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CAPCALC (Circular 212)

PROGRAN DESCRIPTION - In 1982, RCAI (Roger Creighton Associates
Incorporated) released CAPCALC, a microcomputer software package designed to
onable traffic engineers to calculate the capacities and levels of service
of at-grade signalized and unsignalized intersections (1).

CAPCALC (intorsection CAPacity CALCulation) calculates the capacities
and 1levels of service (LOS) of at-grade signalized and unsignalized
intersections using proccdure published in Transportation Research Circular
212. The CAPCALC program can be run by anyono with a good technical
background who has taken the time to familiarize himself/borseclf with
Circolar 212,

CAPCALC is written for a) the Apple II, II+, or Ile computer, b) the
IBM Poersonal Computer, or ¢) the TRS-80 model 11, 12, or 16.

CAPCALC docs not run under DOS, but under a different operating system
called the P-systom., Bofore you can use CAPCALC you must set up a soparate

partition for this oporating system on your hard disk.

INFUT -~ CAPCALC has a screon eoditing feature. The input data for the
signalized intersection are:
1) Intersection general information
2) Intersection geometry for each approach including the number of
lanes, width and movement per lane per approach
3) Volume of traffic turning and going straight including the
percontage of trucks and buses per approach
4) Critical gap for turning and through traffic, peak hour factor,

gradient and right turn factor per approach

5) Cycle length



The input data for the unsignalized intersection uses the physical and
traffic data entered as listed above.
In entoring data, it is necessary, if unsignaljzed capacities are to be

calculatod, to enter the critical gap acceptance data for the minor traffic.

OUTPUT - The SIGNALIZED intersoction calculation is made of two modules.
The ‘'’PLANNING'’ module follows the '’PLANNING'’' method of Circalar 212.
The output for ’'’'PLANNING’' module is as follows:
1) Volumo allocation to lanes
2) Left turn check, and
3) Planning results:
a) number of phases
b) movements per phase
c) critical volume por phase
d) percent capacity used
¢) intersection critical volumeo
f) intersection percent capacity used, and
g) intersection level of service
The ''OPERATIONS AND DESIGN’’ module follows the ’°'OPERATION AND
DESIGN’' mothod of Circolar 212. The procedure is the same cxcopt that
thore is an additional output, adjusted per lane volumes. The final results
also include, 1) effective green time per phase, 2) sverage delay per phase,
and 3) intersection effective green time.
The output for UNSIGNALIZED intersoction is as follows:
a) volume allocation to lanes, and

b) reserve capacity and 1lovel of servico per lane and per

approach



SPECIAL FEATURES AND SHORTCOMINGS - As an aid to CAPCALC users, soveral
additional MOE have beon added to-Circular 212 procedures, and they are:

1. Porcoent Capacity Used

a) CAPCALC automatically calculates the poercent of total
intersection capacity used by each phase. In both the Planning
and Operations and Design Applications, the total intersection
capacity is the maximum sum of critical volumes for level of
service E corresponding to the number of phases required at the
intersoction.

b) The individual percentages for each phase when summed yicld the
total percent of intersection used. This statistic is an
indication of the degree of saturation of the intersection.

2. Effoctive Groon Time

CAPCALC automatically calculates the eoffective greon time
associated with oach phase. The intorgreen time (amber) for the
intorsection (in seconds) is calculated as two timos the number of
phases involved plus two. The eoffective green time for the
intersoction is obtained by subtracting the intergreen time from the
dosired cycle 1longth, The ratio of the critical volume per phase to
the sum of the critical volumes for the intersection is the proportion
used in calculating the effective green time per phase.
3. Avorage Deolay

a) Whereas Circular 212 providos the average stopped dolay incurred
by all vohicles ontering the intersection, CAPCALC provides an
ostimate of the average stopped dolay by vehicles likely to be

incurred during ocach phase of controlled movement.




7.

b) The means for ostimating delay is Wobster and Cobbe’s delay
function, adapted for use in conjonction with Circular 212
procedures.

c) No dolay values or green times are calculated if the level of
service is at E or Failure because of the instability of the
oporating onviromment under these conditions.

It supplies the user with the directory of existing intersection

files,
Pormits rapid entry of reqnired data.

It has a very good editing capability, allowing for correction of

each screen.

It prints input data ’'’'for the record.'’

The program has the following shortcomings:

1) The program is limited to four lanes per approach.

2) Question which require single 1letter rosponses (such as ‘'Y’’’ or

3)

''N'' accept uppercase letters only.
It does not run under MS-DOS, but rathor under a different operating
systom callod the P-System. this means that if the user wishes to

install the program on a hard disk, s spocial partition is nooded.



CAPCALC (1985 HON)

PROGRAN DESCRIPTION — CAPCALC (intersection CAPacity CALCulation) calculates

the capacities and 1levels of service (LOS) of at-grade signalized and
unsignalized intersoctions (2).

The noew HCM 1985 procedures were so markedly different from the
Circular 212 procedures that RCAI (Roger Creighton Associates Incorporated)
dotermined to rebuild CAPCALC totally. A supporting roason was to expand
the original CAPCALC so that it could deal explicitly with intersections
having up to six lanes per approach.

The resulting program was named '’‘CAPCALC 85'’., 1Its purpose is to
increase the productivity of traffic engineering personnel by replacing the
manval forms and calculations used in the new HCM with computor procedures
capableo of bLeing run on a number of widoly~available microcomputers.

CAPCALC is writton for a) The Apple II/1I+/IIc computers, b) The IBM
PC/PC XT computers, and TRS-80 II/12/16.

CAPCALC does not run under MS-DOS, but under a different oporating
system called the P-system. Before CAPCALC can be used, it is necessary to

sot up a soparate partition for this operating system on a hard disc.

INFWOT - CAPCALC has a screon oditing foeature. The input data for the

signalized intersection are:
1) Intersection description
2) If the intorsection is signalized, the type of signal (Actuated,
Semiactuated, or pretimod)
3) Traffic and roadway conditions:
— porcont grade

~ poercont hoavy vehicles



4)

5)

— presence of adjacent parking lane

~ numbor of parking mancuvers/hour

~ number of buses stopping/hour

- poeak hour factor for areca type

- nmmber of conflicting pedestrians/hour

~ presence of a pedestrian button

— number of seconds allowed for pedestrians
- arrival type for approach

Geometrics and Volumes per approach

Signal phasing

OUTPUT - The SIGNALIZED intersection calculation is composed of two modules,

the ''PLANNING’’' and '’OPERATIONS AND DESIGN.’'’ The output for '’'PLANNING’’

module is as follows:

1)
2)
3)

volume for each lano groups per approach
E-¥ and N-S critical volume, and

STATUS of the intersection

The output for ’''OPERATIONS AND DESIGN’’ module is as follows:

1)

2)

VOLUME ADJUSTMENT SCREEN which permits the oxporienced traffic
engineer to edit flow rates, lane utilization factors, adjusted flow
rates, and proportion of loft and right turns in order to fine-tuno
the calculation to satisfy spoecial circumstances.

SATURATIONS AND DESIGN SCREEN which permits the cxporienced traffic
onginscer to odit idoal saturated flow, and adjustment factors for:
width, heavy vehicle, grade, parking and bus manouver, area, and
right and 1left turn. This permits fine-tuning the calculations to

satisfy special circumstances.



3)

4)

5)

CAPACITY ANALYSYS SCREEN which permits the experionced traffic ~

ongincer to odit permissive left turn flows, critical lane groups,
and lost time per cycle in order to fine-tune the calculations to
satisfy special circumstances.

LEVEL. OF SERVICE SCREEN is an output screen reflecting the input
values on the previous threo screons, This screon contains the
following MOE por lane group per approach:

a) V/C ratio

b) green ratio

c) 1st delay, 2nd delay, lane group delay, and approach delay

d) lane group capacity and level of service

Also, the values for intersection delay and LOS are inéluded within
this screen.

Intersection diagram

SPECIAL. FEATURES AND SHORTCONINGS -~ The following qualities and features

wore

bnilt into CAPCAL 85 to increase productivity.

It can handle up to six lanes per approach.

It includes three types of signals (pretimed, actuated, snd secmi-
actuated).

Full '’bullet-proofing’’ (’'’error—-trapping’’) to prevent data entry
errors

Program ''defaults'’ to typical standard values of lane width, peak
hour factor, and many other variables to spoed up data entry. (The
user can ontor any other value if so desired.)

Usor control over critical variables including signal phasing, signal

timing, and vehicle adjustmont factors




~ Full screon cursor control to allow rapid editing of input values

— It allows the wuser to move forward or backward from one screen to
another screon.

- ''Lano grouping’’' for ecase of data entry

— Upon revision of the data in any data cell, all resuvlts are ro-
calculated almost instantaneously.

— Printed output in exactly the same form as input and intermediate-
cnlcnlation‘scroens

— Output suitable for camera-ready reproduction in engineering reports

— Input data printable ’'‘for the record’’

- A cycle 1length of O will cause the program to estimate cycle length
based on HCM methodology (only if the intersection is not ssturated).

- As oach green time is ontored, it computes and displays the resulting
yollow plus red time,.

- The program will allow you to enter data in eithor upper or lower
case,

- It is poséible to stop the program when it is in the middle of doing
somcthing and got back into the program as though it had never been
interrupted.

- It can change the number of lines per page in printout.

Thoere arc a few shortcoming within this software. These are:
~ At loast one type of lane group combination is missing in msnual
— Tho user has to bo familiar with the 1985 HCM.

~ In order to input movements (LTR) the capital lotters have to be

used.




- It does not run under MS-DOS, but rather under a different operating
systom called tho P-system. This means that if the user wishes to
install the program on a hard disk, a special partition is needed.

- If the user chooses a zoro cycle length, the program will not

calculate the splits and 1level of sorvice if the intersection is

saturated.



CAPSSI

PROGRAN DESCRIPTION - CAPSSI is an acromym for '’'Comprchensive Analysis
Program for Single Signalized Intorsections.’’ It entitles a very powerful
traffic engineering programming tool (3).

The purpose of the program is to aid the engineor in optimizing traffic
signal seottings and/or measuring the performance of a single signalized
intersection when a spocific data sot is given. Preliminary considerations
of the ovaluation of the impacts at a given signalized intersection
indicated the need for an advanced algorithm for traffic impact evaluation
that would be highly interactive. The BASIC computor language was chosen to

develop such a progras.

INPUT - The required input is listed bolow:

1) The intersection identification number.

2) The intersection name or description,

3) The number of critical phases (computed by the user).

4) The flow, saturation capacity flow and lost time for each critical
phase (acquired usually from the field).

5) The minimum groon times for the required cycle time solution.

6) The actual groen times for the predetermined cycle time solution.

7) A range of cycle longths that are required to be tested.

8) The minimum time for pedestrian crossing is required only if the
usor is using the Required Cycle Time option.

9) Data for pollution calculations.

OUTPUT ~ It can bo divided into two parts:

10




1) A record of the time sharing session with the vser. This is an echo
of what the user inpuntted. First, a title is printed and then the
namo of the intersection as inputted by the user. The data for each
phase are columnar with the critical phase numbering across the top
and the description of oach row of data to the left. The first
three rows are, rospoctively: flow, satoration flow and the lost
time for oach critical movement as inputted by the user. The
minimum times are also ropeated. Below the table the values for the
'"approach and departure spoed’’ and ‘’total intersection volume'’
are ochoed by the computer if the pollution calculations were
requested,

2) The socond part of the output is the analysis of the input data as
performed by CAPSSI. All the information provided by this section
is vital to the user in regard to the performance of the
intersection on the basis of the inputted data. The output
information provided by CAPSSI is listed and defined below:

~ RELATIVE SATURATION: The ratio of the flow to the maximum flow which

can bo passed through the intersection from a particular approach.

