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PREFACE 

Computer simulation is a valuable tool which can provide insight into the 

operation of engineering processes. Simulation of traffic flow and 

intersection control allows engineers to study the performance of proposed 

highway intersections under various conditions, even before construction 

begins, so that capacity, safety, efficiency, cost, and enviromental impact 

can be evaluated. Better utilization of existing streets and highways can 

also be realized through application of simulation results. 

This report discusses the development of a new traffic and intersection 

simulation package that was developed at the Center for Highway Research, The 

University of Texas at Austin, as part of the Cooperative Highway Research 

Program sponsored by the Texas State Department of Highways and Public 

Transportation and the Federal Highway Administration under the supervision of 

Dr. Clyde E. Lee, Director of the Center for Highway Research. 

This is the first in a series of four reports on Research Study Number 

3-18-72-184, "Simulation of Traffic by a Step-Through Technique." This report 

describes the development of the TEXAS Model for Intersection Traffic and the 

algorithms that are used in the computations. Appendices B through F, which 

are referenced in this report, are bound in a separate volume and constitute 

the second in this series of reports. The four reports which deal with the 

development, use, and application of the TEXAS Model are 

Research Report No. 184-1, liThe TEXAS Model for Intersection 

Traffic Development," Clyde E. Lee, Thomas W. Rioux, and 

Charlie R. Copeland. 

Research Report No. 184-2, liThe TEXAS Model for Intersection 

Traffic Programmer's Guide," Clyde E. Lee, Thomas W. Rioux, 

Vivek S. Savur, and Charlie R. Copeland. 
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Research Report No. 184-3, "The TEXAS Model for Intersection 

Traffic User's Guide," Clyde E. Lee, Glenn E. Grayson, 

Charlie R. Copeland, Jeff W. Miller, Thomas W. Rioux, and Vivek 

S. Savur. 

Research Report No. 184-4, "The TEXAS Model for Intersection 

Traffic Analysis of Signal Warrants and Intersection 

Capacity," Clyde E. Lee, Vivek S. Savur, and Glenn E. Grayson. 

The authors of this report wish to express their appreciation and extend 

thanks to the many individuals associated with several agencies who have 

contributed generously of their talents and time during the conduct of this 

resea~h program. Special thanks go to the personnel with the Center for 

Highway Research, Divisions 18T and 19 of the Texas State Department of 

Highways and Public Transportation, and the Federal Highway Administration. 



ABSTRACT 

A new microscopic traffic simulation package, called the TEXAS Model, 

which can be used as a tool by transportation engineers to evaluate traffic 

performance at isolated intersections operating under various types of 

intersection control has been developed. The package consists of a geometry 

processor, called GEOPRO, a driver-vehicle processor, called DVPRO, and a 

traffic simulation processor, called SIMPRO. 

GEOPRO calculates the geometric paths of vehicles on the approaches and 

in the intersection, identifies points of conflict between intersection paths, 

and determines the minimum available sight distance along each inbound 

approach. This information is written onto a magnetic tape for subsequent use 

by SIMPRO. 

DVPRO characterizes the traffic stream to be simulated by generating 

queue-in time and other random descriptors for individually characterized 

driver-vehicle units, describes pertinent characteristics of up to 5 classes 

of drivers and up to 15 classes of vehicles, and writes this information on a 

tape for later use by SIMPRO. An auxiliary headway-distribution-fitting 

processor aids the user in selecting appropriate headway distributions that 

describe observed or predicted traffic patterns. 

SIMPRO processes each driver-vehicle unit through the intersection system 

and gathers and reports a large selection of performance statistics. 

acceleration and deceleration models are incorporated within the TEXAS 

Linear 

Model, 

and a non-integer, microscopic, generalized car-following equation is used. 

Traffic signal simulators are included for pretimed, semi-actuated, and 

full-actuated controllers. Other intersection control options include 

uncontrolled, yield sign controlled, less-than-all-way stop sign controlled, 

and all-way stop sign controlled. Several new techniques of traffic 

simulation are implemented, including a geometrically accurate lane-change 

maneuver; sight distance restriction checking; intersection conflict 

checking; and efficient storage and logic processing methods. New field data 

recording devices which aid in collecting data for validation of the traffic 
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simulation package and in determining suitable input for the model are 

described. 

Input to the TEXAS Model has been designed to be user oriented and 

minimal while output is concise and functional. Documentation has been 

developed for both users and programmers. 

The TEXAS Model may be applied in evaluating existing or proposed 

intersection designs and for assessing the effects of changes in roadway 

geometry, driver and vehicle characteristics, flow conditions, intersection 

control, lane control, and signal timing plans upon traffic operations. 

The TEXAS Model is a useful and effective method for predicting traffic 

performance at existing and proposed intersections. The summary statistics 

that are reported can be obtained for a fraction of the cost of conventional 

field study techniques. The detail that has been incorporated into the model 

gives the user confidence that the behavior of the simulated driver-vehicle 

units is similar to that which is observed in the real world. 



SUMMARY 

A practical tool for evaluating existing or proposed intersection designs 

and for assessing the effects of changes in roadway geometry, driver and 

vehicle characteristics, flow conditions, intersection control, lane control, 

and signal timing schemes upon traffic operations has been developed by the 

Center for Highway Research. It is called the TEXAS Model for Intersection 

Traffic. 

The TEXAS Model is a new microscopic traffic simulation package 

consisting of a geometry processor, GEOPRO, a driver-vehicle processor, DVPRO, 

and a traffic simulation processor, SIMPRO. Two sets of input designed to be 

user oriented and minimal must be coded: 1) a set for GEOPRO and DVPRO and 2) 

a set for SIMPRO. Both GEOPRO and DVPRO write data that will remain constant 

for each simulation run onto a magnetic tape for later use by SIMPRO. 

GEOPRO calculates the paths that vehicles will follow through the 

intersection, intersection conflict pOints, and available sight distance. 

DVPRO generates the random descriptors of the driver-vehicle units that are 

used in the simulation. SIMPRO processes each driver-vehicle unit through the 

intersection system while gathering a large selection of performance 

statistics which are reported at the end of the simulation. 

Several new features of traffic simulation are incorporated in the model. 

Unique field data recording devices were developed to aid in the data 

collection that was necessary for validating the traffic simulation package. 

Sufficient detail is incorporated into the model to give the user confidence 

that the behavior of the simulated driver-vehicle is similar to that which 

would be observed in the field under the same conditions. 

Examples of input and output for three intersections, which include a 

wide variety of geometrics, traffic patterns, and signal control schemes are 

provided. These example runs show the versatility of the TEXAS Model. The 

relative ease of making changes in geometrics, traffic conditions, and control 

strategies encourages the user to investigate several feasible schemes before 

deciding on the most viable alternative to be implemented. 
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IMPLEMENTATION STATEMENT 

The design of intersections and the associated optimization of traffic 

control require analysis of the effects of several interacting variables, such 

as traffic patterns, geometric configurations, and traffic control schemes. 

In the past, experience with similar situations and rationalization have 

served as the primary means for evaluating anticipated results of unknown 

combinations of these variables. 

Now, as a result of this research, engineers can study the expected 

performance of intersections under various conditions and decide on an optimum 

design or strategy before actual implementation in the field. The summary 

statistics of the performance values that are reported by the TEXAS Model for 

Intersection Traffic are obtained for a fraction of the cost of conventional 

field study techniques. Detail has been incorporated into the model to give 

the user confidence that the behavior of the simulated driver-vehicle units is 

similar to that which would be observed in the real world. 

Since the improvement of intersection performance has long been of 

concern to traffic engineers, this new and valuable tool will be of interest 

and potential usefulness to engineers concerned with planning, geometric 

design, and traffic operations in municipal transportation departments, state 

highway departments, and the Federal Highway Administration. 
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1.0 INTRODUCTION 

Satisfactory solutions to traffic control problems at street and highway 

intersections involve the evaluation of capacity, efficiency, safety, 

environmental impact, and cost. This evaluation requires, among other things, 

a detailed analysis of the expected responses of individual driver-vehicle 

units to the unique conditions which may exist momentarily in the intersection 

area. Traffic movement on a road network is a complex, time-varying 

phenomenon which depends largely on the desires and capabilities of the 

individual drivers, the capabilities of the vehicles, the physical geometry of 

the road network and the type of traffic control. 

Engineers charged with the responsibility of optimizing traffic flow at 

intersections have historically observed traffic behavior at intersections and 

designed geometric configurations and regulatory traffic controls to improve 

existing conditions. In the past, their recommendations were derived mainly 

from the experience g~ined when such changes were made to other intersections 

with similar problems. Inadequacies in this approach led engineers to predict 

and use macroscopic estimations of traffic stream flow characteristics. As 

traffic demands grew, more sophisticated analysis techniques were needed. The 

lack of adequate means for predicting and tracing the response of individual 

driver-vehicle units has concerned transportation engineers through the years. 

Adequate tools have not been available for evaluating the performance of 

isolated intersections, actuated signal controllers, or uncontrolled 

intersections. Traffic simulation models for evaluating changes in roadway 

geometry; drivers and vehicles; flow conditions; 

lane control; and signal controller options have 

adequate. 

type of intersection and 

not been available nor 

Advances in digital computer technology during the past decade or so have 

made it feasible to simulate complex physical phenomena with considerable 

sophistication in a much compressed time frame. Several traffic simulation 

programs have been developed (Refs 1-10), but none of these has been designed 

specifically to handle the general case of a single, multi-leg, mixed-traffic 

intersection operating either without control or with any conventional form of 
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traffic control. Detailed computer simulation of the four major elements 

involved in the traffic flow (the driver, the vehicle, the roadway geometry, 

and the traffic control) can be used to evaluate the complex interactions that 

occur in actual traffic flow. By simulating various combinations of roadway 

geometry and traffic control under a wide range of chosen traffic conditions, 

the user can determine the optimum traffic flow conditions which can be 

practically attained at an intersection. 

In 1971, development of a traffic simulation package was undertaken as 

part of the Cooperative Research Program between the Center for Highway 

Research at The University of Texas at Austin, the Texas State Department of 

Highways and Public Transportation, and the United States Department of 

Transportation Federal Highway Administration. The objective of the research 

effort was to develop, verify, calibrate, and validate a microscopic traffic 

simulation package to evaluate traffic performance at isolate'd intersections 

operating under various types of intersection control. The scope included the 

development of all necessary computer programs in a form in which the general 

user could input and run the simulation package; the design and testing of a 

new generation of field data collection and storage devices; the collection 

of appropriate field data to calibrate the resulting rr~del; and the 

development of project documentation. The scope of the study was restricted 

to the simulation of traffic at a single intersection since other models 

(Refs 11-12) were at that time being configured primarily to handle 

multi-intersection, signalized networks. Emphasis was placed on making the 

traffic simulation package user-oriented and on minimizing ccmputer storage. 

The philosophy of initially incorporating as much detail as possible into the 

model and then subsequently eliminating any nonessential components was 

adopted. 

In the model which was developed, each individually characterized 

driver-vehicle unit is examined separately. At selectable time intervals 

(from one-half to one second), the computer program makes available to the 

simulated driver information suck as desired speed; destination; current 

position, velocity, acceleration, and acceleration slope (jerk); relative 

position and velocity of adjacent vehicles in the system; critical distances 

which must be maintained; sight restrictions; and the locati.on and status of 

traffic control devices. The simulated driver can (1) maintain speed, 

(2) accelerate, (3) decelerate, or (4) change lanes. Driver response is a 
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function of driver and vehicle characteristics; roadway geometry; 

intersection and lane control; and the actions of the other driver-vehicle 

units in the system. The highest priority logical response of the 

driver-vehicle unit is determined on the premise that the driver wants to 

maintain a desired speed but, will obey traffic laws and will maintain safety 

and comfort. To implement the chosen action, a future position, velocity, 

acceleration, and acceleration slope (jerk) are calculated, appropriate 

descriptors of the drive~'s actions are stored, and logic values are updated. 

Structured programming techniques were used in developing the necessary 

computer programs. Each distinct function in the computer program is isolated 

into a separate subprogram such that the higher-level subprograms contain 

mainly FORTRAN CALL statements to the lower-level subprograms. The average 

length of a subprogram is one to two pages of executable code. A special 

storage management technique is used as necessary to minimize computer storage 

requirements. FORTRAN IV language is used to implement the package on both 

Control Data Corporation (CDC6600) and International Business Machines 

(IBM370-155) computers. To achieve overall efficiency, computational 

functions which may not change during the analysis of a given intersection 

were isolated into a separate processor. 

In this document, equations are written using standard FORTRAN IV 

conventions (Ref 13). Specifically, the symbol "." denotes multiplication, 

the symbol "I" indicates division, and the symbol " .. " represents the rai sing 

of a quantity to a power. As an example of multiplication, the equation 

A = B·C ( 1.1) 

is interpreted as "A is equal to B times C". As an example of division, the 

equation 

A = B/C 

is interpreted as "A is equal to B divided by C". 

raising of a quantity to power, the equation 

II = B**C 

( 1 .2) 

As an example of the 
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is interpreted as "A is equal to B taken to the C power". In addition, 

standard FORTRAN IV function names- are used, such as ABS, ATAN, COS, and EXP. 

In this document, verification is defined as the process of ensuring that 

a particular algorithm for computation has been properly implemented in 

computer language. Calibration is defined as the process of modifying the 

verified computer model such that statistics gathered and reported by the 

model reasonably agree with the statistics gathered from field studies under 

similar conditions. Validation is defined as the process of ensuring that the 

calibrated model is valid over a wide range of conditions. 



2.0 ORGANIZATION OF THE TRAFFIC SIMULATION PACKAGE 

The traffic simulation package which was developed consists of two 

distinct components: (1) the traffic simulation portion and (2) the field 

data collection and analysis portion. The traffic simulation portion performs 

the calculations necessary to step each driver-vehicle unit through the 

intersection system and to gather simulated performance statistics, while the 

field data collection and analysis portion performs the calculations necessary 

for reducing observed real-world performance information to a form comparable 

with the simulation results. 

The traffic simulation portion consists of two pre-simulation processors 

and the traffic simulation processor. An essential function in the 

pre-simulation process is defining the geometry of the intersection. A 

geometry processor, GEOPRO, was developed to calculate and store all geometric 

details that are held constant for each traffic simulation run. GEOPRO 

(1) takes engineering data which describe the geometry of the intersection 

(normally available from a plan-view diagram of the intersection), 

(2) calculates the vehicle paths on the approaches, the vehicle paths within 

the intersection, the points of conflict between intersection paths, and the 

minimum available sight distance between vehicles on inbound approaches, and 

(3) writes the geometry data onto a magnetic tape for subsequent use by the 

traffic simulation processor. 

