function.

Figure 5 shows the basic theory of the con-
strained delay-offset analysis in PASSER II-84. As
indicated, the delay-offset curves Dl and D2 for
each internal link are first developed. Then, the
total delay-offset curve between a pair of signal-
ized intersections is derived by accumulating the
delays on each link at respective offset locations.
The TD curve shown in Figure 5 1s volume weighted
instead of the sum of D1 and D2. The slack time
allowance range (ASLACK) for each intersection is
then identified by the range between -DOWN and UP+.
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STEP 1. Calculate Average Delay-Offset Curves (Dl and D2),

STEP 2, Sum Up Individual Link Delay-Offset Curves to Obtain
Total Systemwide Average Delay Per Vehicle Curve (TD),

STEP 3. Identify Slack Time Allowance Range (QSlack) on TD,

STEP 4, Obtain Reduced-Delay Solution (NEW) from Existing

Progression Solution (OLD).

FIGURE 5 Delay offset analysis in PASSER II-84 offset-

optimization algorithm,

Finally, the systemwide average delay per vehicle of
the existing progression solution (OLD OFFSET) 1is
calculated, and the offset optimization algorithm
will search over the slack-time-allowance range
(ASLACK) to obtain the reduced-delay solution (NEW
OFFSET) as shown. Therefore, the optimization prob-
lem becomes:

Find a new reduced-delay offset (NEW) within
the slack-time allowance (-DOWNSSLACK<UP+)
for a given combination of fixed cycle, phase
sequence, green split, initial progression
offset, and two delay curves (Dl and D2) of
right-turn and through movements in both A
and B directions.

In this algorithm, both the original maximum
bandwidth procedure and the minimum delay algorithm
are considered. The maximum bandwidth solution (OLD)
in PASSER II-80 can be improved by this modified
delay-offset algorithm to a reduced-~delay solution
(NEW) under multiphase operation in PASSER II-84.
The detailed evaluation procedure and study results
comparing the PASSER II-80 and the PASSER II-84
programs are discussed in another paper in this
Record entitled "Minimum Delay Optimization of a
Maximum Bandwidth Solution to Arterial Signal
Timing."
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Fuel Consumption Model

Faced with a fuel shortage and the increased fuel
prices prevalent 1in the 1970s, traffic engineers
became more and more sensitive to the consequences
of delay and stops. To provide a more realistic
evaluation of traffic signal alternatives, a fuel
consumption estimation model was applied with the
measure of effectiveness from PASSER II-84. It is
capable of accepting any future modifications, by
FHWA, to the fuel consumption equations.

After reviewing the available fuel consumption
estimation models, the fuel consumption routine in
TRANSYT-7F was modified and added to PASSER II-84.
The model was developed from a series of stepwise
multiple regression analyses of data collected and
programmed by the Transportation Research Center of
the University of Florida (8). The basic model esti-
mates the total arterial system fuel consumption
(gal/hr) as a function of total travel (veh-mile/
hr), total delay (veh-hr/hr), total stops (veh/hr),
and crulse (free) speed (mph).

Among these varijiables in the fuel consumption
model, the total stops in vehicles per hour was the
only variable not available in PASSER II-80. There-
fore, a modified formula, developed by Akcelik and
Miller, was applied in PASSER II-84 to estimate the
total stops for coordinated multiphase traffic
signals operated on arterial streets (8,17). 1In
summary, the formula for estimating total number of
stops per hour is calculated directly as

H = (3240/C) * [(vr/1 - g/s) + N,]
where

arrival flow rate (veh/sec),

cycle time (sec),

effective green time (sec),
saturation flow rate (veh/sec), and
average overflow queue (veh/sec)
where

na N<
nu

-]
o
(]

No = exp ({1.33 * [(1 - vC/gs)/(vC/gs)]

* (s * q)l/2}/2 - vC/QS)) i

Perfect One-Way Progression

Because of the physical restrictions and unique
traffic characteristics of the urban street network,
the PASSER II program may sometimes be used to pro-
vide one-way progression. This option can provide
the optional time-space diagram for a one-way street
or for an arterial street system with heavy direc-
tional peak-hour travel.