~ EFFECTIVE GREEN TIME: Tho chosen green time for that movement minus

the lost time.

-~ MOVEMENT TIMB: The offective green time plus the lost time.

~ AVERAGE DELAYS: The theorotical time that a vehicle will have to

wait in each respective critical movement to pass through the
intersection,

- LEVE, CF SERVICR: An objective rating of the performance of the

intersection ranging from A+ to F+,

11



AVERAGE QUFUE VEHIQLES: The theoretical average queue in ocach
rospective phase at the boginning of the groen period for that phase.
AVERAGE STOPS AND STARTS: The theoretical average number of times a
vehicle must stop or start during a complete cycle for ocach
rospoctive phase.

DO VEHIQLES Q(LEAR: Toells if, on the average, the vehicles will
theoretically clear during any respective green time.

WEBSTER’S OPTIMUM CYCLE LLENGTHS: The cycle timo which gives an equal
degree of saturation and minimom delay.

RERAUIRED CYCLE LENGTH: The cycle length chosen by CAPSSY that will
satisfy all the minimom green times supplied by the user and results
in minimuom delay for those conditions,

PREDETERMINED CYCLE LENGTH: The sum of tho actual movement times
supplied by the user. This will also be the negative cycle time that
the user might input to the program to detormino the approximate
splits for a particular cycle time.

WEIGHTED AVERAGE DELAY, AND LEVEL OF SERVICE: The average delay for
all critical movemont weighted with respect to the flow values, in
seconds, and an objective level of service rating for this delay.
EXCESS FUEL USAGE, GALLONS/HOUR: The amount of fuel usage resulting
from vehicles stopping at the intersection.

RXCESS €0, HC AND NOX, GRAM/HOUR: The amount of emissions in grams
(hydrocarbons, carbon monoxides and nitrous oxides) in the critical

hour for all vehicles stopping at the intersection.

12




SPECIAL FEATURES AND SHORTCOMINGS: Tho program has the capability of

porforming many functions that are of use to the engineer., These functions

can be enumerated as follows:

1)

2)

3)

4)

5)

CAPSSI will optimizo the green time splits at the intersection using
the Webster Mothod. It will then calculate the delays of the
critical movemonts in each phase and objectively ovaluate its level
of service,

CAPSSI can split the cycle time betwoen the critical movements on
the basis of equating the dogrec of saturation for all movements by
inputting a negative cycle time into the Actual movement time for
one of the critical movements.

CAPSSI will ovaluate the delays and lovel of service for existing
green splits.

CAPSSI will provide the user with (for each critical phase) the
average number of stops and starts per vehicle, will calculate the
theorotical quenc 1longth, and will calculato the fuel consumed and
pollution emissions per hour for existing green splits and/or
optimized green splits for a given set of data.

CAPSSI will consider pedestrian crossing times (or minimum green
times) for optimization of splits only. CAPSSI will allow the user

to optimize the splits while satisfying all the minimum green times.

6) Bocause CAPSSI is highly interactive, it allows the user to test a

7)

full range of sets of data. These will include saturation flow, a
particular movement, test a range of cycle lengths, the approximate
split distribution for a particular cycle and test the validity of
an oxisting cycle time and its corrosponding split.

CAPSSI can be run many times at each intersection to test the impact
of different traffic loadings on the intersection. This can be very
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useful to the writers of Environmental impacts, as before and after
traffic loading conditions may be considered. It can also serve as
a useful tool in street design or improvements by evaluating the
neoded capacity at the intersection.
The major shortcomings of this software are listed below as:
1) CAPSSI requires extornal hand calculation of Critical Movements.
2) It cannot list the direoctory of data files.

3) Printer has to be on or the program will automatically terminate the

session,
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CHA

PROGRAN DESCRIPTION - CMA is a program which uses critical lane movement
analysis procedures to examine the capacity and 1level of service at
signalized intersections. The program follows very closely the analysis
procedures described in detail in the Transportation Research Board Circular
212. The 212 procedure was doveloped as the result of research work carried
cut by JHK  Associates and the Traffic Instituto of Northwestern University
under National Cooperative Highway Rosearch program (NCHRPP) project 3-28
(4) .

CMA is a menu driven, interactive program which makes extonsive use of
prompting to encourage proper operation. The program is designed for simple
and offoective oporation by traffic onginecering personnel.

The user should review the TRB 212 procedures to become familiar with
its stroengths and 1limitations, It must be noted that some engineering
judgomont is required to gain the most from the TRB 212 procedure. The
procedure is, however, oasy to use and will provide insight into the service
provided at signalizoed intorsections with a limited amount of effort.

The program is operated from a sot of main menu selections. Data
ontry, data file management and program run operations are each selected
from menu cheoices. Each analysis scenario is managed as an independent disk
file. Files can be duplicated and saved under now names and oasily uédifiod
to test alternative evaluation sitoations. A concise but complete summary
report can be produced as the user wishes.

The program oporates on microcomputing systems with the following
capacities, foatures and characteristics:

1., Tho system must oporate under a version of CP/M or MS-DOS.

2. The system must bo configured to provide approximately 40K.
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The system must at least have one disk drive with a minimum of 90K
bytes of free space.

A printer is not required for analysis but is required to produce

summary reports,

INPUT —- The required input data are as follow:

OUTPUT -

Goneral Intersection informatinn

Intersection volumes

Porcont Trucks, Percent Buses, Peak Hour Factor, G/C
Intersection phasing including phase overlaps

Lane Channelization/Widths

Intersection Cycle Length

Actual Critical Movements

The first two pages of the output are the usor inputted data. The

output also includes the following:

1.

Loeft turn capacity check
Passonger car cquivalent period traffic volumss
Calculated critical lane traffic volomes

Selected critical volumes (sum of critical volumes)

The V/C ratio

Indicated intersection Level of Service

SPECIAL FEATURES AND SHORTCOMINGS — CMA has the capability of listing the

intersection files. It also has a very good oditing feature for both old

and new data files.
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The wusor has to choose the critical movements which requires knowledge

of Circular 212.
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CHA/ N

PROGRAN DESCRIPTION

The Critical Movement Analysis of the McTRANS package (CMA/M) is
programmed in Applesoft for Apple II computers (5). It carries out a
complote analysis for signalized intersections wutilizing procedures
documented in the TRB Circular 212 publication (Interim Material on Highway
Capacity) . The program idontifies the critical traffic movements at an
intersection, performs adjustments for lane width, trucks, pedestrians, left
turns, 1local buses, etc. The program determines deogreec of saturation and

level of service for signalized operation.

INWUT
The input stream to the program includes:
o Intersoction Geometrics: 1lane configurations and widths
0 Traffic volumes: traffic volumes psr movemont per direction, truck
and local bus volumes, and peak hour factor.

o Phasing: phasing schemec per direction, cycle longth, and pedestrian

activities.

OUTPUT

A typical output contains an ocho of the input stroam and a hard copy

of the level of service and critical movemonts.

SPECYAL FEATURES AND SHORTOONINGS

The program oxecutes thoe CMA procedure as described in circular 212
step by stop with no special features added to it. It performs analysis of

signalized intorsections with no capability of performing optimization or
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dosign. It rons on Apple II computers only. The screen editing
capability is relatively rigid, and some of the editing functions do not

perform properly.
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EZ-POSIT

PROGRAN DESCRIPTION - FEZ-POSIT is an interactive, window—oriented program
for traffic ongineers (6). With a minimum amount of required input data,
the program can produce an optimal signal setting, including cycle time and
phasing pattern, that can minimize fuel consumption for a given
intersection.

No new techniques were used in doveloping the technical aspects of the
program, however, a great numbor of concepts and methods described in the
Critical Lane Movemont Analysis documented in the TRB Interim Materials on
Highway Capacity wore adopted. This feature makes EZ-POSIT quite applicable
to U.S. conditions,

The program is written in UCSD-PASCAL which was developed by the
University of California at San Diego. It is the most popular high-1level

language in microcomputer application today.

INWT - In the input stage, the program guides the user to specify required
data. The user is provided with clear instructions via a menu format, and
comprohensive error checks are made. In order to simplify the input
procedure, many parameters are dofanlted to represent sverage geometric and
traffic conditions. Therefore, volume is the only data the user has to
input to the program if the defauvited values can be applicable to his
conditions. The input for the optimization process are:

1) Miniwmom green

2) Lane width

3) Local bus

4) Numbor of Lanes

5) Podestrians
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6) PHF (%)
7) Trucks (%)
8) Volumo (vph)
9) Minimum and Maximum cycle length
The only additional data needed for a dosign process are:
1) Actual cycle 1ength, and
2) Phasing
The phase setting for isolated intersections is divided into a N-S street
pattern and an E-W street pattern, which are independent of each other. The
pattern can be grouped into three types:
1) Nono of the 1eft turn aovements are protected
2) One of tho left turn movements is protected
a) North or RBast bound left turn is protected
b) South or West bound loft turn is protected
3) Both of the left turn movemonts are protected
a) Loft turn movement first, without overlap
b) One direction first, without overlap
c) Left turn movement first, with overlap
d) One direction first, with overlap
The program can also ovaluate the intersection if tho user input the Actual

groon time in addition to above data.

OUTPUT -~ The optimization process is s procodure to select the optimum
signal setting basod on the minimum fuel consumption. The Optimization is
doscribed by the algorithm in Figuore 1.

Three requirements are checked in eovery iteration before fuel

consumption is computed. If any one of the requirements cannot be
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For each possible N-S phase pattern loop
For cach possiblo E-¥ phase pattern loop
computor PASSENGER_CAR_BRUIVALENT (PCE),
determine CRITICAL_LANE VOLUME,
calcuolate SUM_OF_CRITICAL_[;ANB__V([,UHE
set MIN_CYQLE and MAX_CYCQLE if necessary,
from MIN_CYQLE to MAX_CYQLE step 5 sec loop
calculate SPLIT for each phase,
check MIN_WERI,AP;TIHE (5 sec),
calculate GREEN_TIME for each movement.
choeck MIN_GREEN_TIME,
check UNPROTECTED_LEFT TURN,
compute LEVEL,_OF_SERVICE (LOS),
computo DELAY, NO_OF_STOPS, FUEL _CONSUMPTION,
rocord the CYCLE_TIME having MIN_FUFL_CONSUMPTION,
end_of_cycle_loop,
record the setting having MIN_FUEL, CONSUMPTION,
ond_of EW_pattern_loop,

ond_of NS_pattoern_loop,

Figure 1 EZ.POSIT Optimization Process
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fulfilled, computation will not proceed and the program will jump out of the
iteration and try the next combination. At the end of each iteration, the
computed fueol consumption is compared with the previous optimum setting and
the current optimum setting is recorded. Tho three requirements are as
follows:

1) Minimum Overlap Phase — Becanse the greoon time defined in this situdy
includes the clearance time, it is not practical to have an overlap
phase shorter than the cloarance time. Thorefore, 5 seconds is used
as the minimom ovorlap phase. This assures that the overlap phase
is long enough to releaso at least two vehicles, |

2) Minimum Green Time — It allows pedestrians enough time to cross the
streot or to avoid an unrealistically short green period.