Another essential function in the pre-simulation process is defining the 

traffic stream. A driver-vehicle processor, DVPRO, was developed to 

characterize each driver-vehicle unit in the simulated traffic stream. DVPRO 

(1) takes engineering data which describe the traffic flow (normally available 

from routine traffic studies), (2) describes the characteristics of several 

driver and vehicle classes, generates individually characterized 

driver-vehicle units, and orders these units sequentially by queue-in time, 

and (3) writes the driver-vehicle data onto a magnetic tape for subsequent use 

by the traffic simulation processor. 

5 
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Repetitious computations that are required for simulating the movement of 

each driver-vehicle unit through the intersection in response to the defined 

conditions are incorporated into a traffic simulation processor called SIMPRO. 

This processor (1) takes the output tapes produced by GEOPRO and DVPRO plus 

additional card input which describes traffic control and other parameters for 

the particular simulation run, (2) processes each driver-vehicle unit through 

the simulation system, and (3) gathers and prints performance statistics about 

the simulation. The interrelation among these three processors is shown in 

Fig 2.1. 

For the field data collection and analysis portion, a new generation of 

field data collection and recording devices was developed to aid in collecting 

real-world performance statistics to be used for calibrating the simulation 

model and to serve as input to the simulation pre-processors. A delay 

recording device was developed to record observed stopped delay, queue delay, 

volumes, headways, and signal indications on voice-grade cassette tapes. A 

special time recording device was also developed to record observed headways 

and to time critical traffic maneuvers. 

In addition, several processors were developed to process and analyze the 

data. To retrieve the data stored by the delay recording device, an 

analog-to-digital processor, ADPRO, was developed. This proeessor (1) takes 

the cassette tapes produced by the delay recording device and (2) produces a 

digital tape containing the collected data. A delay, volume, and headway 

processor, DVHPRO, (1) accepts the digital tapes produced by ADPRO and 

(2) calculates and prints the observed performance statisties for selected 

time intervals. These performance statistics can be useej as input to the 

traffic simulation processors or to calibrate the model. A headway 

distribution fitting processor, DISFIT, was developed to aid in selecting 

appropriate mathematical descriptors of observed headway distributions. 

DISFIT (1) takes headways recorded by the delay recording devices or by the 

time recording device, (2) computes location and dispersion parameters for the 

data, fits selected mathematical distributions to the empirical headway data, 

calculates Chi-square for the Chi-squared goodness-of-fit test, and determines 

the maximum cumulative difference for the Kolmogorov-Smirnov one-sample test, 

and (3) plots a histogram of the input headway data and of each distribution 

fitted. The interrelation among these processors is shown in Fig 2.2. 
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3.0 THE GEOMETRY PROCESSOR 

3.1 Introduction And Purpose 

The geometry processor, GEOPRO, is one of the two pre-simulation 

processors. The purpose of GEOPRO is to calculate the vehicle paths on the 

approaches, the vehicle paths within the intersection, the points of conflict 

between intersection paths, and the minimum available sight distance between 

vehicles on inbound approaches. This information is processed in such a 

manner as to eliminate all need for Cartesian coordinate information within 

the traffic simulation model, but data are available which 

coordinates for any vehicle along any path, if desired. 

geometry data onto a magnetic tape for subsequent use 

can define the 

GEOPRO writes the 

by the tra ffic 

simulation processor. All calculations and indexing of geometry information 

for the traffic simulation process are included in GEOPRO. Initial 

development of the geometry processor has been described by Rioux (Ref 14). 

3.2 Input Requirements 

The geometry processor accepts as input the engineering data describing 

the physical layout of the intersection. This data is normally available from 

a plan-view diagram of the intersection. The generalized input to GEOPRO is 

shown in Table 3.1. The geometry processor options allow the user to define 

the type of intersection paths to be generated, to request the type of plot 

output desired, and to set the values of some parameters used in the 

calculations. A detailed explanation of the input and its format is contained 

in "The TEXAS Model for Intersection Traffic Use~'s Guide" (Ref 15). 

Extensive input error checking is performed by GEOPRO to ensure that certain 

data are within defined bounds, that all necessary information is provided, 

and that certain information is not duplicated. The geometry processor will 

print a message which describes the input error and then stop. There are 59 

9 
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Table 3.1 Generalized Input to the Geometry PrOCE!SSOr 

1. Title for the geometry processor run 

2. Approach information 

a. Number and list of inbound and outbound approaches 

b. Azimuth for each approach 

c. Coordinates for start of each approach 

d. Speed limit for each approach (mi/hr) 

e. Number of lanes for each approach 

f. Maximum angular deviation of straight-through movement for each approach 

g. Maximum angular deviation of u-turn movement for each approach 

3. Lane information 

a. Width of each lane (ft) 

b. Geometry of each lane 

1. Full length of lane available 

2. First of lane available only 

3. Last of lane available only 

4. Lane blocked in middle only 

c. Turning movements which can be generated from each inbound lane 

d. Turni ng movements which can be accepted by each out bound lane 

4. Arc information (for plotting) 

a. Number of arcs 

b. Coordinates for center of each arc 

c. Beginning azimuth of each arc 

d. Sweep angle of each arc 

1. Positive for clockwise 

2. Negative for counter-clockwise 

e. Radius of each arc (ft) 

5. Line information (for plotting) 

a. Number of lines 

b. Coordinates for beginning point of each line 

c. Coordinates for end point of each line 

( continued) 



Table 3.1 (continued) 

6. Sight distance restriction information 

a. Number of sight distance restriction points 

b. Coordinates of each sight distance restriction point 

7. Geometry processor options 

a. Path type option (PRIMARY/OPTION1) 

b. Plot option (PLOT/PLOTI/NOPLOT) 

c. Plot framing option (SAME/SEPARATE) (if plot requested) 

d. Plot scale factor (ft/in) (if plot requested) 

e. Maximum radius of arc portion of intersection paths (ft) 

f. Maximum distance between two intersection paths for an intersection 

conflict to be detected (ft) 

g. Plot paper width (12/30 inches) 

11 
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input errors detected by GEOPRO. 

3.2.1 Input For Approaches 

In developing the input for GEOPRO, the user refers to a plan-view 

diagram of the intersection under study and determines which direction shall 

be referenced as zero degrees azimuth. The user then number's each inbound 

approach (one which feeds traffic into the intersection) and each outbound 

approach (one which carries traffic away from the intersection). The approach 

numbers may be arbitrarily assigned but must be in the range from 1 to 12 and 

must not be duplicated. The recommended procedure is to start numbering the 

inbound approaches from the top of the diagram (zero degl'ees azimuth) and 

proceed sequentially in a counter-clockwise direction until all inbound 

approaches are numbered, and then to sequentially numbE~r the out bound 

approaches in the same manner. A normal four-leg intersection will have four 

inbound and four outbound approaches. For the inbound approaches, the 

southbound approach will be number 1, the east bound approach 1,Jill be number 2, 

the northbound approach will be number 3, and the westbound approach will be 

number 4. For the outbound approaches, the northbound approach will be 

number 5, the westbound approach will be number 6, the southbound approach 

will be number 1, and the eastbound approach will be number 8. The user then 

determines the direction of traffic flow (azimuth) and the Cartesian 

coordinates (between 0 feet and 2250 feet [686 meters]) of the median edge 

(left edge) of the approach in the direction of traffic flow. Also noted are 

the speed limit and the number of lanes. In order to define the type of 

movement for each generated intersection path for each inbound approach, the 

user must supply the number of degrees left or right of approach azimuth that 

is to be considered a straight-through movement and the number of degrees left 

or right of a full 180 degree turn that is considered a U-turn (see Fig 3.1). 

It is necessary to designate the turn type in this manner so that paths can be 

defined properly for certain skewed intersections and for intersections with 

more than four legs. 
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3.2.2 Input 'For Lanes 

For each lane, the user must specify the width, where the lane is 

available and not available for traffic, and the turning movements which can 

be generated from the lane (if an inbound lane) or the turning movements which 

can be accepted by the lane (if an out bound lane). GEOPRO aecommodates four 

types of lanes (see Fig 3.2): (1) the full length of the lane is available, 

(2) only the first part of the lane is available, (3) only the last part of 

the lane is available, and (4) the middle part of the lane is not available. 

When describing the turning movements that the lane can accommodate, the user 

can spec ify u-turn, left turn, straight-through movement, and/or right turn. 

If a plot is requested, these specifications are plotted as arrows at the end 

of each inbound lane and at the start of each outbound lane to provide the 

user with a visual check. These specifications are illustrated in Fig 3.3. 

In the top half of this figure, a normal intersection is shown, and in the 

bottom half, an example of an intersection with channelized right-turn bays is 

presented. Note that if outbound lane B is also designated for accepting 

straight-through movements, an intersection path connecting inbound lane A and 

outbound lane B will be generated by GEOPRO. After all the intersection paths 

are generated, a check is performed to ensure that an intersection path is 

available for each turning movement that is specified for each inbound lane. 

If not, an execution error message is printed and GEOPRO stops. 

3.2.3 Input For Arcs And Lines 

To improve the quality of plot output, the user may specify arc segments 

of simple circles and straight line segments that are to be drawn by GEOPRO. 

These are used to delineate curb returns, houses, buildings, detectors, and 

other objects GEOPRO would not normally plot. 
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3.2.4 Input For Sight Distance Restrictions, 

If there are sight distance restrictions, the user provides coordinates 

of critical points along the obstruction. The geometry processor considers 

only horizontal alignment sight distance restrictions and does not accommodate 

vertical alignment sight obstructions. When checking for restrictions, it is 

assumed that a vertical wall extends in a straight line from the start of the 

other approach to the specified coordinates. Thus, a continuous obstruction 

may normally be represented by specifying a single coordinate. 

3.2.5 Input For Geometry Processor Options 

The geometry processor path type option allows the generation of PRIMARY 

intersection paths, where no lane changing within the intersection is allowed, 

or OPTION1 intersection paths, where the intersection paths may change not 

more than one lane. Examples of PRIMARY intersection paths are illustrated in 

Fig 3.4 and examples of OPTION1 intersection paths are shown in Fig 3.5. 

The plot option allows the user to specify NOPLOT; PLOT, for ball point 

pen plots; and PLOTI, for ink pen plots. The plot framing option controls 

the plotting of the generated intersection paths: SAME, for intersection 

paths for all inbound approaches drawn on the same plot frame; or SEPARATE, 

for the intersection paths for each inbound approach drawn on separate plot 

frames. Figures 3.3, 3.4, and 3.5 are examples of the use of the SEPARATE 

plot frame option. The user may also specify (1) the plot scale factor, in 

ft/in, for the plot of the entire intersection and approach area and (2) the 

plot scale factor, in ft/in, for the enlargement of the intersection area 

only. If the user does not specify these plot scale factors (or if a plot 

scale factor is too small for the plot paper width) and a plot has been 

requested, GEOPRO will select the appropriate scale factor, from a list of 

normal scale factors, which will maximize the size of the plot within the 

available plot paper width. The plot paper width can be specified by the user 

as 12 inches (0.3048 meters) or 30 inches (0.762 meters). The user can also 

specify the maximum radius for the arc portion of an intersection path. Ifa 

generated intersection path has a radius which is larger than the maximum 
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specified, then GEOPRO will replace the path with a straight line segment 

path. Also specified is the maximum distance between two intersection paths 

for which an intersection conflict can be detected. This is the distance, for 

example, between two opposing left turns that would cause the vehicles to 

sideswipe each other even though the intersection paths do not cross. This 

value should therefore be a minimum of one vehicle width plU:3 a margin of 

safety. 

3.3 Algorithms For Computation 

The traffic simulation processor is designed to simulate the movement of 

driver-vehicle units on the approaches and through the intersection. To 

minimize the execution time and computer storage requirements of the traffic 

simulation processor, the coordinates of the position of each driver-vehicle 

unit are not calculated or kept during the simulation. Instead of 

coordinates, the distance that each unit travels along a predefined path is 

computed, no matter what the configuration of the path. Once a unit reaches 

the end of a path, it is transferred onto another path in accordance with the 

desired destination of the unit. It is the function of the geometry processor 

to calculate the shape and length of all paths that are used by the traffic 

simulation processor. 

3.3.1 Data Structure 

GEOPRO uses a special storage management and logic processing routine 

called COLEASE. Chapter 6 discusses COLEASE in more detall. This program 

accomplishes two objectives: (1) it provides a mechanism for storing 

specified variables in a format which maximizes computer bit storage by 

disregarding normal word boundaries and (2) it establishes an efficient means 

for processing logical binary networks. The geometry processor does not use 

the logic processing capabilities of COLEASE. 
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The user of OOLEASE defines entities, which are groups of attributes 

(variables). GEOPRO has 7 entities whose names are: APPRO (approach 

attributes), ARC (arc attributes), CONFLT (intersection conflict attributes), 

LANE (inbound and outbound lane attributes), LINE (line attributes), PATH 

(intersection path attributes), and SDR (sight distance restriction 

attributes) . 

In GEOPRO, there is an array called LIBA, in COMMON block GEOPRO, which 

is the list of inbound approaches. A value in LIBA serves as a pointer to the 

entry in the APPRO entity which contains information about the inbound 

approach. Likewise, there is an array called LOBA, also in COMMON block 

GEOPRO, which is the list of outbound approaches. A value in LOBA is a 

pointer to the entry in the APPRO entity which contains the information about 

the outbound approach. The number of inbound approaches, NIBA, and the number 

of outbound approaches, NOBA, are also in COMMON block GEOPRO. 

An attribute of the APPRO entity is the number of lanes, NLANES, and a 

corresponding list of lanes, LLANES. A value in LLANES serves as a pointer to 

the entry in the LANE entity which contains the information about the lane. 

Another attribute of the APPRO entity is the number of sight distance 

restrictions, NSDR, the list of sight distance restriction numbers, ISDRN, and 

the list of sight distance restriction approach numbers for the other approach 

involved in the sight distance restriction, ISDRA. 

An attribute of the LANE entity is the number of intersection paths, 

NPINT, and the list of intersection paths, LPINT, connected to the lane (if an 

inbound lane). 

An attribute of the 

conflicting intersection 

PATH 

paths, 

entity is the number of 

NGEOCP, and the list of 

geometrically 

geometrically 

conflicting intersection paths, IGEOCP. The PATH entity also has attributes 

which define the linking outbound approach, LOBAP, and the linking outbound 

lane, LOBL. 