Subroutine ONEWAY, similar to the one in PASSER
III, calculates the offsets and overwrites the time-
space coordinates providing "perfect" one-way pro-
gression along a two-way arterial street (26,p.27).
The "perfect" one-way progression solution in either
the A or the B direction can be obtained by specify-
ing a 1 or a 99 in the optional "min. B direction
band split" of the PASSER 1II-84 input data set.
Figure 6 shows an example of the result from the
subroutine when 1 is specified for the "perfect”
one-way progression option in the A direction.

As indicated, a "perfect" progression band that
uses the whole amount of the available green time
for progression movement in the A travel dircotion
is provided as specified. Similarly, the "perfect"
one-way progression band can be provided for the
progressive movement in B travel direction by
gpecifying 99 in this one-way progression option. In
both cases, the traffic signal settings optimized
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for the original two-way progression sclution of the
PASSER II program are used with the fine-tuning
offsets,

Phase Movement Translations in NEMA and PASSER

Two widely accepted phase movement designations have
been used in PASSER II-80: National Electrical Manu-
facturers' Association (NEMA) and PASSER phase defi-
nitions, As shown in Figure 7, the NEMA designation
conld he considered as swapplng the major street
movements 3 and 4 with the minor street movements 5
and 7 compared to PASSER's designation.

NEMA PASSER IT

FIGURE 7 Movement definitions in NEMA and
PASSER 1I.

As the data in Table 1 indicate, PASSER II-80
uses PASSER's phase designation as default input
with the option of using the NEMA movement defini-
tion as an alternative. As indicated, PASSER II-84
still has the existing PASSER II-80 options to
choose between: the NEMA (option 1) and the PASSER
phase definition (option 0). In addition, if the
user wants to use PASSER's phase definition as input
but chooses the NEMA phase definition as output, a 2
may be entered. If the user prefers to use the NEMA
phase as input but desires PASSER's movement number-
ing definition for output, 3 may be entered in the

TABLE 1 Movement Translation Codes for NEMA and
PASSER II

INPUT ]
— INPUT ECHO

ouTPUT
OPTION

data field. PASSER II-84 recognizes the options
selected (or default) and provides proper phase
movement designations in both the echo printout of
input data deck and the final printout of the PASSER
I1-80 "best solution."

Summarz

In summary, significant programming efforts have
been completed using ANSI FORTRAN 77 standard on the
Amdahl Computer System at Texas A&M University. The
results comprise the revised PASSER II-84 program
with the new delay calculation and offset optimiza-
tion routine, as shown in Figure 8. These efforts
permit the user to determine the optimal signal
settings for progression operation on signalized
arterial streets without having to manually adjust
the offsets of the final time-space diagram for
reduced-delay operation.

CONCLUSIONS AND RECOMMENDATIONS

The enhanced reduced-delay optimization in PASSER
II-84 guarantees minimizing total arterial system
delay within the slack-time allowance of the origi-
nal PASSER II solution. However, the general im-
provement that can be achieved by PASSER I1I-84
relies mainly on the quality of the original answer.
If the green times were intentionally constrained,
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Coordinates For Time-Space Program
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8ack To Granc
Irttialization
VES

FKCOLY

FIGURE 8 Functional flowchart for PASSER II-84.

or had been engineered in an expert manner, the
improvements would not be as significant as they
would be for ordinary PASSER II solutions.

This study and several other related studies have
also found that trading off progression bandwidth in
either arterial travel direction, instead of using
the total directional traffic volume ratios and
minimum green as constraints, may further improve
the total system performance. Because the enhanced
PASSER II-84 program does not have a microscopic
simulation model to predict actual platoon disper-
sion effects on the downstream signals, the accuracy
and estimation ability of the "platoon projection
model™ or the "platoon interconnection effect" is
constrained by site-dependent travel behavior, ve-
hicular mixes, and travel speeds.