3) Left Turn Check - This check oxamines if the exclusive left turn
phase should be assigned to accommodate loft turn movements. The

procedure suggostod is as follows:

whero: VL Capacity (vph) for an unprotected left turn

C = Cycle Longth (sec)
G = Groon time (soc) available for the movement
V0 = Volume (vph) of the opposing through movement

This allows two vehicles per cycle on the clearance and assuomes that 1200
vohicles per hour of green (VPHG) will be accommodated as a linear
combination of the unprotected left plus the opposing through movements,

If the cycle length is not specified by the user, tho program sets a

cyclo range within the optimum cyclo length is determined. The maximuom
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cycle 1longth is defaulted to 120 seconds. As for tho minimum cycle length,
it is suggosted 30 sec. for & 2-phase condition, 45 sec. for a 3-phase

condition and 60 sec. for & 4 or more phaso condition as the minimum

protimed cycle length.

The OPERATION AND DESIGN APPLICATION of the Critical Movement Analysis
is adopted in this program to compute tho split and green time. The
procedure is as follows:

1) Calculate Passonger Car Equivalence for oach lane. The adjustment

factors considered by Critical Movement Analysis are as follows:
a) Lane width
b) Bus and trucks
c¢) Left turns
d) Right turns and pedestrians activity
¢) Peaking characteristics (Peak Hour Factor)

2) Combining Critical Lane Volume. Critical 1lane volume for cach
stroot is determined.

3) Calculate Splits and Groen Time. Tho allocation of cycle time is
based on the proportion of the critical lane volume for each phase
to the total critical lane volumes.

The simplified Webster Doelay formula is sdopted in this program,

D = 9 [Cfl—Lzz + X2 ]
10 "2(1-nux) 2Q(1-x)

where: D = average delay (sec/veh.)
C = cycle longth (sec)
p = G/C ratio
X = Dogroc of Saturation
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Q = Volume (pce/sec)
The program uses the following formula to calculate the proportion of
vehicles required to stop (stop ratio) at a signal. On an average stop
ratio is eocqual to the vehicles that arrive in red time divided by the

vehicles that arrive in whole cycle.

g . B ___ (1-L)
€(1-x) (1-pux)

whore: R = Red Time (sec)

[, ]
I

Stop Ratio

This formuls assumes that a queue which formed in a red period would release
completely during the following green period.
The oxcess Fuol consumption is calculated using the following formula

that is s function of stops and delay.

F = Q(AS + BD)

where: F = Excoess Fuel Consumption (gal/hr)
Q = Volume (pce/hr)
A = Fuel Consumption Rate for Stopped Vehicle
(gal/hr/veh)
D = Average Delay por Vehicle (hr/veh)
B = Idle Fuel Consumption Rate (gal/hr/veoh)

SOAP suggests 0.6 gal/hr/veh for an jidle fuel consumption rate and 0.01

gal/hr/veh for a stopped fuel consumption rate.
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As part of the Critical Movement Technique,

Table 1 gives the

recommended throsholds for the sum of the critical volumos for levels of

service A through E.

Table 1 Levels of Sorvice Ramges for ONA

(Source: Critical Movement Analysis)

Lovel of Two Threo Four or
Service Phases Phases More Phases
A 1000 950 900
B 1200 1140 1080
C 1400 1340 1270
D 1600 1530 1460
E 1800 1720 1650

SPECIAL FEATURES AND SHORTOOMINGS - EZ-POSIT is an attractive, colorful, and

creative window-oriented program,

It has a short help file and an easy way

of editing the file., It uses every possible combination within the cycle

length range (increment of 5 seconds) and every available phase to arrive at

the optimum cycle length and phase sequences for an intersection in order to

minimize tho total delay per intersection.
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ICAP

PROGRAN DESCRIPTION ~ 1In tho late 1960's, the Institute of Transportation
and Traffic Engincoring of the University of California, with partial
support from the Auntomotive Safoty Foundation, developed a series of
computer programs for capacity analysis. The TCAP programs are based upon
one of these programs. The initial work was carried out by Adolf D. May,
Gale Ahlborn and Fredrick L. Colins and is described in articles published
in January 1968 Traffic Engineering magazine (7).

ICAP is a sot of programs which porform intersection approach capacity
analyses in accordance with the definitions and procedures of HRB Spocial
Report No. 87, the 1965 HIGHWAY CAPACITY MANUAL.

The program is configured to operate on a microcomputing system with
the following minimum capacities, foatures and characteristics.

1. Versions of tho program are available for CP/M 80 MS-DOS and PC

DOS operating systems,

2. CP/M systoms reoquire 64K of memory. MS-DOS and PC-DOS sy stems

require a minimum of 128K of memory.

3. The programs are operable on systems with one or more disk drives.

One disk drive systems require a minimum of 240K bytes of free

spaco. Two disk drive systems require a minimum of 90K bytes of

free spaco per disk.
4, An 80 column printer is required for the output.
The ICAP programs may be used to calculate combinations of service
volume, approach width, load factor, or G/C ratio for signalized
intersoction approaches. Thoe programs are interactive and menu driven.

They aro easy to use, require minimum input data, run very quickly and
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produce ossontially identical results to HCM manual capacity analysis
of forts,
The ICAP programs consist of two programs, ACAP and TCAP. The ACAP

program permits analysis of intersection approaches, the TCAP program
pormits analysis of intersection turning lanes.

Both ACAP and TCAP include a user accessible '?’ Holp foature from the
main MENU., The '?' Help toxt files may bo customized by the user to include
spocial procedures and instructions.

The ICAP programs operate in two stages, data entry and data
processing. The data entry operation is used to prepare, edit and save
data. The processing operation analyses prepared input and produces printed

reports.

The basic relationship of the intersection capacity program used in
ICAP is:

where: SV = Service volume in vehicles per hour.

(AVw .1f)

Approach volume in vehicle per hour of green based on

approach width and load factor.

(G/C) = Green phase time to cycle time ratio.
(POP, PHF) = Adjustment factor based on motropolitan area size and
peak hour factor.
(LIM) = Adjustmont factor based on location in metropolitan
aroa.
(RT) = Adjustmont factor based on percent right turns.
(LT) = Adjustment factor based on percent left turns.
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(TF)

Adjustment factor based on percent trucks through buses.

(BF)

Adjustmont factor based on 1local buses and type bus
stop.

After the truck factor is determined, the program proceeds to complete the
capacity calculations. Processing is divided into four major parts
dopending upon the quantity to be determined, service volume, approach
width, load factor or G/C ratio.

In calculating an approach width, the Peak Honr Factor, metropolitan
area size and 1location in the metropolitan area aro dotermined. The
computer then selects a trial width assuming 10% left turns, 10% right turns
and no bus stop., With the initially calculated width, the associated turn
factors and bus factors are dotermined and a revised width is calculated.
The iteration continues until:

1. Two consecutive widths are not significantly different,

2. It is ostablished that the calculated width is outside of the

Capacity manuals acceptable width range,

3. It is established that an oscillation between two specific width

values has occurred, or

4. There are 15 iterations.

In calculating service volume or G/C ratio, direct solutions are
possible. The Peak Hour Factor (PHF), metropolitan area size, location in
metropolitan areca, right turn, left turn, and bus factors are determined.
The load factor is thon calculated. One of three alternative output may
result depending upon the calculatod 1oad factor valume.

1. If the calculated value is between 0.00 and 1,00, then the load

factor valuo constitutes the outpat,
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in Table.

If the 1o0ad factor is greater than one there is basically no
solution. If this situation occurs, the maximum service volume
for a load factor of one is calculated, using the initially given
width. The computed maximom valunes for width and service volume
are provided in the output.

If the load factor is loss than zero, additional calcunlations are
mado. If this occurs, the maximum service volume for a load
factor of zero is calculated, using the initially givon width, and
the minimum width for a load factor of zero is caslculated, using
the initially given service volume. The computed service volume

and minimum width are provided in the outpaut.

A summary tabulation of input values and rango limits are provided

OUTPUT ~ The program output includes items describing:

A1l input

Input,

Termination or modification statements,

Results, and
An optional summary tabulation.

data are ropeatod in the output. In the ovent that the program is

torminated and no computations are made, the reasons for program termination

are given,

SPECIAL FEATURES AND SHORTCONMINGS ~ ICAP has the following advantages:

1.

It can calculate combinations of sorvice volume, approach width,

load factor, or G/C ratio for signalized intersection approaches,

30



2.

3.

The programs are interactive, and has a very good and easy editing

capability.

ICAP has the capability of showing the directory of files.

ICAP has soveral shortcomings, Those are:

1.

It requires the printer to be turned on while it is running, or
else the program will automatically terminate the session.

It wuotilizes the 1965 HCM, the 1985 HCM makes this program
obsolete.

It is supposed to rum successfully without inputting G/C. This is
not possible within TCAP,

The logic of creating two soparate files (namely ACAP and TCAP) is
considored a poor design because the G/C allocation within ACAP
does not capture the turning volume. In other words, the user has

to combine the left turning G/C value with the through G/C value.
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TABLE 2 DATA INPUT SUMMARY OF ICAP

ITEM DESCRIPTION VALUE RANGE
1, TITLE - -
2. SERVICE VOLUME 0000. TO 9999.
3. APPROACH WIDTH 10.(1) To 60.
4, LOAD FACTOR 0.00 TO 1.00
5. G/ C RATIO .000 TO .999(2)
6. PEAK HOUR FACTOR 6.70 TO 1.00
7. LOCAL ADJUST. FACTOR 0.00 TO 9.99
8. POPULATION 0001 TO 9999
9. TYPE OF APPROACH 1 To 6
10. TYPE BUS STOP 0 TO 4
11. LOCATION IN METRO ARFA 1 To4
12, NUMBER OF LOCAL BUSES 000, TO 120.
13, PERCENT RIGHT TURNS 00. TO 99,
14, PERCENT LEFT TURNS 00. TO 99.
15. PERCENT TRUCKS 00. TO 50,
16. CYQLE LENGTH 40. TO 180.
17. NUMBER OF LANES 0. To 2,
18. OPPOSING TRAFFIC 0. TO 999.

(1) Lower boundary depends upon type of approach.

(2) Special Value, can have format of x.xx if coded ’'’1.00,'’
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INTERCALC

PROGRAN DESCRIPTIONS - INTERCALC is an interactive program which considers
intersection goouotry; traffic volumes and traffic signal operation in the
detormination of isolated intersoction performance based upon analytical

rosearch performed by Dr, F., V., Webster of the TRRL and upon recent FAWA

sponsored research (8).

INTERCALC analyzes the performance at proposed or existing isolated
signalized intersections and expresses the results of a given set of traffic
and signal conditions in various traffic engineering Measures of
Effectiveness torms.

INTERCALC operates on microcomputing systems with the following
capacities, features and characteristics:

1. Veorsions of the program are available for the CP/M 80, MS-DOS and

PC-DOS operating systems,

2. CP/M systems reoquire 64K of moemory. MS-DOS and PC-DOS systems

roquire a minimum of 128K of memory.

3. The program is operable on systems with one or more disk drives.

One disk drive systems require a minimum of 240K bytos of free
space. Two disk drive systems require a minimum of 90K bytes of
freo spaco per disk.

4., An 80 column printer is regquired.

INPUT - The following input data are required to run INTERCALC:

1) Intersection name and date.
2) Dosired cycle longth in seconds.
3) The amount of traffic in vehicles por hour assigned to the

particular signal phase movemont. Traffic volumes must be adjusted
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prior to entry, to reflect conditions such as percent of trucks.
Traffic volumes are ontered only for traffic movements with separate
signal phases.

4) Capacity or Saturation Flow is the number of veohicles which can
onter the intersection in one hour under saturated flow conditions
for a continuous green display for the sum of all approach lanes.

5) The total minimum time for a phase including Greon plus Yellow plus
Al1 Red or ¥Walk plus Don’t Walk plus all Red as appropriate.