The entities in GEOPRO contain numerous other attributes which describe 

the intersection being processed. A total of 24,782 attributes are stored by 

COLEASE. On CDC computers, these attributes and their bookkeeping data are 

stored in 4,254 60-bit computer words (5.83 attributes per computer word) 

while on IBM computers, these attributes and their bookkeeping data are stored 

in 7,708 32-bit computer words (3.22 attributes per computer word). 
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3.3.2 Vehicle Paths· 

For the paths on the approaches, the traffic simulation processor needs 

the approach number and the lane number in which each path Hes, the portions 

of the path that are available for traffic flow, the speed limit for vehicles 

on the path, and the intersection paths which originate from each inbound 

lane. For the paths within the intersection, the traffic simulation processor 

must know the approach number and the lane number of the inbound approach from 

which each path enters the intersection, the approach numbe!' and the lane 

number of the outbound approach where the path departs the :Lntersection, the 

length of the path, the type of turning movement, the speed Emit of vehicles 

on the path, the minimum turning radius of the path, and the potential points 

of conflict between other intersection paths. 

3.3.3 Approach Paths 

For the paths on the approach, the geometry processor generates a path 

that goes exactly down the middle of the lane if the lane width is an even 

number of feet. If the lane width is an odd number of feet, the geometry 

processor generates a path that lies one-half foot (0.1524 meter) towards the 

median edge (left edge) from the exact middle of the lane. 

3.3.4 Intersection Paths 

For paths within the 

geometry of turning paths 

intersection, 

is utilized. 

an approximation 

When making a 

of the actual 

turn wi thin an 

intersection, a vehicle is normally steered from a straight path (a curve that 

has an infinite radius) to a path which has some finite, constant radius and 

then again to a straight path. The portion of the path that has a finite 

constant radius is simply an arc of a circle. Since it is i~possible for the 

path of the vehicle to change instantaneously from an infinite radius to some 

finite radius, a transition path is developed in entering and leaving the 
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circular portion. A spiral (clothoid) curve, which changes radius in direct 

proportion to the distance along the curve, is frequently used to approximate 

this transition curve (Ref 16). To minimize the amount of information 

required to describe each path within the intersection and to minimize the 

complexity of the calculations of the coordinates of any point along the 

simulated vehicle path, no transition curves are used in the geometry 

processor. Only straight line segments and arcs of circles are used to 

describe intersection paths. This approximation is felt to be justified since 

the precision is consistent with other elements in the traffic simulation 

procedure. For example, there is only about a 5 percent difference in the 

length of the path described by a simple circular curve and in a comparable 

path which incorporates two spiral transition curves (see Fig 3.6). 

3.3.5 Intersection Path Geometry 

In order to be able to plot the intersection path and to possibly 

calculate the Cartesian coordinates of a vehicle on an intersection path, 

adequate information must be calculated by GEOPRO to fully describe the 

geometry of each path. An intersection path has been adopted which contains 

one or more of four sequential segments. The first segment is a straight 

line, the second segment is an arc of a circle, the third segment is also an 

arc of a circle but the rotation is the reverse of that of the second segment, 

and the fourth segment is a straight line. All paths within the intersection 

can be described by one or more of these segments in sequence. A segment 

length of zero means that the segment is not used in describing the 

intersection path. 

For the straight line segments, the Cartesian coordinates of the start 

and end points of the line and the length of the segment are determined. For 

the arc segment, the Cartesian coordinates of the center of the circle, the 

beginning azimuth of the arc, the central angle subtended by the arc (positive 

for clockwise rotation and negative for counter-clockwise rotation), the 

radius of the circle, and the length of the arc segment are found. 
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Using the four segments of the intersection path, the five possible path 

configurations are (1) a single straight line (segment 1 only), (2) a single 

arc of a circle (segment 2 only), (3) a reverse circular curve (segment 2 

followed by segment 3), (4) a straight line followed by an arc of a circle 

(segment 1 followed by segment 2), and (5) an arc of a circle followed by a 

straight line (segment 2 followed by segment 4). Figure 3.7 demonstrates 

examples of these five path configurations (path 5 in this figure would 

normally be illegal for the intersection). 

3.3.6 Radius Of Arc For Intersection Paths 

In selecting the radius of the circular curve used to describe an 

intersection path, the maximum feasible radius is chosen. This is done 

because the largest radius allows the maximum speed on the path. This 

requires the minimum braking and steering wheel rotation by the driver. If 

the radius of an arc for the path is greater than some specified maximum, a 

straight line is used instead of an arc of a circle. Figure 3.8 illustrates 

the difference in length between a 500-foot (152.4-meter) radius reverse 

circular curve path and a straight line segment path. 

3.3.7 Intersection Path Turn Movement Type 

To determine the turn movement type, the angle that the vehicle must turn 

through to negotiate the path is calculated and compared with the angle which 

defines the type of movement for the approach (see Fig 3.1). The U-turn is 

normally considered to be a full 180-degree turn, but an allowance has been 

made to permit the user to specify how many degrees less than a full 

180-degree turn is classified a U-turn. Therefore, if the user wanted a 

160-degree turn to be classified a U-turn, a value of 20 degrees would be 

input. The straight-through movement is normally considered to be exactly 

straight ahead, but again the user may specify how many degrees less than or 

greater than exactly straight ahead is considered a straight-through movement. 
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A left turn is thus any turn to the left that has not been classified as a 

U-turn or a straight-through movement. A right turn is any turn to the right 

that has not been classified as a U-turn or a straight-through movement. 

Before the paths within the intersection are calculated, the coordinates 

of the center of the end of each inbound lane and the center of the start of 

each outbound lane are determined. Because the type of turn is not known 

until the calculations for the intersection path are finished, a path is 

generated from each inbound lane to every outbound lane. After the properties 

of a particular intersection path are calculated, the path turn type is 

determined and the intersection path is checked to ensure that it is a legal 

maneuver for the inbound and outbound lanes. Only one intersection path is 

generated from an inbound lane to an outbound lane. To simplify the 

calculations of the properties of an intersection path, all necessary 

coordinates are rotated by the negative value of the azimuth of the inbound 

lane. This rotation makes the inbound lane artificially point north (zero 

azimuth); thus, if the rotated X coordinate of the outbound lane is less than 

the rotated X coordinate of the inbound lane, the intersection path could be a 

left turn. If the rotated X coordinate of the outbound lane is greater than 

the rotated X coordinate of the inbound lane, the intersection path could be a 

right turn. 

3.3.8 R Critical And Y Critical 

When the properties for an intersection path are being calculated, the 

angle of the turn is the number of degrees that the vehicle would turn through 

gOing from the inbound to the outbound lane (denoted as JANGLE in the 

following figures and in GEOPRO). The absolute value of the distance 

perpendicular to the inbound lane from the end point of the inbound lane to 

the starting point of the outbound lane is called the ADX distance. The 

absolute value of the distance parallel to the inbound lane from the end point 

of the inbound lane to the starting point of the outbound lane is called the 

ADY distance. As shown in Fig 3.9, for a specific ADX distance and a specific 

JANGLE, there is a unique ADY distance such that an arc of a circle is exactly 

tangent to both the end of the inbound lane and the start of the outbound 
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lane. The radius of this arc is called R critical (denoted RC in the figures 

and GEOPRO) and the ADY distance is called Y critical (denoted YC in the 

figures and GEOPRO). Figure 3.10 shows the flow process used to determine the 

appropriate subprogram which GEOPRO uses to calculate the properties for the 

intersection paths. 

3.3.9 U-turns 

The calculations for the left and right U-turns (JANGLE equal to 180 

degrees) calls for the radius to be one-half of the ADX distance and if there 

is a non-zero ADY distance, a straight line segment is added before or after 

the arc segment with a length equal to the ADY distance (see Fig 3.11 and 

Fig 3.12). 

3 • 3 . 1 0 Le ft Tur ns 

The calculations for R critical and Y critical are shown in Fig 3.13 for 

left turns of less than 90 degrees (JANGLE not equal to zero degrees). For an 

ADY distance less than Y critical, a straight line segment is calculated (with 

a length equal to the Y critical distance minus the ADY distance) following an 

arc with a radius less than R critical (see Fig 3.14). For the unusual case 

where the projections of the inbound and outbound approach paths do not 

intersect within the intersection area, a special reverse circular curve is 

calculated. The basic premise of the reverse curve is that the radii of both 

arcs are equal, thus producing the fastest intersection path. From the 

calculations shown in Fig 3.15, the equation for the radius of the arc is 

calculated using the quadratic formula. For an ADY distance greater than or 

equal to Y critical, a straight line segment is calculated (with a length 

equal to the ADY distance minus the Y critical distance) preceding an arc with 

a radius equal to R critical (see Fig 3.16). 
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Fig 3.11. Calculations for left U-turns. 
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Fig 3.12. Calculations for right U-turns. 
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RC - RC*COS(JANGLE) = ADX 
RC*(l-COS(JANGLE)) = ADX 
RC = ADX / (l-COS(JANGLE)) 
YC = RC*SIN(JANGLE) 

___ ot---- JAN G L E 

L 

ADX 

RC -----tIoooI 

INBOUND 

Fig 3.13. RC and YC calculations for left turns less than 90 degrees. 
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RC 
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Fig 3.14. Calculations for left turns less than 90 degrees 
and ADY less than YC • 
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OUTBOUND 

ADY 

--'"'~-JANGLE 

~--------------R--------------~ 

INBOUND 

2*R = SQRT((R-ADX+R*COS(JANGLE))**2+(ADY+R*SIN(JA~;LE))**2) 

(2-2*COS(JANGLE))*R**2 + (2*ADX*(1+COS(JANGLE))-2*ADY*SIN(JANGLE))*R + 

(-ADX**2-ADY**2) = 0 
A = 2-2*COS(JANGLE) 
B = 2*ADX*(1+COS(JANGLE))-2*ADY*SIN(JANGLE) 
C = -ADX**2-ADY**2 
R = (-B+SQRT(B**2-4*A*C)) / (2*A) 

Fig 3.15. Calculations for special reverse circu~.~r curve for left 
turns less than 90 degrees and ADY l~~s than YC • 
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Fig 3.16. Calculations for left turns less than 90 degrees 
and ADY greater than or equal to YC 
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The calculations for R critical and Y critical are shown in Fig 3.17 for 

left turns greater than or equal to 90 degrees (JANGLE not equal to 180 

degrees). For an ADY distance less than Y critical, a straight line segment 

is calculated (with a length equal to the Y critical distance minus the ADY 

distance) following an arc with a radius less than R critical (see Fig 3.18). 

For an ADY distance greater than or equal to Y critical, a straight line 

segment is calculated (with a length equal to the ADY distance minus the Y 

critical distance) preceding an arc with a radius equal to R critical (see 

Fig 3.19). 

3.3.11 Straight-through Movements 

The calculations for the straight-through movements (JANGLE equal to zero 

degrees) call for a reverse circular curve to be calculated if there is a 

non-zero ADX distance and for only a straight line segment to be calculated if 

there is a zero ADX distance. The calculations for the radius of the arcs are 

shown in Fig 3.20 and Fig 3.21. The basic premise for the calculations is 

that the radii for the two arcs are equal, thus producing the fastest 

intersection path. The formulae for the radius are simplifications of the 

calculations in Fig 3.15 and Fig 3.24 with JANGLE equal zero. 

3.3.12 Right Turns 

The calculations for R critical and Y critical are shown in Fig 3.22 for 

right turns of less than 90 degrees (JANGLE not equal to zero degrees). For 

an ADY distance less than Y critical, a straight line segment is calculated 

(with a length equal to the Y critical distance minus the ADY distance) 

following an arc with a radius less than R critical (see Fig 3.23). For the 

unusual case where the projections of the inbound and outbound approach paths 

do not meet within the intersection, a special reverse curve is calculated 

(see Fig 3.24). The basic premise of the reverse circular curve is that the 

radii of both arcs are equal, thus producing the fastest path. From the 



39 

JANGLE 

JANGLE 
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~-------- RC--------~~ 

~----------------ADX----------------~ 

RC + RC*COS(180-JANGLE) = ADX 
RC*(1+COS(180-JANGLE)) = ADX 
RC = ADX / (1+COS(180-JANGLE)) 
YC = RC*SIN(180-JANGLE) 

Fig 3.17. RC and YC calculations for left turns 
greater than or equal to 90 degrees. 
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F 3.18. Calculations for left turns greater than or equal 
to 90 degrees and ADY less than YC • 
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Fig 3.19. Calculations for left turns greater than or equal to 
90 degrees and ADY greater than or equal to YC 
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OUTBOUND 

ADY 

~--ADX--~ 

~------ R ------___ ... 

2*R = SQRT((R-ADX+R)**2+ADY**2) 
R = (ADX**2+ADY**2) / (4*ADX) 

INBOUND 

Fig 3.20. Calculations for straight through movements to the left. 
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2*R = SQRT((R-ADX+R)**2+ADY**2) 
R = (ADX**2+ADY**2) / (4*ADX) 

ADY 

Fig 3.21. Calculations for straight through movements to the right. 
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JANGLE -~ 

1 
YC 

e_.------I---J....JANL..,..G-L-E --~ ~ 

INBOUND 

RC - RC*COS(JANGLE) = ADX 
RC*(l-COS(JANGLE)) = ADX 
RC = ADX / (l-COS(JANGLE)) 
YC = RC*SIN(JANGLE) 

RC 

Fig 3.22. RC and YC calculations for right turns less 
than 90 degrees. 
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R*(l-COS(JANGLE}} = ADX - DY*COS(90-JANGLE} 
R = (ADX - OY*COS(90-JANGLE)} / (l-COS(JANGLE)) 

F 3.23. Calculations for right turns less than 
90 degrees and ADY less than YC . 
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OUTBOUND 

ABY 
JANGLE ~~l-

~-ADX-~ 

R 

INBOLIND 

2*R = SQRT((R-ADX+R*COS(JANGLE))**2+(ADY+R*SIN(JANGLE))**2) 
(2-2*COS(JANGLE))*R**2 + (2*ADX*(1+COS(JANGLE))-2*ADY*SIN(JANGLE))*R + 

(-ADX**2-ADY**2) = 0 
A = 2-2*COS(JANGLE) 
B = 2*ADX*(1+COS(JANGLE))-2*ADY*SIN(JANGLE) 
C = -ADX**2-ADY**2 
R = (-B+SQRT(B**2-4*A*C)) / (2*A) 

Fig 3.24. Calculations for special reverse circular curve for right turns 
less than 90 degrees and ADY less than YC . 
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calculations shown in Fig 3.24, the equation for the radius of the arcs is 

calculated using the quadratic formula. For an ADY distance greater than or 

equal to Y critical, a straight line segment is calculated (with a length 

equal to the ADY distance minus the Y critical distance) preceding an arc with 

a radius equal to R critical (see Fig 3.25). 