Therefore, further research is recommended on
field validation of the reduced-delay offset-optimi-
zation algorithm, the calibration of platoon disper-
sion models, alternative strategies for allocating
the directional bandwidths, revision of green split
routine to account for the impact of green time

adjustment on overall system delay, and trade-offs
of local and system optimization problems in arte-
rial signal optimization.

Documentation of research results in the develop-
ment of PASSER II-84, the latest version of arterial
traffic signal timing computer model of the Texas
State Department of Highways and Public Transporta-
tion, is available elsewhere (32). A comparison of
the basic features in existing PASSER II-80, en-
hanced PASSER II-84, TRANSYT-7F, and MAXBAND com-
puter models is given in Table 2. No modifications
to the existing user's manual or data coding are
required in the enhanced PASSER II-84., The basic
program is currently operational on the Texas SDHPT
district remote computer terminals.
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TABLE 2 Comparison of PASSER 11-80, PASSER II-84, TRANSYT-7F, and MAXBAND

Computer Programs
MAXBAND
PASSER I (NEW) PASSER [ (OLD) (MITROP) TRANSYT-7F

Control Vanables

Cycle Cycle Cycle Cycle

Ofiset Otlse Otfset Ofizet

é-Sequence é-Sequence &-Sequence

-Langth ¢-Length é-Length é-Length
Optumizanon Max. Bandwidth Max. Bandwdth Max. Bandwdth Min. Delay

Mun. [nterierence Min. [nterference MPCODE

Delay-Oliset
Solubon Local Opamum Local Opimum Giobal Opumum Local Opamum
Objecuve Max Elhciency Max. Elhciency Mn. {Flow x Cost) Min. PI
Funcnon Min. Link Delay Otteart = (Delay +k x stops)

(Intenor) Split
Delay Mod. Websier Mod. Webster Link Periormance Plaioon Representauon
Measurement NCHRP-TTI.PINY Sarurauon Deterrence by Flow Prohle
Delay 1. Undorm Delay 1. Unuform Deiay |. Determmumc {. Unuorm Delay
Component 2 Overflow Deiay 2. Random Delay Queue 2. Random Delay

3. Empincal Ad}. 2. Stochastie 3. Saturauon Delay
Overflow

Fuel Yes No No Yes
Consumption
Data Input Base Node Node Node Link
Phase Selecuon PASSER PASSER Inbound Link Movements

NEMA NEMA  (§ Dur.) Qutbound

or Combingtions
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Abridgment

Minimum Delay Optimization of a Maximum
Bandwidth Solution to Arterial Signal Timing

EDMOND CHIN-PING CHANG and CARROLL J. MESSER

ABSTRACT

This study indicated the advantages and drawbacks of combining the two major
state-of-the-art traffic signal control strategies: the bandwidth maximization
procedure and the delay minimization technique. The enhanced reduced-delay
optimization model provided in PASSER II-84 guarantees minimum total arterial
system delay within the slack-time allowance range of the original PASSER II-80
maximum progression solution. Modifications to the PASSER II signal timing plan
for an arterial street system, using both a maximum bandwidth procedure and a
minimum delay signal timing optimization algorithm, are evaluated. An efficient
and usable delay-based search algorithm to assist traffic engineers 1in select-
ing a minimum delay arterial street signal timing plan that optimizes phasing
sequence, cycle length, and offsets based on maximum bandwidth calculations in
an urban network is demonstrated. The maximum bandwidth procedures are based
mainly on calculations of distance, travel cpeed, and ocontinuity of available
green time for progressive movements without direct relationship to delay. The
minimum delay algorithm minimizes total system delay endured by all traffic in
the analysis network. Resulting offsets confirmed the feasibility of minimizing
delay by the optimal offsets from the maximum bandwidth algorithm. When minimum
delay and maximum progression are used, as calculated by the enhanced PASSER
II-84, an improved level of service results thereby providing maximum progres-