6) The time lost to vehicle movement for each single phase which occurs
at the beginning of cach green display.

7) The speed at which vehicles approach the intersection under non—
congested conditions during periods when the traffic signal is
displaying a green indication in the direction of traffic flow.

8) The signal phasing possibilities.

OUTPUT - Intercalc calculates the following items:

1) The interval number in which tho signal phase display first occurs.

2) The split time for the intersection is calculated based on the
enterod traffic parameters aﬁd the solected cycle length., The
split calculation attempts to balance the degree of saturation on
critical approaches to the intersection by adding time to critical
movemonts and subtracting time from non-critical movements, limited
by tho phase minimum time requirement.

3) The split percont is the split time cxpressed as a percont of the

total cycle.
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4) The degreo of saturation is a ratio indicating the level of
saturation occurring at the approach for the given traffic

parameters and cycle length. The ratio is calculated as:
(Volumo X Cycle)/(Saturation Flow X (Split time — Lost Time)).

5) The average delay per vehicle in seconds is a calculated measure of
intersection performance. The calculation is based upon a modified
version for the Webster equation. The dolay rosults are valid for
conditions whore the dogree of saturation is less than 95 percent.

6) The average number of times a vehicle will stop on the intersection
approach.

7) The average number of veohicles in a vaiting.quouo for a single lans
approach to the intersection whon the signal changes from red to
groon,

8) The probability of clearing the queue of waiting vehicles on cach
intersection approach. This value is calcolated using the Miller
equation from the PASSER YI-80 program.

9) EX. (BXCESS) FUEL, 00, HC, NOX values in gallons per vehicle and
grams poer vohicle rospoctively roprosent the item quantity in
EXCESS of the amount which would be consumed or produced if the
control situation did not exist, Theso values are calculated using
the equation and factor values determined by a previous study
conducted for the FHWA,

10) The degree of saturation of the most saturated approach at the

intersection,

11) The total dolay por hour at the intersection, in vehicle hours.
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12)

The
13)

14)

15)

The LEVEL OF SERVICE is calculate based on the following Moasures
of EBffectivoness:

a) Total intersection delay,

b) Degree of saturation, and

¢) Probability of queme clearance.

ranges are shown in Table 3.

The total stops per hour for all vehicles.

TOTAL EXCESS FUFL, 00, HC AND NOX valuos in gallons and kilograms
rospoctively represent the total item quantity per hour inm EXCESS
of the amount which would be consumed or produced if the control
situation did not exist.

Intorval diagram illustrating the order of signal displays as they
occur in a complete signal cycle, The values are shown in percent

of the cycle.

SPECIAL FEATURES AND SHORTCOMINGS - INTERCALC contains the following

highlights:

1)

2)

It is a menu driven interactive program. It is easy to use,
requires minimum input data and produces an offective set of ountput
rosults, A spocial feature of the program allows INTERCALC to
extract data for an intersection from PASSER II-80 input file.

INTERCALC is a computerization of traffic engineering procedures
which allows the ongineer to perform detailed isolated intersection
signal oporation anslyses considering selection of optimum phasing
patterns, goomotric changes, 1left turn phasing, selection of
oporating strategies and development of dotailed traffic signal

timing.
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Table 3
Delay, Degreec of Saturation, and Quene Clearance Logics of INTERCALC

Source (BATHER BELROSE BQJE MICROCOMPUTER PROGRAM USER GUIDE)

DELAY (SEC/VEH)
SOURCE: PASSER II-80

COMMENT: INTERCALC uses the INDIVIDUAL, MOV EMENT scale of DELAY values to
determine the approach and intersection LOS.

TOTAL INTERSECTION INDIVIDUAL MOVEMENT LEVEL OF
DELAY (Note 1) DELAY (Note 2) SERVICRE
Less than or equal to 16 Loss than or equal to 15 A
Less than or equal to 22 Less than or equal to 30 B
Loss than or equal to 28 Less than or equal to 45 C
Less than or equal to 35 Less than or equal to 60 D
Loss than or cqual to 40 Less than or equal to 100 E
Greatsr than 40 Greater than 100 F

Note 1. From Highway Capacity Manual Interim Guidelines Jan. 1980.
Note 2. From field studies during HPR Study 203 1975.

DEGREE OF SATURATION
SOURCE: PASSER I1I-80

COMMENT: INTERCALC produces and reports this value and uses the value in
thoe dotermination of split but does not use the value to report LOS.

DEGREE OF_ SATURATION LEVEL OF SERVICE

Less than or equal to 0.60
Less than or equal to 0.70
Loss than or equal to 0.80
Loss than or equal to 0.85
Less than or equal to 1.00
Groater than 1.00

moAwW>»

QUEUE QLEARANCE PRBABILITY
SOURCE: PASSER II-80, Miller's Quoue Clearance equation.

COMMENT: INTERCALC produces and reports this value as a Moasure of
Effectiveness but doos not use the value to report LOS.

PRBABILITY OF QUEUE (L.EARANCE LEVEL, OF SERVICR
Greater than or equal to 0,95
Groater than or equal to 0.90
Greator than or equal to 0,75
Groeatoer than or equal to 0.50
Less than 0.49

mo o>
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3) Data inputs are similar to PASSER IT-80 and it can oxtract data for
an intersection from a PASSER input file.

4) INTERCALC includos a wuser accessible '’?'’ HELP feature from the
main MENU. The ’'’?'’ Help toxt filo may bo customized by the user
to include special procedures and instructions,

5) The phasing possibilities included with INTERCALC are designed to be
consistent with PASSER phase designation with several enhancements.
Phaso references are made using graphical representation rather than
either by PASSER phase nombering or NEMA phase nombering. This
procedure was selected to minimize the complexity of the phase
soloction process. Phasing is sclected interactively using a set of
phaso seloction screens.

6) It has the capability of showing the list of data files.

The main shortcomings are:

1) INTERCALC requires calculation of saturation flow rate for cach

approach. |

2) It is limited to traffic flow conditions below saturation.
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SCA

PROGRAN DESCRIPTION -~ Signalized Capacity Analysis (SCA) is a sproadsheet
program for usec with Lotus 123 that incorporates the workshest calculations
contained in Chapter 9 of the 1985 Highway Capacity Manual (9). It is
arranged in six sections to 1look and function much like the worksheets
supplied in the capacity manual. To run SCA, the user noeds a copy of Lotus
1-2-3 version 1A, an IBM compatible systom with at loast 256K memory, a
double sided disk drive, and an Epson compatible printer to print the

output.

INFUT - Onco the program is loaded, a holp menu is displayed at the top of
the screen containing the following functions:

— Input : to input or change data

- GoTo : to move to a specific worksheet

— Header: to input or change header information

- OCycle : to change the signal cycle paramecters

- Print : print one or all worksheeots

-~ Save : to save a worksheet

~ Recall: to recall a worksheet

- Quit : to Quit SCA

Two tables are provided for '’'Input,’’ one is related to roadway

descriptions and the second is related to traffic,

The input paramoters nceded for the first table by lane groupings are

as follow:
- Grade

— Percontage Heavy vehicles
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— Parking data
- PHF
— Podestrian data
The data inputtsd to the second table are:
~ Movement volumes
~ Number of lanes
~ Groon time
~ Proportion of left turn
—~ Proportion of right turn
~ Lane width

~ Permitted and protected left turn options

OUTHUT — The program produces six workshoots, and they are:
1) General Information Workshest
2) Volume Adjustmont Worksheet
3) Left Turn Adjustment Worksheet
4) Satuoration Fiow Adjustment Worksheet
5) Capacity Analysis Worksheot
6) Level of service worksheet

These worksheets are identical to the worksheets listed in the capacity

manual .

PROGRAN HIGHLIGHTS AND SHORTCONINGS — SCA provides a capacity analysis of
signalized intersections using the 1985 HCM. It produces worksheets
identical to the onos documented in the capacity manual, which makes it casy

for the user to cross check the procedurs and the results. The use of
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spreadsheot concept permits observation of calculations update on the

screoon,

SCA has some shortcomings and they are:

The user has to have a Lotus 123 program to run the program,

The documentation of the program needs major improvements.

Changes to the original program masy be made unintentionally by a
user who is not experienced with spreadsheet.

The program asks for proportion of right turns and left turms in

percoent, yot it has to be inputted in fractional form.
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SIAP & FREESIAP

PROGRAN DESCRIPTION — SIAP, tho Signalized Intersection Analysis Program, is
functionally similar, but morc powerful than FHWA's SOAP84 program. SIAP
allows a rapid eovaluation of an existing or altornative signal timing
control plan for an isolated intersection (10), SIAP can select cycle
length, green splits, and dial assignments for up to 48 time periods. There
are 196 possible phasec scquoence combinations that can be evaluated. Both
permissive and restrictive 1left turn treatmonts can be analyzed. As
compared to FHWA’s SOAP84, SIAP pormits partial control over the greem split
optimization search to favor a particular street and/or specifying a
targeted 1limit on the maximom degree of saturation alloved. In addition,
approach speeds varying from 30 to 50 mph can be entered and affect left
turn saturation flow rates and excess fuel consmption.

FREESIAP provides a numbor of poworful commands to ocase the task of
SIAP input data preparation. The most important of these is the HELP
command . The HELP command gives access to FREESIAP's input prompts for amy
SIAP card type or FREESIAP's other commands. The commands allow listing of
files to screen or printer, modify an individual line, perform a replace,
delote or insert edit command, show more detailed information about some of
the SIAP cards or terminology, save the free and/or fix format files to
disk, and stop or restart FREESIAP. Commands may be ecxecuted at amy time.

Some commands permit exiting the command simply by ontering a RETURN.

INWUT - The required order of SIAP input data is relatively simple because

input data processing is controlled by the SIAP card type name.

Bmm. e * o v 2 e e .
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SIAP data specifications

*

alternative data specifications } repeatable option

. |

RUN |

COMPARE (Optional)

Onco a SIAP card has been read, the contonts of the card will remain in
effect until over-ridden by another SIAP card of the same type, thereby
pormitting alternative analyses with minimal data input.

When FREESIAP prompts for data or command, simply enter the card type
name and data field in free format. The rules for entoering STAP data in
free format follow:

1. Enter tho SIAP card type name followed by the data field separated

by commas.

2, If a data field is skipped, bo sure to use a comma in its place.

3. Aftor any given data field, all romaining data fields may be

skipped if defaults arc acceptable to you.
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4. Blanks are not ignored.

5. Do not use commas in comment fields.

FREESIAP dotocts a wide range of user input errors and responds in a
forgiving manner by providing the correct format or specifying what was
incorrect and then displays the standard entor data or command prompt.
Furthermore, FREESIAP contains an Intraline Editor which is entered with the
MODIFY command.

SIAP input data and commands are listed beiow with a short description

of their functions,.

BBGIN ~ initializes program and global parameters

CAPACTIY ~ ontors the number of lanes or saturation flow

— CASE - onters title used in conjunction with COMPARE

- CHE(K - activates syntex checking only

- COMMENT - documenting or describing input data

— COMPARE - activates comparison for runs with the CASE card

~ CONTROL ~ specify operating parameters for controller

— DENSE - changes internal line counter for 8 lines per inch printers.
Affects plots only.