The calculations for R critical and Y critical are shown in Fig 3.26 for 

right turns greater than or equal to 90 degrees (JANGLE not equal to 180 

degrees). For an ADY distance less than Y critical, a straight line segment 

is calculated (with a length equal to the Y critical distance minus the ADY 

distance) following an arc with a radius less than R critical (see Fig 3.27). 

For an ADY distance greater than or equal to Y critical, a straight line 

segment is calculated (with a length equal to the ADY distance minus the Y 

critical distance) preceding an arc with a radius equal to R critical (see 

Fig 3.28). 

3.3.13 Path Type Option 

It is unrealistic to assume that every driver always obeys the law. A 

left turn usually may be made only from the extreme left lane (median lane) 

and a right turn may be made only from the extreme right lane (curb lane) 

unless an official traffic control device gives legal authority for other 

turning movements (Ref 17). Straight-through movements are always legal 

unless modified by an official traffic control device. In a normal four-leg 

intersection consisting of two lanes per inbound approach and two lanes per 

outbound approach, the median lane normally accommodates left turns and 

straight-through movements and the curb lane provides for straight-through 

movements and right turns. 

Since a prevalent problem with intersection operation is improper lane 

use within the intersection, a traffic simulation model would be restricted in 

its application if it calculated and made available only those paths within 

the intersection which are legally permissible by basic traffic laws or local 

signing. To allow the user to measure the effects of such maneuvers, two 

options which control the generation of the paths within the intersection have 

been established. The path type option may be PRIMARY, which calculates only 
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F 3.25. Calculations for right turns less than 90 degrees 
and ADY greater than or equal to YC 
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OUTBOUND 

1 
~---------RC--------~~ 

~--------------ADX--------------~~~I 
INBOUND 

RC + RC*COS(180-JANGLE) = ADX 
RC*(1+COS(180-JANGLE) = ADX 
RC = ADX / (1+COS(180-JANGLE)) 
YC = RC*SIN(180-JANGLE) 

Fig 3.26. RC and YC calculations for right turns greater than 
or equal to 90 degrees. 
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R*(I+COS(180-JANGLE)) = ADX - DY*COS(JANGLE-90) 
R = (ADX - DY*COS(JANGLE-90)) / (1+COS(180-JANGLE)) 
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DY 

Fig 3.27. Calculations for right turns greater than or equal 
to 90 degrees and ADY less than YC • 
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Fig 3.28. calculations for right turns greater than or equal to 90 degrees 
and ADY greater than or equal to YC 
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those intersection paths which are legally permissible according to the basic 

traffic laws or local signing and do not involve lane changing within the 

intersection. The path type option may also be OPTION 1, whi.ch generates all 

the PRIMARY intersection paths but also calculates intersection paths that 

change not more than one lane within the intersection. Examples of PRIMARY 

and OPTION1 intersection paths are found in Fig 3.4 and Fig 3.5. 

The geometry processor tries to calculate an intersection path connecting 

each inbound lane with each outbound lane. If the turnlng movement type 

determined for the intersection path has not been specified for the inbound 

lane and for the outbound lane, then the intersection path is discarded. 

Next, the geometry processor determines whether the intersection path changes 

lanes wi thin the intersection. Because u-turns are special turning maneuvers, 

no checking is performed to determine whether the u-turn involves changing 

lanes. For left turns and straight-through movements, the gE~ometry processor 

determines the first lane (from median to curb lane, or from left to right) on 

the inbound approach which can generate the turning movement type of the 

intersection path being checked (denoted LNI) and the first lane (from median 

to curb lane, or from left to right) on the outbound approach which can accept 

the turning movement type of the intersection path being ehecked (denoted 

LNO). If the inbound lane number for the intersection path is not the same 

relative number from LNI as the outbound lane number for the intersection path 

relative to LNO, then the intersection path is considered to change lanes. 

This procedure allows the straight intersection paths at the top of Fig 3.4 to 

be considered as not changing lanes because they go from the first and second 

lanes available on the inbound approach for straight-through movements to the 

first and second lanes available on the outbound approach for straight-through 

movements, respectively, whereas the other straight intersection paths at the 

top of Fig 3.5 are considered as changing lanes. If the inbound lane number 

is 1 or is not the last lane for the inbound approach, then the path type 

option is determined from this lane-change condition. If the inbound lane 

number is not 1 and is the last lane for the inbound approach, then the path 

type option is determined from the lane-change condition calculated when 

checking from curb to median lane (from right to left). This procedure allows 

the straight intersection path from the curb lane in the middle of Fig 3.4 to 

be considered as changing lanes but to be a PRIMARY path. In the traffic 

simulation processor, driver-vehicle units using this intersection path have 
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to yield to units using the other straight intersection path and try to change 

lanes to the median lane before the unit enters the intersection. For right 

turns, the geometry processor determines the first lane (from curb to median 

lane, or from right to left) on the inbound approach which can generate the 

turning movement type of the intersection path being checked (denoted LNI) and 

the first lane (from curb to median lane, or from right to left) on the 

outbound approach which can accept the turning movement type of the 

intersection path being checked (denoted LNO). Again, if the inbound lane 

number for the intersection path is not the same relative number from LNI as 

the outbound lane number for the intersection path relative to LNO, then the 

intersection path changes lanes. The path type option is then determined from 

this lane change condition. 

3.3.14 Maximum Speed For Intersection Paths 

The maximum speed on the paths within the intersection is a function of 

the minimum turning radius of the intersection path, the value for safe side 

friction, and the value of superelevation (the geometry processor does not 

consider superelevation at the intersection). The value for safe side 

friction used in the design of horizontal alignment is a function of velocity. 

At velocities less than 46.7 mi/hr (75.2 km/hr), the functional relationship 

is parabolic, while at higher velocities it is linear (Ref 18). Figure 3.29 

shows the design values for the side friction as a function of velocity and 

the equations used in GEOPRO. Figure 3.30 and Fig 3.31 show the values for 

maximum speed on horizontal 

4,000 feet (1,219.2 meters) 

curves versus values for radius from 0 feet to 

and 0 feet to 1,000 feet (304.8 meters), 

respectively. If an intersection path is only a straight line segment, then 

the radius is zero and the speed based on that radius is infinite. The 

maximum speed of the intersection path is set to the minimum of the inbound 

approach path speed limit, the speed based on the radius of the intersection 

path, and the outbound approach path speed limit. 
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3.3.15 Sight Distance Restrictions 

In developing the computations for sight distance restrictions, the 

desire to eliminate the need for Cartesian coordinate checking within the 

traffic simulation processor was fulfilled. For each inbound approach, GEOPRO 

determines whether there is a sight obstruction with any of the other inbound 

approaches. The user supplies the coordinates of each sight distance 

restriction (see Fig 3.32). For each 25-foot (7.62-meter) increment along an 

inbound approach, the coordinates of the center of the 25-foot (7.62-meter) 

increment are found and the equation for a line with its origin at the center 

of the increment and passing through each of the sight distance restriction 

coordinates is formulated. Then the lines are checked to see whether or not 

they intersect with a line from the center of the start of an inbound approach 

to the center of the end of an inbound approach, and if they intersect, then 

the distance from the center of the start of the other inbound approach to the 

intersection of the two lines is found and saved. This distance is called 

LDOWN in Fig 3.33 and GEOPRO. If another driver-vehicle unit's position on 

the other inbound approach is less than the LDOWN distance, then the unit 

cannot be seen. If its position is greater than or equal to the LDOWN 

distance, then the unit can be seen. If the LDOWN distance between any two 

inbound approaches is zero for each 25-foot (7.62-meter) increment, then there 

is no sight obstruction between the approaches. For a particular 25-foot 

(7.62-meter) increment, GEOPRO uses the largest LDOWN distance if there is 

more than one sight distance restriction coordinate. This procedure ensures 

that the minimum distance from the intersection (visible distance) is found 

for each 25-foot (7.62-meter) increment. 

3.3.16 Intersection Conflicts 

The geometry processor also calculates all the potential points of 

conflict between intersection paths. It accomplishes this task by determining 

whether there is a physical point of intersection between any of the component 

segments of an intersection path. An intersection path is composed of one or 

more segments in sequence: Segment 1 is a straight line segment; Segment 2 
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Fig 3.32. conceptualization of points of sight distance restriction. 



(X I, Y I ) -------il-.. 
Center of a 25-ft (7.62-m) 
Increment on on Inbound 
Approach 

Point of Sight Distance 
Restriction 
(XSDR ,YSDR) 

(X3 ,Y3)---
1------------1 Center of Endl-------4l--------1 

(X 2 ,Y2) 
Center of 

59 

of Inbound 

I Distance 
t"""-Visible 

Start of Inbound 
,I Approach 

LDOWN~ 
(X4 ,Y4) 

Point of 
Visibility 

*LDOWN= SORT ((X4-X2)u2+ (Y4-Y2)**2)+O.5 

Fig 3.33. Conceptualization of calculation of visible distance. 
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is an arc of a circle; Segment 3 is an arc of a circle; and Segment 4 is a 

straight line segment. Gf!:OPRO uses algebraic equations for the intersection 

of two straight line segments (see Section 3.3.16.1), the i.ntersection of a 

straight line segment and an arc of a circle (see Section 3.3.16.2), and the 

intersection of two arcs of circles (see Section 3.3.16.3). These equations 

may seem trivial, but their derivations and the transformations to computer 

language were quite involved. GEOPRO checks each intersection path with every 

other intersection path, checking first for a physical intersection with the 

actual intersection path (center of the vehicle path), checking next with a 

path parallel to the actual intersection path which is 1 foot (0.3048 meters) 

from the actual intersection path (for rounding errors), and lastly checking 

with a path parallel to the actual intersection path which is ICLOSE feet from 

the actual intersection path (see Fig 3.34). The value of ICLOSE is input by 

the user and is the maximum distance between two intersection paths for an 

intersection conflict to be detected. 

It has been found that only left turning and u-turn intersection paths 

need an outer band of ICLOSE distance because almost all other intersection 

paths will physically intersect if there is an intersection conflict. Other 

intersection paths use a 7-foot (2.1336-meter) outer band. It is assumed that 

intersection paths originating from the same inbound approach and the same 

inbound lane do not constitute an intersection conflict (see top example in 

Fig 3.35). Intersection paths which originate from the same inbound approach 

but go to different outbound lanes and which do not change lanes within the 

intersection are assumed to have no intersection conflicts (see bottom example 

in Fig 3.35). 

The intersection conflict pointers are ordered for each i.ntersection path 

by the distance down the intersection path to the point of conflict. By 

performing this operation, the traffic simulation processor can assume that 

the next intersection conflict on an intersection path list is further down 

the intersection path than the previous conflict. 



Fig 3.34. 

Point of 
Intersection 
Conflict 

I CLOSE +-----,iU.._-----+--- I C LOS E 
1ft 

(,3048m) 
1-<oIIf--r-- lft 

(,3048m) 

Conceptualization of intersection conflicts. 
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Same inbound approach and same inbound lane 

.. 

r 1 

Same inbound approach but different outbound lane 
(intersection paths do not lane change within the intersection) 

Fig 3.35. Examples of intersection paths with are assumed 
to have no intersection conflicts. 
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3.3.16.1 Intersection Of Two Straight Line Segments 

Assuming that there are two straight line segments which mayor may not 

intersect, the problem is to discover whether they do or not intersect. There 

are five distinct cases which must be investigated (see Fig 3.36): 

(1) neither line segment is vertical and they are not parallel, (2) neither 

line segment is vertical and they are parallel, (3) line segment A is vertical 

while line segment B is not vertical, (4) line segment B is vertical while 

line segment A is not vertical, and (5) both line segments are vertical. Line 

segment A is defined as a line going from coordinates (X 1, Y1) to (X2, Y2) and 

line segment B goes from coordinates (X3,Y3) to (X4,Y4). For the first case, 

when neither line segment is vertical and they are not parallel, the equation 

of line segment A is 

where XMA is the slope of line segment A and is 

XMA = (Y2-Y1)/(X2-X1) <3.2) 

and where XBA is the Y intercept of line segment A and is 

The equation of line segment B is 

<3.4 ) 

where XMB is the slope of line segment B and is 

XMB = (Y4-Y3)/(X4-X3) 

and where XBB is the Y intercept of line segment B and is 

<3.6 ) 
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(XI, YI) (X4, Y4) 

(XINT2 ,YIN T2) 
If Close 

(X2,Y2) (X4,Y4) 

(X3,Y3) (X2,Y2) (XI,YI) (X3,Y3) 
(XINTI, YINTI) 

If Close 

Neither line segment is 
vertical and they are 
not parallel 

Neither line segment is 
vertical and they 
are parallel 

(XI,YI) (X4,Y4) (XI,YI) 

(X3, Y3) (X2, Y2) (X4, Y4l (X2, Y2) 

Line segment A is vertical 
while line segment B 

Line segment B is vertical 
while line segment A 

is not vertical 

(XINT2,YINT2)1 
If Close 

(XI,Y!) 