- END - terminate the execcution of SIAP

- GROWTH - onters growth factors for traffic volumes

— HEADWAY - specifies saturation headway for each movements

- LEFT - specifies 1left turns on clearance interval and left turn
treatments

—~ MAXX -~ targotted maximum degrece of saturation used in tho green split

optimization procedure for pretimed control only

MINNS
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MINEW
MINOFF - controls green split optimization in coordination with MAXX
for pretimed control only
MINGREEN - specifies minimum green time by movemeonts
NOTIMING - cancels proceding TIMING card(s) and allows optimization
occur
NOWARN - suppressos most but not all warning messages
OPTION —~ activates or deactivates options. There are currently two
options:
Optionl: prints intormediate results of green split optimal
scarch
Option2: prints intermediate resolts of cycle 1length
optimization search
PLOTOFF - requosts (or turns off) SIAP printer plots
RON - jnitiates SIAP analysis or optimization for currently defined
conditions
SBIUENCE - specifiecs phasing sequences
TMBLES - request tables to be printed
TIMING - specifies timing and phase sequences for an evaluation
TRUCK - specifies porcentage of trucks and or buses
VOLUME - specifios traffic volumes by movemont
GRNSPLIT - SIAP initial'y performs a green split based on the
critical moveoaent analysis technique. SIAP tpon begins a
greon split optimization procedure controlled by user
spocified options such as MIN, MINNS, and MINEW and the
rolationship botweon MAXX and BIGX,

MAXX = targotted maximum degree of saturation
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BIGX = the largest degree of saturation for any movemont

~ WARN - reverses the offect of NOWARN card

OUTPUT - Included on the floppy diskette are two.batch filos and their
corresponding data files for easily controlling comprossed (17 characters
por inch) and normal (10 characters per inch) printing,

SIAP output consists of inpuot echoes, various tables if requested, a
left turn capacity choeck, an overall moasures of effectiveness (MOE's)
summary, time period specific MOE's summary, plots of saturation and delay
versus time, and a case comparison if requested. MOE's printed include
dolay, stops, excess fuel consumption duo to stops and accelerations, excess

lefts groater than capacity, and maximum queuc.

SPECJAL. FEATURES AND SHORTCONINGS — SIAP FREESIAP has the advantage of
doing wultiple runs. It has the graphic capability of showing the phasing
patterns, minimum degreec of saturation, average delay, and cycle length. It
also is capable of comparing different rons within a simple table form.

SIAP ovaluates actuated signal control, howover, maximum green time and
unit extension are not considered. Cycle longths and green splits sare
ostimated for average values. By the naturec of their design, actuated
signals, in gonoral, result in high degreec of saturation for the critical
movements at both low and high volumes. Most delay equations contain a term
for ostimating random (and possibly over—saturation) delay. At high degrees
of satoration and low volumes, these random dolay terms greatly over—
ostimate delay. A very rough correction for this problem has been added to
SIAP for actuvated control. This over-ostimate may also occur for pretimed

control, but only under unusual conditions. Again by their design, actuated
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signal control results in left turn capacities slightly greater than demand
with restrictive 1left torn troatments unless constrained by maximum greon
time sottings and gencral intersection over—capacity. For a rough estimate
of approach capacity, the user is advised to set minimum cycle time equal to
maximum cycle. ''Warning,’’ SIAP's and SOAP's signal timing and delay
ostimation for phasing sequence T (single phase) under actuated control may
produce unexpected values due to the complexity of modeling left turn and
opposing through traffic conflicts with an actuated signal dosign. The user

is advised to use judgment in ovaluating the SIAP output for phase sequence

T under actuated signal control.
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SICA

PROGEAN DESCRIPTION - SICA is an acronym for Signalized Intersection
Capacity Analysis. This computer program was developed for the IBM PC and
'"IBM compatible’’ microcomputoers. The program is written in Microsoft
Advanced Basic (11). SICA is intended for use by traffic ongineers who are
analyzing signalized intorsections to dotormine average stopped delay por
voehicle and level of service.

This program is a computerjzed reproduction of the methodology adopted
as Chapter 9 of tho 1985 edition of the Highway Capacity Manual (HCM). The
program neither changes nor modifies in any way the procedure or parameters
used in the HCM methods., While it is expocted that an experienced traffic
ongineer could wuse this program and interpret the results without knowing
the details of the HCM procedure, it is strongly recommended that program

usors thoroughly familiarize thomselves with the HCM,

1) Descriptive Information

2) Torning Movement Volumes per approach
3) Pedestrian Volumes per approach

4) Arrival Type per approach

5) Poak Hour Factor per approach

6) Percent Hoavy Vehiclos per approach

7) Number of Buses per approach

8) Porcent Grade per approach

9) Number of Lanes per approach
10) Lane Group Configuration and Geometrics

11) Parking Information
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12) Signal Information including Signal Type and Cycle Length, and

13) Signal Timings for each existent lane group

OUYPOT - The printed output consists of three pages.

The first page provides & copy of all the input data for reference
purposes, eospecially wuseful for analyzing the same intersection under a
variety of conditions.

The second page gives the results of the analysis in terms of the v/c_
ratio, average stopped delay, and level of service for each lane group,
dolay and lovel of service for each approach, and delay and level of service

for the intersection as a whole.

The third page provides an additional outpot information per lane group

per spproach. These are:

Adjusted Flow (V)

Proportion Left Turns (PLT)

Proportion Right Turns (PRT)

Adj. Saturation Flow Rate (S)

Flow Ratio (V/S)

Greon/Cycle Ratio (G/C)

Lane Group Capacity (C)

Volume/Capacity Ratio (X)

SPECTAL FEATURES AND SHORTCONINGS — The following special features are built

within this program:

1) The default values provided by the HCM for Pedestrian flow, peorcent

heavy vehicles, peak hour factor, grade, number of buses, number of
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2)

3)

4)

parking maneuvers, and arrival type can bo unsed by the program
without inputting the data.

The program uses the Lanc Group Configuration Type shown in Table 4,
Yhen the V/C ratio for a given lane group is greater than 1.2, the
output form will not show a delay, rather, the lane group, approach,
and intersection will be l1abelled OVERSATURATED. The V/C ratio is
printed out s0 that the analyst can see the degree of

oversaturation,

It can handle pre—timed, fully actuated, and semi-actuated signals.

SICA has the following shortcomings:

1)

2)

3)

It has poor diagnostic messages.

It requires the percent trucks in decimal, for example 5 percent
trucks should be inputted as 0.05. If the user inputs 5§ it will
treat it as 500 percont and it will not detect this error.

It is not clear whether greon time per lane group includes yellow or

not.
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Table 4 LANE GROUP CONFIGURATION TYPES OF SICA

LEFT TURNS RIGHT TURNS
TYPE #  LANE GROUP DESCRIPTION TYPE #
1 EXCLUSIVE TURN LANE PROTECTED PHASING 9
2 EXCLUSIVE TURN LANE PERMITTED PHASING 10

3 EXCLUSIVE TURN LANE PROTECTED

+ PRRMITTED PHASING 11
4 SHARED TURN + THROUGH LANE PROTECTED PHASING 12
5 SHARED TURN + THROUGH LANE PERMITTED PHASING 13
6 SHARED TURN + THROUGH LANE PROTECTED

+ PERMITTED PHASING 14
1 SINGLE LANE GROUP APPROACH 1
8 DOUBLE EXCLUSIVE TURN LANE PROTECTED PHASING 16
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SIGNAL

PROGRAN DESCRIPYIONS -~ BartonmAschman Associsates, Inc, has doveloped a
package of traffic engineering and related programs which provide quick,
accurate and consistent analysis results of traffic and transportation
related ongineering problems. Thoese programs are known collectively as
TEAPAC which is an acronym for Traffic Enginoering Application PACEage. One
of the programs in the package is called SIGNAL (12). SIGNAL analyzos
individual intersection control needs based upon approach capacity, lane
usagoe, podestrian and clearance constraints, and multi-phase signal control.
The mothodology uses the capacity analysis procedures documented in the 1965
HRB Highway Capacity Manual. The user of the program can analyze existing
conditions and timings as well as gonerate optimum signal timings and
phasings. The optimizer in the program seecks to ostablish the loast number
of phases of control at the best attainable level of service for a givon
cycle length,

This interactive analysis tool is particularly useful in doeveloping
individual intersection control strategies, controller requiremonts and
required timings sinco an ontire day's variation in volumes can be analyzed
quickly and accurately. Two-phase, threo~phase, multi-phase, and split-
phase control strategies are considered, with the ’'’best’’ phasing being
identified for each set of input data and oporational constraints, such as
tho accoptable range of cycles. The user can easily scan the output and
quickly determine which phasing will handle an adverse situation most
officiently.

Further, this analysis quickly identifies capacity problems and points
directly to the cause of the problem. At this point, solutions can be

genorated to solve tho problem in terms of more sophisticated control
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strategies, revised lane wusage, improved roadway geomotrics, or any
combination of the above, The results of this analysis will provide
valuable timing data related to local control which otherwiso would be very
time consuming to obtain by conventional hand analysis.

The output is presonted to allow the enginecer to quickly determine the
problom movements at an intersection. Data concerning the level of service
of each approach traffic lane are givon. The amount of available green time
used, and the maximum queue length is also given. Alternative solutions can
be quickly and oasily tried Thelping to optimize the solution in a
relatively short time.

It is suggested that a companion document, tho TEAPAC TUTORIAL, be read
first, before reading the user manual. The TEAPAC TUTORIAL introduces the
user to the basic commands of the TEAPAC control 1language and gives
instruction on its use. Familiarity with the TEAPAC’control language will
greatly aid the user in learning the commands unique to SIGNAL, since they

are nusod in the samo way and share the samo basic format,

INPUT - Almost all of the input parameoters have dofaults which eliminate the
need to enter data for every parameter. Those defaults are logical and may
be soon for any or all commands with the use of the HFLP command. However,
thore remains two commands for which it is necessary to input data, These
are the VOLUMES and WIDTHS commands. The remaining input data commands will
be gromped by their subject areas which include movement, approach,
intersection and analysis, Through the use of these commands, almost any

intersection may bo spocified quickly in a simple, straightforward manner.
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Intersection/Area-wide parameters - Thore are five commwands which refer to
factors of the intersection as a whole and the area-characteristics around

the intersection, Theso commands aro METROAREA, POPULATION, TYPE, PEDTIME
and NEIWORK.

Approach-Specific Parameters - The noext set of commands refor to the throe
or four approaches to the intersection. These commands sre PEAKHOURFACTORS,

PARKINGSIDES, BUSVOLUMES, BUSSTOPS, PEDLEVELS, and PERMISSIVES.

Movement—Specific Parameters - VOLUMES and WIDTHS are two of the movement-—
spoecific parameters. Five other commands are also movement spocific. These

commands are LANES, CHANNELIZATIONS, TRUCKPERCENTS, RBQCLEARANCES, and
MINIMONS .

Analysis factors - All the analysis factor commands relate to thoe timings
and phase settings for the intersection. Often those commands are used to
override sottings of parameters which other operations have sot. These
commands are GREENTIMES, YELLOWTIMES, CRITICAL, OFFSET, LEADLAGS, and
PHASEMOV EMENTS,

OUTPUT - The major output reports provided by the SIGNAL program are listed
below along with their calconlated Moasures Of Effectiveness:
1) Summary of Parameoter Values,
2) Capacity Analysis,
a) Lovel of Service, and
b) Maximum Queue.

3) REvaluation of Intersection Porformance,
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4)
5)

6)

7)

8)

9)

10)

a) Level of Service,

b) Degree of Saturation,
c) Average Delay,

d) Total Delay,

¢) Number Stopped,

f) Average Queueo, and

g) Maximum Queuno.
Service volomes,
Required G/C's,
Succossful Sequences,

a) Lovel of Service.
Sorted Sequences,

a) Lovel of Service.
Optimum Timings,
Sequence Phase Diagram, and

Map of Design Hour Volumes.