LINEA 

is not vertical 

(X3,Y3) 

LINE B 

~4,Y4) 
(XINTI,YINTI) 

(X2,Y2) If Close 

Both line segments are vertical 

Fig 3.36. Straight line segment intersections with 
another straight line segment. 
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When Eq 3.1 and Eq 3.4 are solved simultaneously, the equation for the X 

coordinate of the point of intersection is 

XINT = (XBB-XBA)/(XMA-XMB) 

while the Y coordinate of the point of intersection is 

YINT = XMA*XINT + XBA (3.8) 

For the second case, when neither line segment is vertical and they are 

parallel, the equation for line segment A is given by Eq 3.1 through Eq 3.3, 

and the equation for line segment B is given by Eq 3.4 through Eq 3.6. The 

perpendicular distance between line segment A and line segment B is given by 

the following equation 

DIST = ABS(XBA-XBB)*COS(ATAN(0.5*(XMA+XMB))) 

If this distance approaches zero, then the line segments possibly intersect 

continuously; otherwise, the line segments do not intersect. If the line 

segments intersect continuously, then the minimum X and Y coordinates where 

the line segments are the same are given by 

XINT1 = AMAX1(AMIN1(X1,X2),AMIN1(X3,X4)) (3.10) 

YINT1 = AMAX1(AMIN1(Y1,Y2),AMIN1(Y3,Y4)) (3.11) 

and the maximum X and Y coordinates Hhere the line segments are the same are 

given by 

XINT2 = AMIN1(AMAX1(X1,X2),AMAX1(X3,X4)) (3.12) 

YINT2 = AMIN1(AMAX1(Y1,Y2),AMAX1(Y3,Y4)) 

For the third case, when line segment A is vertical while line segment B 

is not vertical, the equation for line segment A is 
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(3.14) 

and the equation for line segment B is given by Eq 3.4 through Eq 3.6. When 

Eq 3.14 and Eq 3.4 are solved simultaneously, the X coordinate of the point of 

intersection is 

XINT = XA 

and the Y coordinate of the point of intersection is 

YINT = XMB-XINT + XBB (3.16) 

For the fourth case, when line segment B is vertical while line segment A 

is not vertical, the equation for line segment A is given by Eq 3.1 through 

Eq 3.3 and the equation for line segment B is 

XB = 0.5*(X3+X4) (3.17) 

When Eq 3.1 and Eq 3.17 are solved simultaneously, the X coordinate of the 

point of intersection is 

XINT = XB (3.18) 

while the Y coordinate of the point of intersection is 

YINT = XMA*XINT + XBA (3.19) 

For the last case, when both line segments are vertical, the equation for 

line segment A is given by Eq 3.14 while the equation for line segment B is 

given by Eq 3.17. Because both line segments are vertical, the perpendicular 

distance between line segment A and line segment B is given by the following 

equation 

DIST = ABS(XA-XB) (3.20) 

If this distance approaches zero, then the line segments possibly intersect 
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continuously; otherwise, the line segments do not intersect. If the line 

segments intersect continuously, the minimum X and Y coordinates where -both 

line segments are the same are given by 

XINT1 = O.5*(XA+XB) (3.21) 

YINT1 = AMAX1(AMIN1(Y1,Y2),AMIN1(Y3,Y4» (3.22) 

and the maximum X and Y coordinates where both line segments are the same are 

given by 

XINT2 = XINT1 

YINT2 = AMIN1(AMAX1(Y1,Y2),AMAX1(Y3,Y4» (3.24) 

In each of the cases where there is one point of intersection between the 

line segments, appropriate tests are made to ensure that the point of 

intersection lies on both line segment A and line segment B. 

3.3.16.2 Straight Line Segment Intersection With An Arc Of A Circle 

Assuming that there is a straight line segment which mayor may not 

intersect with an arc of a circle, the problem is to discover whether they do 

or do not intersect. There are four distinct cases which must be investigated 

(see Fig 3.37): (1) the straight line segment 1.s not vertical and intersects 

the arc of the circle twice, (2) the straight line segment is not vertical and 

is tangent to the arc of the circle, (3) the straight line segment is vertical 

and intersects the arc of the circle twice, and (4) the straight line segment 

is vertical and is tangent to the arc of the circle. The straight line 

segment is defined as going from coordinate (X1,Y1) to (X2,Y2) and the arc of 

a circle is defined as having a center-of-circle coordinate of (XC,YC), having 

a radius equal to R, starting at an azimuth of BAZIM, and having a sweep angle 

of DEG degrees. 
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(XlI,YLI) 

(XINTI, YINTI) 

(XC,YC) 

(XL2, YL2) 

The straight line segment is 
not vertical and intersects 
the arc of the circle twice 

(XINTI, YINTI) 

(XL2, YL2) 

The straight line segment is 
vertical and intersects 
the arc of the cirlce twice 

(XLI, YLI) 

XINT,YINT) 

(XL2, YL2) 

The straigh t line segment is 
not vertical and is tangent 
to the arc of the circle 

(XLI, YLI) 

XINT, YINT) 

(XL2, YL2) 

The straight line segment is 
vertical and is tangent to 
the arc of the circle 

Fig 3.37. Straight line segment intersection with an arc of a circle. 
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For the first case, when the straight line segment is not vertical and 

intersects the arc of the circle twice, the equation of the straight line 

segment is 

Y = XM~X + XB (3.25) 

where XM is the slope of the line segment and is 

XM = (Y2-Y1)/(X2-X1) (3.26) 

and where XB is the Y intercept of the line segment and is 

XB = Y1 - X1*XM 

The equation of the arc of the circle isbe 

(3.28) 

when Eq 3.25 and Eq 3.28 are solved simultaneously, the equations for the X 

and Y coordinate of the points of intersection are 

XINT1 = (-B+SQRT(B**2-4*A*C))/(2*A) (3.29) 

YINT1 = XM*XINT1 + 'XB (3.30) 

XINT2 = (-B-SQRT(B**2-4*A*C))/(2*A) (3.31) 

YINT2 = XM*XINT2 + XB (3.32) 

where A, B, and C are constants of the quadratic equation and are 

B = -2*XC + 2·XM~XB -2*YC*XM (3.34) 

C = XC**2 + YC**2 + XB**2 - R**2 -2*YC*XB (3.35) 
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For the second case, when the straight line segment is not vertical and 

is tangent to the arc of the circle, the equation of the straight line segment 

is defined by Eq 3.25 through Eq 3.21 and the equation of the arc of the 

circle is defined by Eq 3.28. Again, when Eq 3.25 and Eq 3.28 are solved 

simultaneously, the equations for the X and Y coordinate of the point of 

intersection are (because B*-2-4*A*C approaches zero) 

XINT = -B/(2~A) 

YINT = XM*XINT + XB 

where A, B, and C are constants of the quadratic equation and are defined by 

Eq 3.33 through Eq 3.35. 

For the third case, when the straight line segment is vertical and 

intersects the arc of the circle twice, the equation of the straight line 

segment is 

(3.38) 

and the equation of the arc of the circle is defined by Eq 3.28. When Eq 3.38 

and Eq 3.28 are solved simultaneously, the equations for the X and Y 

coordinate of the points of intersection is 

XINT1 = X 

YINT1 = (-B+SQRT(B**2-4*A*C))/(2*A) (3.40) 

XINT2 = X (3.41) 

YINT2 = (-B-SQRT(B*-2-4-A*C))/(2*A) (3.42) 

where A, B, and C are constants of the quadratic equation and are 
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A = 1.0 (3.43) 

B = -2*YC (3.44) 

C = YC**2 + (X-XC)**2 - R**2 

For the last case, when the straight line segment is vertical and is 

tangent to the arc of the circle, the equation of the straight line segment is 

defined by Eq 3.38 and the equation of the arc of the circle is defined by 

Eq 3.28. Again, when Eq 3.38 and Eq 3.28 are solved simultaneously, the 

equation for the X and Y coordinates of the point of intersection would be 

(because B**2-4*A*C approaches zero) 

XI NT = X (3.46) 

YINT = -B/(2*A) (3.47) 

where A, B, and C are constants of the quadratic equation and are defined by 

Eq 3.43 through Eq 3.45. 

In each of the cases, appropriate tests are made to ensure that the 

point(s) of intersection lies on both the straight line segment and the arc of 

the circle. 

3.3.16.3 Intersection Of Two Arcs Of Circles 

Assuming that there are two arcs of circles which mayor may not 

intersect, the problem is to discover whether they do or do not intersect. 

There are four distinct cases which must be investigated (see Fig 3.38): 

(1) the arcs of the circles intersect twice and the Y coordinates of the 

points of intersection are not the same, (2) the arcs of the circles intersect 

twice and the Y coordinates of the points of intersection are the same, 

(3) the arcs of the circles are tangent, and (4) the arcs of the circles 

intersect continuously. The arc of circle A is defined as having a 

center-of-circle coordinate of (XCA,YCA), having a radius equal to RA, 



The arcs of the circles intersect twice and the Y coordinates 
of the intersection are not the same 

(XINTI, YINTI)~~~_~~-( XINT2, YINT2) 

The arcs of the circles intersect twice and the Y coordinates 
of the intersection are the same 

The arcs of the circles are tangent 

Fig 3.38. Arc of a circle intersection with another arc of a circle. 
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starting at an azimuth of BAZIMA, and having a sweep angle of DEGA degrees, 

while the arc of circle B is defined as having a center-of-circle coordinate 

of (XCB,YCB), having a radius equal to RB, starting at an azimuth of BAZIMB, 

and having a sweep angle of DEGB degrees. 

For the first case, when the arcs of the circles intersect twice and the 

Y coordinates of the points of intersection are not the same, the equation of 

the arc of circle A is 

(X-XCA)-*2 + (Y-YCA)**2 = RA**2 (3.48) 

while the equation of the arc of circle B is 

(X-XCB)**2 + (Y-YCB)**2 = RB*-2 

When Eq 3.48 and Eq 3.49 are solved simultaneously, the equations for the Y 

coordinates of the points of intersection are 

YINTl = (-B+SQRT(B**2-4*A*C»/(2*A) 

YINT2 = (-B-SQRT(B**2-4*A*C»/(2*A) 

where A, B, and C are constants of the quadratic equation, as follows 

A = 4*«XCB-XCA)**2+(YCB-YCA)**2) 

B = 4* (YCB-YCA)*(RB**2-RA**2+YCA**2-YCB**2) 

4*«XCB-XCA)**2)*(YCA+YCB) 

C = «RB**2-RA**2)-(YB**2-YA**2»*-2 + 

«XCB-XCA)**2)*(-2*RB**2-2*RA**2+2*YCA*-2 

+2*YCB*-2+(XCB-XCA)**2) 

(3.50) 

(3.51) 

(3.52) 

(3.54) 

The author was unable to develop an equation which would explicitly express 

the X coordinate of the intersection because the equation would involve a plus 

or minus square root term and no rule could be formulated for choosing whether 

the plus case or the minus case should be used. Since the value had to be one 
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or the other, the plus case was calculated and a test was performed to see if 

the coordinate (XINT,YINT) was RA distance away from (XCA,YCA) and RB distance 

away from (XCB,YCB). If the test was true, then the plus case was used; 

otherwise the minus case was used. The equation for an X coordinate of the 

intersection of the arcs of the circles, given a Y coordinate of the point of 

intersection YINT, is as follows 

XINT = XCA + SQRT(RA**2-(YINT-YCA)**2) <3.55 ) 

or 

XINT = XCA - SQRT(RA**2-(YINT-YCA)**2) <3.56 ) 

Since the point of intersection should lie on both arcs of the circles, the 

alternate equations could have been 

XINT = XCB + SQRT(RB**2-(YINT-YCB)**2) 

or 

XINT = XCB - SQRT(RB**2-(YINT-YCB)**2) <3.58) 

It should be noted from this procedure that the X coordinates of the points of 

intersection could be the same. This is a perfectly acceptable solution when 

the conditions exist. 

For the second case, when the arcs of the circles intersect twice and the 

Y coordinates of the points of intersection are the same, the equation of the 

arc of circle A is defined by Eq 3.48 while the equation of the arc of 

circ Ie B is defined by Eq 3.49. Again when Eq 3.48 and E.q 3.49 are solved 

simultaneously, the equation for the Y coordinate of the points of 

intersection are (because B**2-4*A*C approaches zero) 

YINT1 = -B/(2*A) <3.59) 

YINT2 = YINT1 <3.60 ) 
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where A, B, and C are constants of the quadratic equation and are defined by 

Eq 3.52 through Eq 3.54. Since there are two~oints of intersection with the 

same Y coordinate, the equations for the corresponding X coordinates for the 

points of intersection are given by Eq 3.55 through Eq 3.58. 

For the third case, when the arcs of the circles are tangent, the 

equation of the arc of circle A is defined by Eq 3.48 while the equation of 

the arc of circle B is defined by Eq 3.49. Again when Eq 3.48 and Eq 3.49 are 

solved simultaneously, the equation for the Y coordinate of the point of 

intersection is (because B**2-4*A*C approaches zero) 

YINT = -B/(2*A) (3.61) 

where A, B, and C are constants of the quadratic equation and are defined by 

Eq 3.52 through Eq 3.54. The equation for the X coordinate of the point of 

intersection is given by Eq 3.55 through Eq 3.58. 

For the last case, when the arcs of the circles intersect continuously, 

the equation for the arc of circle A is defined by Eq 3.48 while the equation 

for the arc of circle B is defined by Eq 3.49. In this case, XCA is equal to 

XCB, YCA is equal to YCB, and RA is equal to RB. In checking for intersection 

conflicts in GEOPRO, it is impossible for two arcs of circles to intersect 

continuously. 

In each of the cases, appropriate tests are made to ensure that the 

points of intersection lie within the bounds of the arc of circle A and the 

arc of circle B. 

3.4 Output 

Output from the geometry processor includes print, plot, and magnetic 

tape. The printed output includes the echo print of the input, a listing of 

the minimum available sight distance between inbound approaches (if there are 

restrictions), a listing of the intersection paths, and a listing of the 

intersection conflicts between the intersection paths. If there is an input 

error, a diagnostic message is printed and GEOPRO stops. There are 59 input 

errors which are detected and the STOP numbers range from 801 to 859. When an 
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execution error is detected by GEOPRO, a diagnostic message is printed, 

followed by a print of selected program variables. There are 18 execution 

errors detected (they are all considered "can't get here ~lts") and the STOP 

numbers range from 901 to 918. Several execution errors indicate problems in 

the input which could not be detected until computations commenced. 

Plot output is optional but is highly recommended. There are three basic 

plots: (1) a plot of the full length of all approaches and all sight distance 

restriction coordinates, (2) a plot of at least the last 20 feet (6.1 meters) 

of each inbound approach and at least the first 20 feet (6.1 meters) of each 

outbound approach (an enlargement of the intersection area), and (3) a plot of 

at least the last 20 feet (6.1 meters) of each inbound approach, at least the 

first 20 feet (6.1 meters) of each outbound approach, and all generated 

intersection paths. The third plot type may be one plot frame for all inbound 

approaches (plot framing option SAME) or one plot frame for each inbound 

approach (plot framing option SEPARATE). 

Magnetic tape output includes the title for the geometry processor run, 

the arc information, the line information, the approach information, the lane 

information, the sight distance restriction information, the intersection path 

information, and the intersection conflict information. Table 3.2 gives the 

structure of the data written onto the magnetic tape. 

3.5 Verification 

Verification of the geometry processor was accomplished by analyzing 

debug prints of intermediate results and reviewing printed and plotted output 

of various test data sets. In addition, several selected subprograms were 

tested independently to ensure that they performed properly. 

3.6 computer Requirements 

GEOPRO requires 29,760 words (72,100 octal) of storage on CDC computers 

and 176,000 bytes of storage on IBM computers. Geometry computations for an 
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Table 3.2 Magnetic Tape Output from the Geometry Processor 

1. Title for geometry processor run 

2. Arc information 

a. Number of arcs 

b. Arc attributes (if the number of arcs is not zero) 

1. Arc number 

2. X coordinate for the center of the arc 

3. Y coordinate for the center of the arc 

4. Beginning azimuth of the arc 

5. Sweep angle of the arc 

a. Positive for clockwise 

b. Negative for counter-clockwise 

6. Radius of the arc (ft) 

3. Line information 

a. Number of lines 

b. Line attributes (if the number of lines is not zero) 

1. Line number 

2. X coordinate for the start of the line 

3. Y coordinate for the start of the line 

4. X coordinate for the end of the line 

5. Y coordinate for the end of the line 

4. Approach information 

a. Number of inbound approaches 

b. List of inbound approaches 

c. Number of outbound approaches 

d. List of outbound approaches 

e. Number of inbound and outbound approaches 

f. Approach attributes 

1. Approach number 

2. Approach azimuth 

3. X coordinate for the start of approach 

4. Y coordinate for the start of approach 

5. Speed limit of approach (ft/sec) 

(continued) 
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Table 3.2 (continued) 

6. Number of lanes for approach 

7. Number of sight distance restrictions 

8. Approach number for approach to the left (zero for no approach) 

9. Approach number for approach to the right (zero for no approach) 

10. List of lane numbers for approach 

11. Sight distance restriction information 

(if number of sight distance restrictions is not zero) 

a. Sight distance restriction number 

b. Approach number of other approach involved in sight distance 

restriction 

5. Lane information 

a. Number of lanes 

b. Lane attributes 

1. Lane width (ft) 

2. Lane turn codes 

a. 0 for outbound 

b. bit set for right turn 

c. 2 bit set for straight through 

d. 4 bit set for left turn 

e. 8 bit set for u-turn 

3. Number of intersection paths for 

4. Lane number for lane to the left 

5. Lane number for lane to the right 

6. Approach number for lane 

7. Lane geometry for lane 

a. Begin1 ( ft) 

b. End1 ( ft) 

c. Begin2 (ft) 

d. End2 (ft) 

movement 

lane 

(zero for no lane) 

(zero for no lane) 

8. Distance from median edge to center of lane (ft) 

9. Inbound lane number (zero for outbound lane) 

( continued) 



Table 3.2 (continued) 

10. List of intersection paths for lane 

(if number of intersection paths for lane is not zero) 

6. Sight distance restriction information 

a. Number of sight distance restrictions 

b. Sight distance restriction attributes 

(if number of sight distance restrictions is not zero) 

1. Position on other approach that can be seen for each 25 foot 

(7.62 meters) increment on the approach (ft) (40 values) 

7. Intersection path information 

a. Number of intersection paths 

b. Intersection path attributes 

1. Approach number of linking inbound approach 

2. Lane number of linking inbound lane (1 to 6) 

3. Approach number of linking outbound approach 

4. Lane number of linking outbound lane (1 to 6) 

5. Segment 1 information (line) 

a. X coordinate for start of line 

b. Y coordinate for start of line 

c. Length of line ( ft) (zero for segment not used) 

d. X coordinate for end of line 

e. y coordinate for end of line 

6. Segment 2 information (arc) 

a. X coordinate for center of arc 

b. y coordinate for center of arc 

c. Length of arc (0 for segInent not used) 

d. Radius of arc 

e. Beginning azimuth of arc 

f. Sweep angle for arc 

1. Positive for clockwise 

2. Negative for counter-clockwise 

79 

(continued) 
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Table 3.2 (continued) 

7. Segment 3 information (arc) 

a. X coordinate for center of arc 

b. Y coordinate for center of arc 

c. Length of arc (ft) (zero for segment not used) 

d. Radius of arc 

e. Beginning azimuth of arc 

f. Sweep angle of arc 

1- Positive for clockwise 

2. Negative for counter-clockwise 

8. Segment 4 information (line) 

a. X coordinate for start of line 

b. Y coordinate for start of line 

c. Length of line ( ft) (zero for segment not used) 

d. X coordinate for end of line 

e. Y coordinate for end of line 

9. Total length of intersection path ( ft) 

10. Intersection path turn code 

a. for right turn 

b. 2 for straight through movement 

c. 4 for left turn 

d. 8 for u-turn 

11- Path option 

a. 0 for PRIMARY 

b. for OPTION1 

12. Lane change flag 

a. 0 for no lane change 

b. for lane change 

13. Linking outbound lane number (1 to the total number of lanes) 

14. Number of intersection conflicts for intersection path 

16. Intersection conflict numbers ordered by distance down this 

intersection path (if number of intersection conflicts is not zero) 

( continued) 
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Table 3.2 (continued) 

8. Intersection conflict information 

• .- •.. ". 11 

a. Number of intersection conflicts 

b. Intersection conflict attributes 

1. Intersection path number for first intersection path 

2. Intersection path number for second intersection path 

3. Inbound approach number for first intersection path 

4. Inbound approach number for second intersection path 

5. Distance down first intersection path to intersection conflict (ft) 

6. Distance down second intersection path to intersection conflict (ft) 

7. Intersection conflict angle measured from the first intersection path 

to the second intersection path 

8. Index number for this conflict for first intersection path 

9. Index number for this conflict for second intersection path 
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average intersection (four inbound and four outbound approaches, two lanes per 

approach, four sight distance restriction coordinates, and PRIMARY 

intersection paths) take 6.3 central processor seconds on CDC computers and 

9.2 central processor seconds (0.153 minutes) on IBM computers. 

3.7 Documentation 

Documentation for the geometry processor includes an explanation of the 

input and output contained in a user's guide (Ref 15), numerous COMMENT 

statements within the computer program, and a programmer's guide (Ref 19). 

The programmer's guide includes (1) the geometry processor limitations, (2) a 

listing of the input errors detected, (3) a listing of the execution errors 

detected, (4) the definition of the attributes in each entity, (5) the 

definition of the variables in each COMMON block, (6) the definition of the 

local variables used in each subprogram, (7) an alphabetical listing of all 

subprograms and the subprograms which can call them, (8) an alphabetical 

listing of all variables, their storage type, and the subprograms in which 

they are used, and (9) a generalized calling sequence diagram. 

3.8 Additional Information 

Appendix A contains example input, printed output, and plot output for a 

normal four-leg intersection, a six-leg intersection, and a channelized 

four-leg intersection. A listing of the geometry processor and its 

programmer's guide are provided in Appendix B. Table 3.3 gives the breakdown 

of the geometry processor FORTRAN statements. 
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Table 3.3 Fortran Statement Categorization for the Geometry Processor 

Number of cards with <BLOCK DATA) --------- .02 Percent 

Number of cards with <CALL ) --------- 303 4.87 Percent 

Number of cards with <COMMON ) --------- 703 11 .29 Percent 

Number of cards with <CONTINUE ) --------- 406 6.52 Percent 

Number of cards with <DATA ) --------- 217 3.48 Percent 

Number of cards with <DIMENSION ) --------- 38 .61 Percent 

Number of cards with <DO ) --------- 99 1.59 Percent 

Number of cards with <DOUBLE PRE) --------- 220 3.53 Percent 

Number of cards with <END ) --------- 84 1.35 Percent 

Number of cards with <EQUIV ALENC) --------- 29 .47 Percent 

Number of cards with <FORMAT ) --------- 239 3.84 Percent 

Number of cards with <FUNCTION ) --------- 5 .08 Percent 

Number of cards with <GO TO ) --------- 64 1.03 Percent 

Number of cards with <IF ) --------- 603 9.68 Percent 

Number of cards with <PROGRAM ) --------- .02 Percent 

Number of cards with <RETURN ) --------- 99 1.59 Percent 

Number of cards with <STOP ) --------- 83 1.33 Percent 

Number of cards with <SUBROUTINE) --------- 74 1.19 Percent 

Number of cards with COMMENTs ------------- 1389 22.31 Percent 

Number of cards with I/O statements ------- 240 3.86 Percent 

Number of cards with conditional assembly - 105 1.69 Percent 

Number of cards with other statements ----- 1225 19.67 Percent 

Total number of statements ---------------- 6227 
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4.0 THE DRIVER-VEHICLE PROCESSOR 

4.1 Introduction And Purpose 

The driver-vehicle processor, DVPRO, is the other pre-simulation 

processor. The purpose of DVPRO is to describe the characteristics of up to 5 

driver classes and up to 15 vehicle classes, generate individual 

driver-vehicle units to be simulated by the traffic simulation processor, 

order the generated driver-vehicle units sequentially by queue-in time, 

provide default characteristics for 3 driver classes and 10 vehicle classes, 

insert special driver-vehicle units into the traffic stream, and write the 

driver-vehicle information on a magnetic tape for subsequent use by the 

simulation processor. The user may (1) input all the traffic stream as 

special driver-vehicle units and have no driver-vehicle units generated, 

(2) input some of the traffic stream as special driver-vehicle units and have 

the remainder of the driver-vehicle units generated, or (3) input no special 

driver-vehicle units and have all the driver-vehicle units generated. All 

calculations and indexing of the driver-vehicle information for the simulation 

process are incorporated in DVPRO. Initial development of the driver-vehicle 

processor is described by King (Ref 20). 

4.2 Input Requirements 

The driver-vehicle processor accepts input data which describes the 

traffic stream to be simulated. This input data is normally available from 

routine traffic studies or from experience with similar intersections. The 

generalized input to DVPRO is shown in Table 4.1. The driver-vehicle 

processor options allow the user to define the time for generating traffic, 

set the values of some parameters used in the calculations, override the 

program-defined default values for the driver and vehicle characteristics, and 

request a log-out summary for each driver and/or vehicle class. A detailed 

85 
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Table 4.1 Generalized Input to the Driver-Vehicle Processor 

1. Title for the driver-vehicle processor run 

2. Approach information 

a. Number and list of inbound and outbound approaches 

b. Azimuth for each approach 

c. Number of lanes for each approach 

d. Maximum angular deviation of straight movement for each approach 

e. Headway distribution and parameter(s) for each approach 

Constant (no parameter) 

2. Erlang (K = mean*-2/variance) 

3. Gamma (A = mean-*2/variance) 

4. Lognormal (standard deviation) 

5. Negative exponential (no parameter) 

6. Shifted negative exponential (TAU = mean - standard deviation) 

7. Uniform (standard deviation) 

f. Equivalent hourly volume for each approach (veh/hr) 

g. Mean and 85th percentile speed for each approach (mi/hr) 

h. Percent of vehicles going from each inbound approach to each outbound 

approach (turning distribution) 

i. Percent of each vehicle class making up the traffic stream 

(optional: program supplied for 10 vehicle classes) 

3. Lane information 

a. Geometry for each lane 

1. Full length of lane available 

2. First of lane available only 

3. Last of lane available only 

4. Lane blocked in middle only 

b. Percent of approach volu~e in lane upon entry for each lane 

(lane occupancy) 

4. Driver-vehicle processor options 

a. Number of minutes for generatin~ traffic (min) 

b. Minimum time between two vehicles in the same lane (sec) 

(continued) 
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Table 4.1 (continued) 

c. Number of driver and vehicle classes 

(optional: pro~ram supplied is 3 and 10 respectively) 

d. Percent of left turning vehicles to be in the median lane (left lane) 

e. Percent of right turning vehicles to be in the curb lane (right lane) 

f. Percent of each driver class for each vehicle class 

(optional: program supplied for 3 driver cla8ses and 10 vehicle classes) 

g. Vehicle characteristics 

(optional: program supplied for 10 vehicle classes) 

1. Length of vehicle (ft) 

2. Vehicle operational factor 

a. (100 for sluggish vehicle 

b. =100 for average vehicle 

c. >100 for responsive vehicle 

3. Maximum uniform deceleration rate (ftlsec/sec) 

4. Maximum uniform acceleration rate (ftlsec/sec) 

5. Maximum velocity (ftlsec) 

6. Minimum turning radius (ft) 

h. Driver characteristics 

(optional: program supplied for 3 driver classes) 

1. Driver operational factor 

a. (100 for slow driver 

b. =100 for average driver 

c. >100 for aggressive driver 

2. Perception-reaction time (sec) 

i. Logout summary option for each vehicle class (YES/NO) 

j. Logout summary option for each driver class (YES/NO) 

5. Special driver-vehicle units 

a. Queue-in ti'lle ( sec) 

b. Driver class number 

c. Vehicle class number 

d. Desired speed (ftlsec) 

e. Desired outbound approach number 

(continued) 



88 

Table 4.1 (continued) 

L Inbound approach number 

g. Inbound lane number 

h. Logout summary option 

1. 0 for NO 

2. for YES 
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explanation of the input and its format is contained in hThe TEXAS Model for 

Intersection Traffic - User's Guide h (Ref 15). Extensive input error checking 

is performed by DVPRO to ensure that certain data are within defined bounds, 

that all necessary information is provided, and that some information is not 

duplicated. The driver-vehicle processor will print a message which describes 

the input error and stop. There are 62 input errors that are detected by 

DVPRO. A common input deck is used by GEOPRO and DVPRO since much of the 

information is the same. 