SPECIAL FEATURES AND SHORTOOMINGS ~ The program is able to handle the

following:

1)

2)

3)

4)

SIGNAL is able to calculate the optimum splits and phasing for a

given cycle length.

It is capable of drawing Sequence Phase Diagram and Map of Design

Hour Volumes.

It can gonorate a8 clear and useful summary of the data inputted by

the user and the default values.

It can provide a capacity anslysis summary for the intersection

and all individual approaches of intersection.

55




5)

6)

7)

8)

It is able to report on a number of porformance measures for each
traffic stream, as well as the roadway conditions and capacities

of each stream,

It can calculate the service volumes which are available in each
traffic streoam at cach level of service of operation. ,

It can test every available phasing at a specified cycle longth in
an attompt to make phasing work at the highest level of service.

It onables the wuser to identify the needed parameters using the

**HELP'' command.

The following shortcomings were obsoerved within this software:

1)

2)
3)
4)

5)

6)

In spite of the ability of the software to do so many different

types of analysis and evaluation, the program is not very user

friendly.

The documentation is not clear.

It takes time to master the software.

It requires capital letters.

According to the manual, tho program is supposed to be able to
choose optimum cycles, however it doesn’t have that capability.

It utilizes 1965 HCM, tho 1985 HCM makes this program obsolete.

56



SIGNALSS

PROGRAN DESCRIPTION - SIGNAL8S5, tho 1985 Highway Capacity Manual software
for signalized intersoctions is one of the programs available in TEAPAC from
BartonAschman Associates, Inc. (13),

The purpose of SIGNALSS is to analyze individual signalized
intersoctions in terms of capacity adequacy for a given set of approach
volumes. Factors such as approach width, signal phasing, signal timing,
cycle longth, pedestrian walk time constraints, controller requirements and
many other constraints are all considered in the analysis.

SIGNALS85 can be used to analyze a pre—determined condition or calculate
now and optimum timings given a set of constraints. The program can also
automatically select an optimum timing and produce an analysis of it.

It is suggostod that a companion documont, the TEAPAC TUTORIAL, be read
first, bofore roading tho signal document. Familiarity with the TEAPAC
control language will greatly aid the user in learning the commands unique

to SIGNAL8S, since they are used in the samo way and share the same basic

format,

INWT - The required data to analyze the intersection capacity by approach

are divided to the following groups of paramciers.

Intersection Parameters

Includes the location within tho metropolitan area, population of the

motropolitan area in thousands, intersection type, and time allocated to any

exclusive podestrian phases.

Approach Parameters
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These parameters include peak—hour factors, parking conditions on each
leg of the intersection, pedostrian interference levels for right turns on
ecach approach, and control status of left turns on a green ball following an

oxclusive phase (permissive loft condition). Local bus frequency and stop

information is slso included.

Movement Parameters

Traffic volumes and truck percentages for the 12 possible movements in
the intersoction, lane width and usage data for each movement, also,
chanreljzations for turning lanes, minimum timings for groem indications and

clearance intervals aro included within this category.

Analysis Paramoters

Timings for each phase (green timos and clearance interval times), and

critical movemenis for ecach phase are inputted within this category.

Design Paramoters

Design level of service identifies the desirable operation level, the
allowable range of cycle checking, the phasing sequence, and excess data
(specifies how any excess green time is assigned to the phasing during the

design procoduro) are inputted in this section.

OUTPUT —~ The major output reports provided by the SIGNALSS program are

listed below:
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1. Semmary of Parameter Valwes - The intorsection capacity parameter
summary which is a compilation of data pertinent to analyzing intersection

capacity by approach are smmarized here using tho SUMMARISE command.

2. Capacity Amalysis — The intersection Capacity Analysis roport, generated
primarily by the ANALYZE command, provides a capacity analysis summary for

tho intersection and all individual lpptcnéhes of the intersection.

3. CEBvaluation of Imtersectiom Performance ~ The evalnation of intersection
porformance generated by the EVALUATE command is s report designed to
summarize a number of porformance measures for each traffic stroam. The
omphasis is more on the ostimated level of each stroam’s porformance, rather
than on the parameters which were used to calculate the level, as in the

caso of the capacity analysis worksheet,

4. Servico Volumes —~ The Service Volumos report calculates the service
volumes which are available in each traffic stream at each level of service
of oporation. The service volumes are given in vehicles per hour of green,
making the assumption that the G/C allocated to the movement is 100 percent.
This procedure identifios the maximum service volumes which can be obtained

from each traffic stream.

5. Required 6/C's - The Required G/C's report generated by the GOVERCS
command, idoentifies the green to cycle time ratios which are required by the
domand volumes in ocach traffic stream to maintain each level of service of
operation, Thus, if a given movemont woere to receive oxactly the G/C shown

for a level of service, that movement would oporate at oxactly that level of

sorvice.
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6. Saccessful Sequenmces ~— VWhile the program is proceeding with the
oporational design of e¢ach of the specified phasings, the Successful
Sequences report is produced by tho DESIGN command to inform the user of the
progress of the design. Each phasing is tested at all specified cycle
lengths in an attompt to make the phasing work at the highest level of
sorvice, The first time a phasing is successfully designed at a given level
of service, the phasing code is printed along with the level of sorvice, the
G/C + Y/C represents the proportion of the cycle which is required to make
the critical movements operate at exactly the specified level of service,
therefore, the 1lower the G/C + Y/C required, the more probable is a

succossful operation of the sequonco.

7. Sorted Sequences - The Sorted Sequences roport genorated by the SORT
comaand, provides a valuable tool which can be used in making phasing
solections and cycle selection. This roeport is also an optional output of
the DESIGN command., Thoe sorted ordor reflects a very basic way of
identifying which phasings have the highost probability of being successful-
—those with the lowest overall requirement of cycle tiio at the best level

of service. This is the order in which the sequences are sorted.

8. Optimwm Timings - The Optimum Timings roport generated by the TIMINGS
command provides a list of the G/C + Y/C phase times which are required by
the critical movemonts to maintain operation at the designed level of
service. These phaso timos asre shown in seconds per second for the cycle
length shown and aro totalled in the last line. The roquired phase timeos
are thoen adjusted so that the total G/C + Y/C equals 1.000 by allocating

oxcoss time to the dofined priority movements,
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9. Soquence Phase Diagram — This diagram, generated by the DIAGRAM command,
provides a graphical interpretation of a specified phase sequence code
number., This diagram is also an integral part of the output for the ANALYZE
and EVALUATE commands, and is an optional output of tho TIMINGS commands.
Each phase is designated by a square box with arrows inside indicating the

movements which are allowed during that phase.

10. Map of Design Hour Volmmes — The Map of Design Hour Volumes gonerated
by the MAP command, provides a worksheet document which shows the relative
positions of the 12 turning movement volumes on a schematic diagram of the
intersection., In addition to the 12 turning movement volumes, the diagram
displays the total volumes of traffic ontering and exiting the intersection

on each leg.

SPECIAL. FEATURES AND SHORTOONINGS — The output is presented in a way that
allows the engineer to quickly determine the problem movements at an
intersection. Data concorning the level of service of each approach lane is
given, The amount of available groon time nsed, and the maximum quene
length is also given. Alternative solutions can be quickly and easily
tried, helping to optimize the solution in a short time.

SIGNAL8S has adapted the new Highway Capacity Manual 1985 methodology
and is able to do different typos of analyses.

According to the user manual the next version of the program will be
able to calculate the Optimum Cycle longth from a given range using the
Webster Delay Model.

One of the fow shortcomings with this software is the documentation,

It is tho old SIGNAL documentation, and it takes a long time to master the
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sof tware. Furthermore, the progrsm is so structured that a new user would
feel that the program is unfriendly, and that a relatively long training

period is needed to utilize its fullest potential.
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SOAP 84

The PFlorida Department of Transportation and Fedoral Highway
Administration have recently doveloped a computer model that provides a
valuable tool for examining & wide range of intersection signal design
altornatives and selocting the bost alternative.

SOAP, which is an acromym for Signal Operations Analysis Package, is a
traffic signal controller optimizing tool which enables the user to design
the signal timing for any three or four leogged intersection. SOAP will
determine the optimal cycle 1longth, phasing pattern and 1left—turn
configuration for isolated intersections. The user may preselect amy of the
design paramctors if he chooses, or allow SOAP to determine them by an
optimization algorithm. SOAP can analyze present timing as well. Since the
model has this dual capability——design and analysis——it can be used as an
ovaluation tool to compare the relative of fectiveness of alternative control

strategios (14),

MODEL. DESCRTPTION

The Signal Operations Analysis Package (SOAP) was designed and written
by the University of Florida Transportation Rosearch center. The program
was written in Fortran IV on an IBM 370/165 computer system. The program
consists of over 11,000 card images. Almost one half of these are actual
Fortran code with the remaining linos used for Program documentation.

This program requires 202K bytes of computer memory. During the
dovelopmont phase the program has been run using IBM FORTRAN G, H-extended
and WATFIV compilers. A version is also available for Burroughs conputors,

The curroent program is a stable and reliable version and should be free of
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errors., The program should be ready to run on most IBM systems with some
changes required for other systems.

Execution time will vary considorably depending upon the time periods,
type of control and use of progression analysis features. Typically, on the
IBM 370/165, an eoxocution time of two or three seconds may be required.
More detailed information of the model program is found in the Programmer's

Manual.,

INFUT RRQUIRENENTS

The developers of the model have provided a program which can be run
with only the normal information gathered by typical traffic ongineering
agencies. Provisions have been made for the user to modify the deofault
valuecs built into the program to reflect local conditions.

A standardized format for all input data is uvsed to simplify the coding
as much as possible.

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

Typo 1 ~ Instruction cards which tell SOAP what to do,

Type 2 - Paramoter cards which tell SOAP how to do it, and

Type 3 — Data cards which sapply the input variables for the

intersection under study.

Data may be coded and submitted to the computor as a single ron or for
multiple runms,

SOAP ijinput data may consist of an original data deck for a given
intersection with multiple runs for evaluating altornatives, In addition,
multiple intersections, or problems, may be included at the user's

discrotion,
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Instruction Cards
It was noted oarlier that multiple runs can be accommodated by SOAP.
This does not mean that data requirements becomec overly burdensome., There
aro threo levels of a completo oxecution:
1. A ’’job'’ which is tho complete execution
2. Problems, which are completely soparate and independent analyses,
but stacked for convenience to avoid multiple job oxecutions,
soparated by BBGIN cards, and
3. Runs within a problem separated by RUN cards
The key instruction cards are thus the BBGIN, RUN and END cards. The
BEGIN card clears all data arrays and commences a complotely new problem.
WYhen a RON card is oncountered, SOAP bogins execution and outputs all
reports requested prior to the RUN card. It then looks for either another
BBGIN card (to start a new problem), a COMPARE card (to insare that the
previous run is included in the comparison) or an END card to terminate
exocution. If none of these is encounterecd (including the card following a
COMPARE card) SOAP will begin to accept changes to the corront data in

preparation for the next raun,

Paramoter Cards

The parameter cards follow a BEGIN card. These four cards (PATTERN,
LEFTURN, OCONTROL, and LINK) ostablish the signal patterns, 1left turn
soquence, the controller dial settings, cycle lengths and coordination data.
All aroc optional and SOAP e¢ithor has default values or will produce the

paramoters internally. Additionally, the EXISTING data card has paramecters

similar to the PATTERN card.
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With multiple phasing and sequencing, there can be up to eight phases
and these may be scquenced in mamy combinations, or patterns. To understand
how to use tho PATTERN, LEFTURN and EXISTING cards, it is necessary to know
precisely how SOAP interprots soveral traffic engincoring terms,
specifically ’'’phase,’’ '’‘pattern,’’ and ’'’sequence.’’