4.2.1 Input For Approaches 

In developing the input for DVPRO, as for GEOPRO, the user refers to a 

plan-view diagram of the intersection under study and determines which 

direction shall be referenced as zero degrees azimuth. The user then numbers 

each inbound approach (feeds traffic into the intersection) and each outbound 

approach (carries traffic away from the intersection). The approach numbers 

may be arbitrarily assigned but must be in the range from 1 to 12 and must not 

be duplicated. The recommended procedure is to start numbering the inbound 

approaches from the top of the diagram (zero degrees azimuth) and proceed 

sequentially in a counter-clockwise direction until all inbound approaches are 

numbered, ~nd then to sequentially number the outbound approaches in the same 

manner. A normal four-leg intersection will have four inbound and four 

outbound approaches. For the inbound approaches, the southbound approach will 

be number 1, the eastbound approach will be number 2, the northbound approach 

will be number 3, and the westbound approach will be number 4. For the 

outbound approaches, the northbound approach will be number 5, the westbound 

approach will be number 6, the southbound approach will be number 7, and the 

eastbound approach will be number 8. The user then determines the direction 

of traffic flow (azimuth) for each approach. 
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4.2.1.1 Input For Inbound Approaches 

In order to define the type of movement for paths between an inbound 

approach and an outbound approach when trying to bias the turning movements to 

specific lanes, the user must supply the number of degrees left or right of 

approach azimuth that is to be considered a straight-through movement (see 

Fig 3.1). The user must also select the headway distribution to be used for 

generating the approach headways and any parameter required for specifying the 

distribution. The available headway distributions are (1) constant, which 

requires no parameter, (2) Erlang, which requires the K parameter that is the 

integer value of the mean squared divided by the variance of the headways, 

(3) gamma, which requires the A parameter that is the mean squared divided by 

the variance of the headways, (4) lognormal, which requires the standard 

deviation of the headways, (5) negative exponential, which requires no 

parameter, (6) shifted negative exponential, which requires the TAU parameter 

that is the mean minus the standard deviation of the headways, and 

(7) uniform, which requires the standard deviation of the headways. The user 

must also supply the equivalent hourly volume of traffic, the mean and 85th 

percentile speed, and the percent of vehicles going to each outbound approach 

(the turning distribution). Optionally, the user may provide the percent of 

each vehicle class making up the traffic stream, but percentages shown in 

Table 4.2 are incorporated into DVPRO as program-supplied or default values to 

be used if this option is not exercised. 

4.2.1.2 Input For Inbound Lanes 

For each inbound lane, the user must specify where the lane is available 

and not available for traffic and the percent of the approach traffic volume 

which enters on the lane. DVPRO accommodates four lane types (see Fig 3.2): 

(1) the full length of the lane is available, (2) only the first part of the 

lane is available, (3) only the last part of the lane is available, and 

(4) the middle part of the lane is not available. The user must specify that 

zero percent of the approach traffic enters on lane type 3 as this lane type 

will be accessed only by a lane-change maneuver from the adjacent lane. 



TABLE 4.2. 

Length 

Operating Characteristic Factor 

Maximum Deceleration 

Maximum Acceleration 

Maximum Velocity 

Minimum Turning Radius 

Percentage Aggressive Drivers 

Percentage Average Drivers 

Percentage Slow Drivers 

Percentage in Traffic Stream 

Driver Class and Type 

Driver Characteristic 

Perception-Reaction Time 

DEFAULT DRIVER AND VEHICLE CHARACTERISTICS 

1 

Small 
Car 

15 

100 

16 

8 

150 

20 

30 

40 

30 

20 

2 

Medium 
Car 

17 

110 

16 

9 

192 

22 

35 

35 

30 

32 

Vehicle Class and Type 

3 4 5 6 

Large Sing1e-
Car 

19 

110 

16 

11 

200 

24 

20 

40 

40 

30 

1 

Vans, 
Mini-bus 

25 

100 

16 

8 

150 

28 

25 

50 

25 

15 

Aggressive 

110 

0.5 

unit 

30 

85 

12 

8 

160 

42 

40 

30 

30 

.5 

2 

Semi-
trailer 

50 

80 

12 

7 

160 

40 

50 

40 

10 

.2 

Average 

100 

1.0 

7 

Fu11-
trailer 

55 

75 

12 

6 

150 

45 

50 

40 

10 

.1 

8 

Recrea-
tiona1 

3 

25 

90 

12 

6 

150 

28 

20 

30 

50 

.2 

Slow 

85 

1.5 

9 

Bus 

35 

85 

12 

5 

125 

28 

25 

50 

25 

.5 

10 

Sports 
Car 

14 

p5 

16 

14 

205 

20 

50 

40 

10 

1.5 

'" I-' 
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4.2.2 Input For Driver-Vehicle Processor Options 

The number of minutes for generating traffic should be specified as the 

maximum expected start-up time plus simulation time to be used for the traffic 

simulation processor. DVPRO may generate vehicles for a longer time than is 

to be simulated with the only adverse effect being the relatively small amount 

of extra time and storage required for producing more driver-vehicle units. 

The minimum time between two driver-vehicle units in the same lane is 

specified in order to ensure that there will be some reasonable separation 

between driver-vehicle units on the same lane. 

The user may specify the number of driver and vehicle classes. DVPRO 

contains default characteristics for 3 driver classes and 10 vehicle classes, 

the percent of each vehicle class making up the approach traffic stream, and 

the percent of each driver class in each vehicle class (see Table 4.2). If 

the number of specified driver classes is different from the default value of 

3, then the user will also need to provide new values for the percent of each 

driver class in each vehicle class and new driver characteristics. The 

percent of each driver class in each vehicle class determines the type of 

driver that will be in each vehicle. The driver characteristics are (1) the 

driver operational factor (less than 100 for a slow driver, equal to 100 for 

an average driver, and greater than 100 for an aggressive driver) and (2) the 

perception-reaction time in seconds. 

If the user specifies the number of vehicle classes to be different from 

the default value of 10, then the user must provide new values for the percent 

of each vehicle class making up the traffic stream, the percent of each driver 

class in each vehicle class, and the vehicle characteristics. The percent of 

each vehicle class making up the traffic stream is input for each inbound 

approach. The percent of each driver class in each vehicle class determines 

the type of driver that will be in each vehicle. The vehicle characteristics 

are (1) the length of the vehicle in feet, (2) the vehicle operational factor 

(less than 100 for a sluggish vehicle, equal to 100 for an average vehicle, 

and greater than 100 for a responsive vehicle), (3) the maximum uniform 

deceleration rate in ftlseclsec, (4) the maximum uniform acceleration rate in 

ftlseclsec, (5) the maximum velocity in ftlsec, and (6) the minimum turning 

radius in feet. 



93 

The percent of left turning vehicles to enter the median lane (left lane) 

is used in biasing tQe driver-vehicle unit's inbound lane number. If the 

median lane (left lane) is available for entering traffic and there is more 

than one lane for traffic to enter the inbound approach, then DVPRO tries to 

make this percentage of the left turning driver-vehicle units enter the 

approach on the median lane (left lane). The percent of right turning 

vehicles to enter the curb lane (right lane) is also used in biasing the 

driver-vehicle unit's inbound lane number. If the curb lane (right lane) is 

available for entering traffic and there is more than one lane for traffic to 

enter the inbound approach, then DVPRO tries to make this percentage of the 

right turning driver-vehicle units enter the approach on the curb lane (right 

lane). 

4.2.3 Input For Special Driver-Vehicle Units 

To allow the study of special driver-vehicle units, such as police cars, 

fire trucks, ambulances, and buses on a fixed schedule, the user may specify 

special driver-vehicle units which will be inserted into the traffic stream. 

The attributes of the special driver-vehicle unit which must be specified are 

(1) the queue-in time in seconds into the traffic simulation, (2) the driver 

class number, (3) the vehicle class number, (4) the desired speed in ftlsec, 

(5) the desired outbound approach number, (6) the inbound approach number, 

(7) the inbound lane number, and (8) the log-out summary option (zero for no 

and 1 for yes). If the log-out summary option is yes then the driver-vehicle 

unit's individual statistics will be printed when the unit logs out of the 

system in the traffic simulation processor. 

4.3 Algorithms For Computation 

Most of the calculations in the driver-vehicle processor involve the 

generation of random varia tes of defined probability distribution functions. 

The probability distribution functions used by DVPRO describe the random 
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variabies involved in generating the traffic stream to be simulated by the 

simula~ion processor. The random variables are (1) the queue-in time, (2) the 

driver class number, (3) the vehicle class number, (4) the desired speed, 

(5) the desired outbound approach number, and (6) the inbound lane number. 

The inbound approach number is not a random variable for the driver-vehicle 

unit. For each inbound approach, the driver-vehicle processor generates the 

queue-in time for the driver-vehicle units and assigns the number of the 

inbound approach used when generating the queue-in time. The probability 

density functions used in computing the queue-in time are (1) Erlang, 

(2) gamma, (3) lognormal, (4) negative exponential, (5) shifted negative 

exponential, and (6) uniform. The probability distribution function used to 

define the driver class number, the vehicle class number, the desired outbound 

approach number, and the inbound lane number is the empirical discrete 

distribution (percentages of occurrence for a particular class). A normal 

probability distribution is used to define the desired speed of each vehicle. 

A short review of probability distributions is presented in the following 

section, for convenience. 

4.3.1 Review Of Probability Distributions 

From the viewpoint of probability theory, an experiment represents the 

act of observing a phenomenon the output of which is subject to chance 

(unknown) variation (Ref 21, pp 393-400). Such output is usually referred to 

as the outcome of the experiment. The number of these outcomes may be finite 

or infinite, depending on the nature of the experiment. A sample space 

defines the set of observations which includes all possible outcomes of the 

experiment. A sample space may be finite or infinite depending on whether the 

number of outcomes is finite or infinite, respectively. An event is a 

collection of outcomes from within the sample space. 

The probability of occurrence [usually written as f(x)] of an event X is 

a non-negative real number which, after a sufficiently large number of trials 

are observed, is taken as equal to the fraction of trials fol' which event X 

occurred. Mathematically, this means that if N is the total number of trials, 

of which there are M trials in which X was observed, then 
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f(X) = lim(MlN) as N .... +00 and 0 < f(X) < 1 (4.1) 

The outcomes of an experiment are said to be represented by a random 

variable if these outcomes are themselves numerical or if they have real 

numbers assigned to them. In a sense then, a random variable is a real-valued 

function which maps the sample space onto the real line. 

A probability distribution is a theoretical model of the relative 

frequencies of a finite number of observations of a variable (Ref 22, p 181). 

A function that assigns a probability to each of the elementary events of an 

experiment is called a probability density function [denoted f(X)]. The 

cumulative probability density function is defined as the sum of the 

probabilities of all values of the variate less than or equal to X [denoted 

F(X)]. A discrete probability density function is a point function that is 

defined over a finite sample space and takes on only a finite number of 

values. A continuous probability density function is a set function that 

expresses a distribution in which a probability is assigned to a given range 

of values (Ref 22, p 184). 

If X is a discrete random variable, then its probability density function 

must satisfy the following conditions (Ref 21, pp 393-400; Ref 22, 

pp 181-189; Ref 23, pp 34-35; and Ref 24, p 38) 

f(X) > 0.0 for all admissible values of X (4.2) 

L f(X) = 1.0 for all admissible values of X 

For a discrete random variable, the cumulative density function is as follows 

F(X) = L f(X) for all admissible values S X (4.4) 

The equations for the mean and variance of a discrete probability density 

function are 

mean = L X·f(X) for all admissible values of X 

variance = L X··2*f(X) - mean**'2 for all admissible 

values of X 

(4.5) 

(4.6) 
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For the cumulative density function, some important properties are 

lim( F(X» = lime 2: f(X» = 1.0 as X -+ +00 

lim(F(X)) = lim( 2: f(X» = 0.0 as X + 00 (4.8) 

F(X) is a monotone nondecreasing function of X (4.9) 

f(X) = dF(X)/dX (4.10) 

If X is a continuous random variable, then its probability density 

function must satisfy the following conditions (Ref 21, pp 393-400; Ref 22, 

pp 181-189; Ref 23, pp 34-35; and Ref 24, p 38) 

f(X) > 0.0 . 00 < X < +00 (4.11) 

r+ oo 
f(X) dX 

-00 = 1.0 (4.12) 

For a continuous random variable, the cumulative density function is as 

follows 

F(X) 
+00 

= J f( X) dX 
-- 00 

for admissible values of X (4.13) 

The mean and variance of a continuous probability density function are 

mean = J+oo X*f(X) dX 
-00 

(4.14) 

variance J+oo 
= X"·2 It f(X) dX -

-00 
mean**2 (4.15) 

For the cumulative density function, some important properties are 

lim(F(X)) = = 1.0 as X -+ +00 (4.16) 

lime F(X» = 
x 

lime J 00 f(X) dX) = 0.0 as X + -00 (4.17) 

F(X) is a monotone nondecreasing function of X (4.18) 
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f(X) = dF(X)/dX (4.19) 

The mode of a distribution is the most frequently occuring value and is 

thus the value of X corresponding to the maximum value for f(X). The median 

of a distribution is the middle value and is thus the value of X when F(X) is 

equal to 50 percent. The mean of a distribution is the expected value and 

thus the arithmetic mean of all values of f(X) . For symmetrical 

distributions, the mode, median, and mean all have the same value. For an 

asymmetrical distribution, the mode, median, and mean are not the same. 

4.3.2 Generation Of A Random Variate 

To demonstrate the methodology used in generating random variates of a 

particular probability density function, a simple example will be examined in 

detail. Assume that a continuous probability density function has the 

following equation 

for 0 < X < 2 

f(X) = (4.20) 

0.0 elsewhere 

First, this distribution must be tested to ensure that it is a probability 

distribution. This distribution satisfies Eq 4.11 because Eq 4.20 defines a 

non-negative value for f(X) for all values of X. This distribution satisfies 

Eq 4.12 because Eq 4.20 substituted into Eq 4.12 and evaluated gives 

0 2 +00 
f+oo f(X) dX = f o dX + f 0.5*X dX + f 0 dX (4.21) 

- (X) - (X) 0 2 

= 0.0 + (0.25*2**2 - 0.25 ir OH 2) + 0.0 

= 1.0 

From Eq 4.13 and Eq 4.20, the cumulative probability density function can be 

derived as follows 
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0 0 

{ J f(X) dX = J o dX = 0.0 for all X < 0 
- 00 -00 

F(X) = { (4.22) 
0 JX {Jx f(X) dX = J 
-00 f(X) dX + f(X) dX 

-00 0 
0 o dX JX 0.5 itX dX = J + 
- 00 0 

= 0.0 + (0.25-X itit2 o .25 it O**2) 

for 0 < X < 2 

Using Eq 4.14 and Eq 4.15, the mean and variance of this distribution are as 

follows 

mean = 
= 
= 
= 

variance 

J+oo Xitf(X) dX - 00 2 
0 +00 J J X-O dX + X'*0.5 itX dX + J XitO 

0 - 00 

0.0 + (0.167*2"3 -

1 .333 

+00 

= J Xfrit 2-f(X) dX - 00 

= 
o 

J X**2 it O dX + 
-00 

J+oo XH 2i1 0 dX 
2 

2 

0.167-0*"3) + 0.0 

mean**2 
2 

J X· il 2it O.5-X dX 
o 

meanitit2 

= 0.0 + (0.125'*2· it 4 - 0.125*0- it 4) + 

= 0.222 

(4.23) 

dX 

(4.24) 

+ 

0.0 1.333U 2 

This example continuous probability density function and its cumulative 

probability density function are illustrated in Fig 4.1. Solving Eq 4.22 for 

X between zero and 2 produces the following equation 

X = 2*SQRT(F(X)) (4.25) 

For a specific value of F(X), a value of the variate X can be calculated using 

Eq4.25. 