1, Phase is a wunique green display which authorizes only certain

movements to occur, Typical phases are shown in Figure 2.,

2., Pattern is the combination of phases for the north-south (N-S) and
cast-wost (E-W) directions. For example, in Figure 2, the N-S
pattern consists of phases 1, 2, and 3, as indicated at the top of
the figure.

3. Sequence is the complete phasing for the cycle, or phases 1-5 as
shown at the top of Figure 2.

To simplify coding of the input cards, a standard torminology for

doscribing phases was doveloped. The permitted movements are simply named

according to their direction, as illustrated in Rigure 2.

Data Cards

Bight data cards exist, but only two (VOLUME and CAPACITY) are
required.

Tho VOLUME card is necessary to establish the traffic volumes for each
of the oight movemonts. A separate card is noecossary for each time interval
vhere a volumec change occurs. If data are missing for some intervals, the
user has the option to allow the program to eostimate the volumes by

intoerpolation of values on oach side of the vacant interval(s) or to omit

the interval(s).
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The CAPACITY Card ostablishes the (maximum) capacity, or saturation
flow por hour of green time, given to cach movement. However, the user has
the option of coding the number of lanes and the saturation flows will be
estimated using the departure headways provided in the HEAINAY Card. The
numbor of lanoes should be coded as a decimal number (o.g. 2.1) to permit the
user to adjust saturation flows for narrow pavemonts and othor restrictions.

Although the HEADWAY Card is optional, frequont users of SOAP will find
it doesirable to conduct headway studies for their area.

The EXISTING Card is optional but can be used to input existing signal
timing.

The MINGREEN Card 1is also optional dbut should be used whon minimum
greon times for pedostrian crossing are different than tho default values.
The default valuecs are 10 seconds for protected left turns and 15 seconds
for throvgh movement for pretimed signals and zoro seconds for actuated
signals.

The traffic volumes can be adjusted to reflect trucks and buses by use
of tho TRUCKS Card. The program converts the percent of trucks and buses to
equivalent passenger vehicles by multiplying by a factor 1.6.

The GRONTH Card can be used to vpdate old data or to reflect projected
changes in traffic volumes., Tho user can apply factors to each movement to

reflect those changes.

OPERATIONAL SUMMARY

SOAP has three inherent functions, namely, design, analysis, and
oporations. To design signal timing it is necessary to configure the
intersection and input the appropriate data, SOAP then produces all

legitimate phasing patterns. It intornally analyzes e¢ach pattern and
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selocts the ones which can be executed using the minimum amount of green
timeo.

The noxt step is dial assignment and timing. A typical controller
provides three dials which allow up to three timing patterns to be
implemonted. SOAP can handle up to six such patterns. The user must decide
how many patterns are to be used at a given intoersection and assign them to
the appropriate dial (control period). If any pattern is unassigned, SOAP
will do so, based on the traffic demands. If actuated control is desired,
no pattern assignmonts arec made and SOAP makes its computations accordingly.

Cycle 1longth is the most difficult design element to detormine. This
is a particularly complex problem whon several control periods are to be
designed, However, SOAP produces these quickly, based on the volumes,
capacitics and several other parameters. A trial and error optimization
procedure is used to find the cycle length which produces the minimom total
dolay, subject to constraints which govern the amount of queueing which can
be tolerated.

Analysis is accomplished by computing the various measures of

of fectiveness, MOE, which are:

delay,
- stops,
- bxcoss fuel consumption,

~ degree of saturation, and

loft—turn conflicts,
This allows the user to quantify the effeocts of cithor the designed control

strategy, or if desired, anmy oxplicit scheme ho wishes to analyze.
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Evaluation comes in the comparison of several alternative schemes.

Comparisons can be produced by SOAP automatically or the user may make them

off-1ine, manually.

CONPUTATIONAL ALGORTTHES

The MOE’s produced by SOAP were idontifiod above. The computational
algorithms to compute these measures are discussed in the following
paragraphs,

Delay is calculated using the well accepted Webster’s method for
unsaturatod flow under fixed-timed operations. The Webster model has three

components. The delay due to uniform arrivals is expressed as:

D = C(1-2)2
1 2(1-2x)
D, = dolay due to uniform arrivals (sec/veh),
C = cycle length (sec),
A = the proportion of groeen timec given to the movemont
(effective green time / C), and

X = the dogreo of saturation of the movement (V/C).

The delay due to random arrivals, D,, is,

x3
D, = v D)

where v = volumo (veh/sec) and the rest as shown above.

An adjustment factor, D,, is,
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¢ /*1x@2450)]
D, = -0.65 v

which was developed empirically to provide s botter mathematical fit to
fiold studies. Webster's dolay increases infinitely as the v/c ratio
spproaches 1.0, therofore Webster’s formula is only practical to use up to
v/c = 0.975. For high degrees of saturation, the modified Webster’'s dolay
model, wused in the TRANSYT signal network design and analysis program, is
also wused in SOAP, In this delay model, the first term of Webster’'s model

was retained, and the second and third terms were replaced by a single torm

of the form:

B_ 3 /3 B

X3 n

D, +D, = { (-} + -2
2 3

By By Ba

whore: Bn = 2(1-X) + XZ
= - 3
Bd 42 - Z
Z = (2X/v)*(60/T)
v = approach volume in vehicle per hour
T = period longth in minutes (usually 60 minutes)

For actuated control, no reliable delay model existed and this problem
is oxtromely complex, The approach nsed in SOAP was to modify Webster's
model. The actuated control strategy is assumed to:

a) Distribute the available green time in proportion to the demand on

the critical approaches, and

b) To minimize '’‘wasted’’ time by torminating each green interval as

soon as the queue has been served.
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This approximation simulates a '‘well timed’'’ actuated controller. To
achiove thoe rosults calculated by SOAP, it is therefore necossary to avoid
excossively long initial and extension intervals.

The cycle 1longth calculated by SOAP uses tho Webster’s mothod also.

For fixed time oporation the optimal cycle length, C,, is,

c - LSL+5

e 1-Y

where: L = sum of all 1lost time due to starting and stopping critical
movomonts, and
Y = overall dogree of saturation {i.e. the proportion of greon time

required for the movement of traffic)

For actuated control the ’'‘cycle length’’ is the avorage cycle length
which ensures all oxcess timo is dissipated in the starting and stopping
process, or 1 - Y, Therefore, the average cycle length, Ca' is simply
1.1L/(1-Y). In the low to moderate demand range, will always bo lower
than C, and the difference is slack time necessary to provide for the
stochastic variation in demand.

The proportion of vehicles required to stop, Ps' is equal to tho number
of vehicles joining the quene while it is still discharging, all divided by

the numboer of arrivals per cycle, or:

s  c¢fs—v)

where: r = length of red (sec.)

[
Il

saturation flow during green (veh/sec) and the rest as before
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Excess fucl consumption is computed from the percontage of stops as follows:

where: E
s

u =
v = volume (veh/br), and
Ps = percent of stops

gallons of fuel consumed duc to stops (gal/hr)

fuel consumption rate (gal/stop)

The oxcoss fuel consumption due to delay, Ed‘ is:

Ed =

where:

G ™
it ]

and of course total consmmption,
data indicato that a reasonable

approximately 0.6 gallons per hour.

The v/c ratio is a reflection
interseoction, For an individual

found by:

as proviously defined.
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fuel consmaption rate per veh—hr of idling

avoerage vehicle delay (sec/veh)

E, is the sum of Es and Ed. The Claffey

value for idling fuel consumption is

of the degree of saturation of

approach the degreo of saturation, X,
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Loft—turn conflicts occur when 1left turns are permissive, or not
exclusively protected. The measure of effoctivenoss is the number of left
turns which cannot be accommodated safoly. Since protected left turns have
no conflicts, none are computed. WYhen the turning vehicles may cross
traffic there must be sufficient gaps in the oncoming traffic. Based on
data dorived from simulation using the NETSIM model, curves that rolate
opposing volume to 1loft torn saturation rate were developod and they are

used by SOAP 84, Tho loft turn saturation flow rate is described by the

following two conditions:

1. Single lane opposing flow:

SL = 1404 - 1.632 V, + 0.0008347 V2 - 0.0000002138 V3

2, Multiple lane opposing flow:

S, = 1393 - 1.734 V, + 0.0009173 V3 - 0.0000001955 V3

where: SL satuoration flow for unprotected left turns (vph)

v,

opposing through volume (vph)

Given the opposing flow, the left turn saturation flow is taken from
the curve and compared to the left turn demand. Any '‘excoss’’ demand is
the number of 1loft turn conflicts. It is recognized that many left turns
aro made at the beginning or end of the red, thus the left turn conflicts
are not necessarily denied their turn, but it is felt that this MOE would
indicate whon (and where) enough oxcess left-turn manecuvers may occur that

remcdial action might be warranted.
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OUTFUT REPORTS

There arec six types of outputs available from SOAP. Each of these

provide useful information to the user.

Iaput Swemary

The input data is eochoed prior to oxecution. Where appropriate,
mossages are included so the user can verify that the action taken by SOAP
was as intended. Tho liboral use of the comment card will assist the user

in recalling the basis for the inpot data.

NOE Report

For each run a table of the numerical results of the current run is
output. Goneral and control strategy information is found above the table.
Within the table are the current values of the MOE, namely:

1. Dolay in vehicle-hours

2. Porcont saturation (v/c)

3. Maximum quens longth in vehicles

4. Porcontage of stops

5. Excoss fuel consmmed (dus to stops and delays) in gallons, and

6. Left—turn conflicts
All but the 1last are given separately for the through and loft-turn
movemonts for the four directions,

Bolow this table is a sommary of items 1 (also in average
seconds/vehicle), 2, 5 and 6 for the entire intersection. To the right of

tho summary is tho phasing diagram.

Dosign Rocommendations
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SOAP develops recommended doesigns based on optimal flow as constrained
by input paramoters. There are two types of output for recommended designs.
1. Phasing Patterns. When protectoed left turns are specified for one
or more approaches, it is necessary to choose the optimal phase pattorns
from sovoral alternatives, SOAP determines the bost 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
scparate design configuration so the user may compare the MOE. The phase
soequonce in each pattern is indicated as either:
a. User spocified
b. Dotermined by analysis of progrossion characteristics, or
c. Unimportant (i.ec., opposite phase sequence oqually acceptable)
2. Timing Design. Bach design configuration must bo optimized in
torms of cycle length, splits and patterns before the MOE can be calculated.
For eoach analysis period, the table includes dial number, cycle length and
splits. Above the table is gonerel information and control strategy
specifications. The ''PATTERN'' oentries indicate the possible sequences
rosulting from the choices available and are interproted exactly as
discussed in the previous section.
When the control is actuated, an asterisk (*) will appoar in the DIAL

column and the cycle length and splits are average for each period,

Intormediate Calculations Reports
The TABLE and PLOT commands are instruction cards which onable the user
to call for output of many tables (or plots) which are maintained by SOAP,
Table options include printouts of 42 differont types of tables which

indicate oither basic paramoters (trucks and bus factors, minimum green
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time, capacities, otc.) or operational measures (v/c ratios, degroo of
satoration, average dolay by period, etc.)

Plot options graphically portray a comparison of two different
statistics. Prosently, ocight plots are available and show such comparisons

as cycle length versus period, dolay or volumos por poriod and excess fuel

consumption by period,

Comparison Swmmarios

SOAP may be used to oxamine several different control strategies at an
intersection. Each alternative may generate up to fouor MOE tables doponding
on the choicoe of phasing patterns to handliec 1eft torns. To facilitate the
comparison of these alternatives, the user may requost a separate summary of
MOE’s following a series of runs.

A socond table gives the comparison of the '’best’’ case designs. The
output is obtained by including a COMPARE card in the input deck (after the

last RUN card which is to be included). Cases can be labeled by including

CASE card(s) in the deck.

Diagnostic Mossages

SOAP contains an oxtensive library of messagoes to inform the user of
fatal errors in the inputs, to alert the user to potential, bat non-fatal,
errors, and to advise tho user of actions taken by SOAP, such as the use of
default valuwes in liecu of data which wore not input. Thore are (4) levels
of messages, as follow:

1. 100 1level - fatal messagos which must be corrected bofore SOAP can

ocxecute. There are a total of 34 errors at this level.
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2. 200 1level -~ warning that the user may wish to reconsider some
aspoct of his inputs. Thero are 17 of those messages.

3. 300 level - simply informing the user that SOAP took some action as
& result, usvally, of omitted data cards. There are 19 of these
messagos.

4. 400 1lovel - those are high lovel messagos that will not generally
occur oxcopt when tho user is highly proficient with SOAP and is
gotting into the program itself.

The placemont of messages gonerally occurs in the input roport at the

location where SOAP had to maske a decision.

ADDITIONAL FEATURES

The SOAP options are oxtensive in terms of the dosign, configuration
and control strategies which can be analyzed or optimized. To summarize,
the following options are available in SOAP:

1. Analysis vs. dosign

2, Existing proset timing vs. optimization

3. Pretimed vs. actuated

4, Protected vs. unprotected l1eft—turn

S. Isolated run vs. multiple runs with comparison

6. Preset vs., optimal phase sequencing

7. Presot vs. optimal dial assignments

8. Numerous input data vs. default options

9. Isolated vs. coordinated control

10, Data check without execution

APPLICATIONS AND LINITATIONS
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As statod ocarlier, SOAP can be used to design and/or analyze any
standard traffic control stratogy for oither pretimed or actuated
operations. As such, it is limited primarily in the samo areas which the
controller itself is 1limited. The analysis and optimization is clearly
based on mathematical approximations of the resl world and therefores
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 extremely responsive
to traffic in real time. For instance, the combining of right turns with
through traffic in SOAP presents some problems with accurate ostimation of
capacity. This is not a severc limitation, however, since the vory function
of these sophisticated controllers is to optimize on a real time basis, but
SOAP is a vory powerful and realistic off-line design tool for the

practicing signal design enginoer.
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SOAP 84 (NICROCONPUTER VERSION)

The Signal Operation Analysis Package (SOAP) was developed as a tool
for design and evaluation of the operation of a signalized intersection.

The data input scheme is based on 80 column records which are read from
a text file. The scheme was originally designed to accommodate standard
punched card data ontry. The purpose of the datas input manager (DIM) is to
produce the text file in the required format from data enterod interactively
using a microcomputor with screen displays for input and editing. This
allows one to concentrate on the problem one is trying to solve, instead of
worrying sbout getting the right numbers in the right coluans,

In this semse, thc DIM is an excollent aid to productivity and
creativity. It is important to note, however, that it does not ecliminate
the need for a thorough knowledge of SOAP's data coding requirements. If
one is not familiar with tho use of SOAP as a traffic ongineering tool, it

will be necoessary to review tho SOAP84 Users Manuval (14),
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SOAP/M

PROGRAN DESCRIPTION .~ SOAP/M is a microcomputer version of the Signal
Oporation Analysis Package. It is part of the McTRAN system developed by
the University of Florida (15). SOAP/M carries out a complete design for
signalized intersection timing, including calculation of cycle length and
splits. The computational methodology is similar, but not identical, to
thoe methodology used in the original mainframe version of SOAP, SOAP/M
pormits inputting only one set of design volumes, capacities, etc., whereas
the original mainframe version can run up to 48 contiguous time periods,
ocach with its own characteristics.

The approach used in timing signals is based on an iterative process to
minimize a woighted sum of dolay and stops. Computation of delay and stops

is based on the same model using in the TRANSYT program.

INPUT
The program requires the basic parameters, such as:

o Volume
0 Capacity
o Porcent Trucks
o Peak Hour Factor
o Lost Time per phase
o Phasings

V] Minimum green times

oUTPUT
The output of the program includes:

o Optimal cycle length and splits
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o

o

Estimates of delay, stops, fuel consumption and annual

operating cost.

Two—page summary report showing the input stream.

SPECYIAL FEATURES AND SHORTCOMINGS

SOAP/M has the following special features:

o

o

0

Phasing optimization is attained by a trial and error
procedure.

Graphical display of the degree of saturation on all
mnovemonts is provided.

Annual oporating costs can be estimated.

Multiple runs can be carried out by the user.

The shortcomings of the program are:

(]

Poak hour factor is given for the intersection and not by the
approach,

The 1ast three feoatures of the traffic data input (Growth
Factor, Approach Distances, and Speed) are not operational.

It does not provide a comparison of results for multiple

rans.

The program is only available for Apple Computers.
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TEXAS

The TEXAS (Traffic EXporimental and Analytical Simulation) model was
developed for Texas State Highways and Public Transportation (SDHPT) by the
University of Texas’ Contor for Highway Rosearch (16). It is a microscopic
model which simulates isolated intersections from two uncontrolled ono-way

stroots to complex intersections with multiphase control, and/or multiple

lane movemonts.

MNODEI, DESCRIPTION
The model was originally developed using FORTRAN IV. With close to
15,000 lines of cxecutable statements, and it was doeveloped for both IBM and

CbC computeors. It requires a maximum of 110K octal words on the CDC

computer and 210K bytes on the IBM computer.
The model is composed of three major subprograms:
1. The Geometry Processor: it roads goometric data, ’'’'constructs'’

the physical intersection, and plots the intersection and prints

detailed output.
2. The Driver-Vehicle Processor: it reads input data and '’‘creates’'’

tho driver-vehicle traffic stream to be used in the traffic

simulation,

3. The Simulation Processor: it is a microscopic stochastic

simulation model. with time scan updating.

INPUT REQUIRENENTS
There aro two basic formats for the three processors in the model. The
Geometry Processor and Driver-Vehicle processor have the same input format

whilo tho simulation procossor hes its own separate input format.
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Four basic types of data must be inputted for the simulation processor:

1. Geometric information related to the intersection including number
of approaches, number of 1lanes, lane width, number of sight
distance restrictions, etc.

2. Traffic data such as volumes, speeds, types of headway
distributions, eotc,

3. Types of vohicles to be incluoded in the simulation, vehicle length,
decoleration and acceloration rate, maximum velocity for each
vehicle class, minimum turning radiuns, eotc.

4. Lano control parameter such as type of traffic control, nuaber of
intervals in signal cycle, interval 1length, initial interval,
vehicle interval, detector locations, etc.

5. Types of drivers, and percoption-reaction time for each type.

OPERATIONAL SUMNARY
As defined earlier, TEXAS is a microscopic, detorministic and
stochastic time scan simulation model. The dotailed descriptions of the

thrco major subprograms are provided individually beolow.

Goometry Processor (GEOPRO)

The purpose of the GEOPRO is to describe the physical system to be
simulated. The attributes of the system remain constant for any simulation
of the physical configuoration input. The geometric configuration of the
intersection is wusuvally based on the ongineering data available from a
scaled engineering drawing of the intersection. The only significant
rostrictions on the geometric layout is that all approaches must be linear,

but may approach at any ressonable angle and may have no vertical curves.
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Corb radii, vehicle paths and lanes are all realistically flexible and bays
(or parking in portions of 1lanes) can be described as lanes which are
available only for specified sections,

After '’constructing’’ the geometric 1layout, GEOPRO determines all
allowable vohicle paths through the intersection and identifies all points
of conflict. Lane changing within the intersection may be pormitted as an
option. Maximum spoeds, sight distance restrictions and conflicts
(including non-crossing conflicts, such as merges or close passing of
opposing left-turns) are generated by GEOLPRO. Plots of the intersection
and vohicle paths are output by GEOPRO as are printed details and coded data

output to tape to be used by the Simnlation Processor.

Driver—Vehicle Processor (DVPRO)

The IVPRO reoads tho same data as GEOPRO, this subprogram is concerned
with the proprocessing of driver—-vehicle units. The data are generally
available from routine traffic studies, and wore described carlier. It is
primarily in DVPRO where the random, or stochastic variation in the traffic
stream is applied. The user may specify the number of driver and vehicle
classes (dofaults are three and ten, respectively). Driver classes are
nonaggressive, normal or aggrossive. Vohicle characteristics are length,
vohicle operational factor (e.g., sluggish, normal or responsive), maximum
acceloration and deceleration rates, maximum speed, and turning radius,
Basod on the percentage of drivers and vehicles assigned to oach of the
sovoral classes a driver-vohicle class matrix is gonerated. The traffic
stroams (per approach) aro generated by randomly assigning the above classes

to each individual vehicle to be simulated, Thus, an input ’'’quene'’ is
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built into arrays and each driver-vehicle unit is fully described in terms
of the (mostly) randomly assigned attributes which are:

0 queunc-in time (sum of previous headways, or arrival time)

0 driver class number

o vehicle class number

o desired spoed

o doesired outbound approach number

o inbound 1lane number (inbound approach numbers are not randomly

assigned)

Table 5 shows the dofault valucs used for the various characteristics. A
varioty of probability distributions aro wused to assign the above
attributes. Output are printed summaries of the input streams and coded

data written to tape for use in the simulation model.

Traffic Simalation Processor (SIMFRO)

This subprogram (SIMPRO) is tho actual simulation wmodel. Using
previously gonerated data stored on magnetic tape and further card inputs to
establish parameoters to be used, SIMPRO performs the dynamic activity
computations required for the simulation,

SIMPRO handles the physical case of any single, multi-lsg, multi-lane,
mixed traffic intersection (including split intersections) cither withont
control or with any conventional type of traffic sign or signal control.
The model attempts to minimjzo proparatory calculations and is thus highly
user oriented.

The model operates on a time scan basis, whore at overy time increment
(1/2 to one socond) the simulated position and operational status of every

driver-vohicle unit and {(any oxisting) control status are updated, as
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needed, The degree of updating deponds on the likelihood of change. For
cxample, the relative actions of driver—-vehicle units are interdependent,
thus must be updated at every time increment.

Some eovents (e.g., interval changes of traffic signal displays) are
predictable and timos are flagged for nupdating at the appropriate timo
increment. With regard to the simulation time increment, the shorter the
time, the more accurate the results.

There are two control times of importance to the simulation process.
The first is startop time, where the system 1is startod empty and the
simulation model proceeds to load the system, No statistics are recorded
during this step. The user must input this time since no algorithm has yeot
beon 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 actuoal simulation time, which is also user
specified. Due to the high cost of simulation (despite significant
comprossion from real time), simulation times will normally be short,
compared to say field or macroscopic studies. The developers recommond at
least 10 minutes to obtain sufficient results for analysis,

The simunlation process operatos within the above time constraints in a
manner very closely approximating tho roal world. Arrivals are random (duo
to the stochastically derived hoadways), decisions are dynamic (o.g., gap
accoptance and lane changes are responsive to the immediate traffic
onvironment) and the car following submodel is among the most complex, and
realistic, of any existing model. At oach instant, the model makes
available to the simulated driver his desired spood, destination, present

position, speed, acceleration, doceleration (as well as the rate of change
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