If 100 values of this example continuous probability density function are 

desired, Eq 4.25 can be used with values of F(X) starting at 0.005 and 

incrementing by 0.01 until F(X) reaches 0.995. This procedure generates 100 

values of X that are in ascending order and distributed according to the 

example continuous probability density function. The values of F(X) used to 

generate the values of X are a uniform distribution between 0.0 and 1.0. In 

order to generate 100 random values of the example continuous probability 
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density function, Eq 4.25 may be used with the values of F(X) being 100 random 

numbers uniformly distributed between 0.0 and 1.0. This procedure generates 

100 values of X that are in random order and distributed according to the 

example continuous probability density function. This procedure of generating 

random variates is called the inverse transform method and is described more 

thoroughly by Naylor (Ref 25). 

In adapting this procedure to the digital computer, the problem is how to 

generate random numbers. On most computer systems, there is a function 

subprogram which will return a pseudorandom number [denoted RANF(O)]. These 

functions will yield sequences of numbers which are (1) uniformly distributed, 

(2) statistically independent, (3) reproducible, and (4) nonrepeating for any 

desired length. These functions are capable of· generating random numbers at 

high rates of speed yet require a minimum amount .of computer memory capacity. 

4.3.3 Generation Of Queue-In Time 

Queue-in time is the real time into the traffic simulation at which a 

particular driver-vehicle unit should enter the end of an inbound approach and 

lane. The queue-in time is also the summation of the headways of the previous 

driver-vehicle units that have entered a specific inbound approach. The 

driver-vehicle processor thus generates the approach headways and sums them to 

define the queue-in time for a specific driver-vehicle unit. The approach 

headways are generated as random variates of one of the following 

distributions: (1) Erlang, (2) gamma, (3) lognormal, (4) negative 

exponential, (5) shifted negative exponential, and (6) uniform. Also 

available is the option of constant headways. In each of the distributions, 

the mean headway is calculated from the flow for the approach. The other 

parameter for some of the distributions is a dispersion factor (a function of 

the standard deviation) which generally describes the randomness of the flow. 
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4.3.3.1 Generation Of Erlang Random Variates 

For Poisson-distributed arrivals, the Erlarig probability distribution can 

be used to represent the waiting time T until the Kth arrival (Ref 21, p 405; 

Ref 22, pp 251-254; Ref 23, pp 358-362; Ref 24, pp 78-80; Ref 25, pp 87-89; 

Ref 26, p 299; and Ref 27, pp 17-19 and 27-28). The Erlang distribution is 

thus the sum of K negative exponential variates with an identical expected 

value of 1/ALPHA. The Erlang distribution can be used to represent the 

distribution of time between vehicle arrivals if the arrivals are not randomly 

distributed. 

The Erlang probability distribution is a gamma probability distribution 

with an integer value for A. Th~ Erlang probability density function is 

(ALPHA**K)~(T*~(K-1))/FACT(K-1)*EXP(-ALPHA*T) 

f(t) = 
for T > 0, ALPHA> 0, and K > a 

(4.26) 

0.0 elsewhere 

where FACT(K-1) represents (K-1) factorial. The value of K may be a rough 

indication of the degree of nonrandomness. When K is equal to 1, the arrivals 

appear to be random, and, as K increases, the degree of nonrandomness appears 

to increase. If K is equal to 1, then the Erlang probability distribution is 

identical to the negative exponential probability distribution. The Erlang 

distribution is positively skewed for small values of K and as K increases, 

the Erlang distribution approaches a normal distribution asymptotically. 

The cumulative density function for the Erlang distribution does not 

exist explicitly. The equations for the mean and variance for the Erlang 

distribution are as follows 

mean = K/ALPHA (4.27) 

variance = K/ALPHA**2 (4.28) 

When solving these equations for ALPHA and K, the equations are 

ALPHA = mean/variance (4.29) 
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K = mean*~2/variance (integer value) (4.30) 

If K and the mean of the Erlang distribution are known, then Eq 4.27 can be 

solved for ALPHA, yielding 

ALPHA = K/mean (4.31) 

Figure 4.2 illustrates the Erlang probability density function and the 

cumulative probability density function for various values of K with ALPHA 

equal to 1, while F'ig 4.3 is for various values of ALPHA with K equal to 2. 

Since the cumulative density function for an Erlang probabili ty 

distribution cannot be formulated explicitly, Erlang variates can be generated 

simply by reproducing the random process on which the Erlang distribution is 

based. This can be accomplished by taking the sum of K negative exponential 

variates with identical means of 1/ALPHA. Therefore, the Erlang variate T can 

be expressed as 

K 
T = -1/ALPHAtr L: ALOG(random-number) 

1 

An alternate form of this equation is 

K 
T = -1/ALPHAIrrALOG( IT random-number) 

1 

(4.32) 

(4.33) 

where IT indicates the product of K random numbers. If Eq 4.32 is used then 

the natural log of K random numbers has to be computed (which involves a 

series expansion on most computer systems) for each random variate desired, 

whereas if Eq 4.33 is used then the natural log of the product of K random 

numbers has to be calculated once for each random variate desired. For values 

of K greater than 1, Eq 4.33 is superior to Eq 4.32, and, for a value of K 

equal to 1, the equations are equal when considering computational efficiency. 

The FORTRAN statements necessary to generate a single Erlang variate T, given 

a mean headway TMEAN and the parameter K, are as follows 
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SUBROUTINE ERLANG ( TMEAN,K,T ) 

ALPHA = K/TMEAN 

TR = 1.0 

DO 1010 I = 1 , K 

TR = TRfrRANF(O) 

o 1010 CONTINUE 

T = -ALOG(TR)/ALPHA 

RETURN 

END 

4.3.3.2 Generation Of Gamma Random Variates 
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The gamma probability distribution is a more general form of the Erlang 

probability distribution (Ref 21, p 405; Ref 22, pp 251-254; Ref 23, 

pp 358-362; Ref 24, pp 78-80; Ref 25, pp 87-89; Ref 27, pp 27-28; and 

Ref 28, pp 824-825). The gamma distribution allows for non-integer values of 

K. The gamma distribution can be used to represent the distribution of time 

between vehicle arrivals if the arrivals are not randomly distributed. 

The gamma probability density function is 

(ALPHA*·A)*(T**(A-1))/GAMMAF(A)*EXP(-ALPHA*T) 

f(T) = { 
for T > 0, ALPHA> 0, and A > 0 

(4.34) 

{ 0.0 elsewhere 

The term GAMMAF(A) represents the gamma function for A and is mathematically 

expressed as 

+00 
GAMMAF(A) = f (XU(A-1) )*EXP(-X) dX 

o 

A use ful re lationship is 

GAMMAF(A) = (A-1 )*GAMMAF(A-1) 

for A > 0 (4.35) 

for A > 0 (4.36) 
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and when A is a positive integer K 

GAMMAF(K) :: FACT(K-1) for K > 0 (4.37) 

where FACT(K-1) is (K-1) factorial. The gamma function used by DVPRO and 

DISFIT is described by Gautschi (Ref 29). 

The value of A may be a rough indication of the degree of nonrandomness. 

When A is equal to 1, the arrivals appear to be random, and, as A increases, 

the degree of nonrandomness appears to increase. If A is equal to one, then 

the gamma probability distribution is identical to the negative exponential 

probability distribution. If A is a positive integer, then the gamma 

distribution is identical to the Erlang distribution with K equal to A. The 

gamma distribution is positively skewed for small values of A and, as A 

increases, the gamma distribution approaches a normal distribution 

asymptotically. If the gamma probability distribution has a value of ALPHA 

equal to 1/2 and a value of A equal to DF/2, then this distribution is called 

the chi-squared distribution, for which DF is the number of degrees of 

freedom. 

The cumulative density function for the gamma distribution does not exist 

explicitly. The equations for the mean and variance for the gamma 

distribution are as follows 

mean :: A/ALPHA (4.38) 

variance :: A/ALPHA**2 (4.39) 

When solving these equations for ALPHA and A, the following equations are 

developed 

ALPHA :: mean/variance (4.40) 

A = meantt2/variance (4.41) 

If A and the mean of the gamma distribution are known, then Eq 4.38 can be 

solved for ALPHA, yielding 
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ALPHA = A/mean (4.42) 

Figure 4.4 illustrates the gamma probability density function and the 

cumulative probability density function for various values of A with ALPHA 

equal to 1, while Fig 4.5 is for various values of ALPHA with A equal to 2.5. 

Since the cumulative density function for a gamma probability 

distribution cannot be formulated explicitly, gamma variates may be generated 

by reproducing the random process on which the gamma distribution is based. 

Since A is a real number, it can be expressed as the sum of an integer and a 

fraction such that 

A = K1 + 0 o < 0 < 1 (4.43) 

Furthermore, if 

K2 = K 1 + (4.44) 

then 

K2 A = o (4.45) 

Since the mean and the variance of the gamma distribution are both linear 

functions of A, then a mixture of Erlang variates choosing K2 with probability 

o and K1 with probability 1-0 will approximate a gamma distribution with 

parameter A. This approximation yields better results with higher values of 

A. If A is equal to an integer, then by Eq 4.43 K1 will be equal to A, and 

Eq 4.45 will give a value of 1-0 as 1. Thus, this procedure would choose K2 

with probability 0 of zero (never) and would choose K1 (equal to A) with 

probability 1-0 of one (always). Therefore, a gamma random variate with A 

equal to an integer would be identical to an Erlang random variate with K 

equal to A. 

The Erlang variates are generated by taking the sum of K1 or K2 

exponential variates with identical mean of 1/ALPHA. Therefore, the gamma 

variate T can be expressed as 

Kl or K2 

T = -1/ALPHA*~ ALOG(random-number) (4.46) 
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An alternate form of this equation is 

K1orK2 

T = -1/ALPHA*ALOG(~ random-number) (4.47) 

where IT indicates the product of K 1 or K2 random numbers. If Eq 4.46 is used 

then the natural log of K1 or K2 random numbers has to be computed (which 

involves a series expansion on most computer systems) for each random variate 

desired, whereas if Eq 4.47 is used, then the natural log of the product of K1 

or K2 random numbers would has be evaluated once for each random variate 

desired. For values of K1 or K2 greater than 1, Eq 4.47 is superior to 

Eq 4.46, and, for a value of K1 or K2 equal to 1, the equations would be equal 

when considering computational efficiency. 

The FORTRAN statements necessary to generate a single gamma variate T, 

given a mean headway TMEAN and the parameter A, are as follows 

SUBROUTINE GAMMA (TMEAN,A,T) 

ALPHA = A/TMEAN 

K1 = A 

K2 = A + 1.0 

Q = A - K1 

TR = 1.0 

K = K2 

IF 

DO 1010 I = 1 , K 

TR = TR*RANF(O) 

1010 CONTINUE 

T = -ALOG(TR)/ALPHA 

RETURN 

END 

RANF (0) . GT . Q ) K = K1 
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4.3.3.3 Generation Of Lognormal Random Variates 

If the logarithm of a random variable has a normal distribution, then the 

random variable has a positively skewed continuous distribution known as the 

lognormal distribution (Ref 24, pp 76-78; Ref 25, pp 99-101; and Ref 27, 

pp 28-30 and pp 205-206). The lognormal distribution is frequently used to 

describe random processes that represent the product of several small 

independent events. The lognormal probability density function is 

and 

1/(T*SOY~SQRT(2*PI))·EXP(-0.5*«ALOG(T)-MEANY)/SOY)**2) 

for T > 0 and SOY > 0 

f( T) = { (4.48) 

{ 0.0 elsewhere 

{ 1/(SOY*SQRT(2*PI))*EXP(-0.5*«Y-MEANY)/SOY)**2) 

{ for Y > 0 and SOY > 0 

f(Y) = (4.49) 

0.0 elsewhere 

where Y is equal to ALOG(T) and only positive values of T are considered. The 

term SOY is the standard deviation of the variate Y and the term MEANY is the 

mean of the variate Y. It should be noted that if the lognormal probability 

density function is to be integrated using the variate T, then Eq 4.48 should 

be used; whereas, if the function is to be integrated using the variate Y 

(equal to the natural log of T) , then Eq 4.49 should be used. If the 

parameters of the lognormal distribution have values of mean of Y equal to 

zero and the standard deviation of Y equal to one, then the distribution 

function is known as the standard lognormal distribution with a probability 

density function denoted by 

1/SQRT(2-PI)*EXP(-0.5*Z**2) for Z > 0 

f( Z) = (4.50) 

0.0 elsewhere 
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Any value of T or Y can be converted into the standard form by the 

substitution 

Z = (Y-MEANY)/SDY or Z = (ALOG(T)-MEANY)/SDY (4.51) 

The cumulative density function F(T), F(Y), or F(Z) does not exist in explicit 

form. The equations for the mean and the variance for the lognormal 

distribution are as follows 

mean = EXP(MEANY + O.5*SDY**2) (4.52) 

variance = (mean**2)*(EXP(SDY**2)-1) (4.53) 

When solving these equations for MEANY and SDY, the following equations are 

developed 

MEANY = ALOG(mean) o .5*SDY**2 (4.54) 

SDY = SQRT(ALOG«variance/mean**2)+1)) (4.55) 

Figure 4.6 illustrates the lognormal probability density function and the 

cumulative probability density function for various values of the mean with 

the variance equal to 1, while Fig 4.7 is for various values of the variance 

with the mean equal to 2. It should be noted in this latter figure that each 

of the distributions has a different value for the mode and the median, even 

though the mean is the same. This explains why the distributions do not pass 

through a common point on the curve showing the cumulative probability density 

function. 

Since the cumulative density function for a lognormal probability 

distribution does not exist explicitly, lognormal variates are generated by 

the techniques used to generate normal variates (see Section 4.3.6.2). For 

the lognormal probability distribution, the lognormal random variate T ie as 

follows 

K 

T = EXP(MEANY+(SDY*(K/12)**-O.5*« I random-number)-O.5*K)))(4.56) 
1 
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If a value of K equal to 12 is used in this equation, a simplified equation 

for the lognormal random variate is as follows 

1 2 
T = EXP(MEANY+SDY*«L random-number)-6.0)) 

1 
(4.57) 

The FORTRAN statements necessary to generate a single lognormal variate T, 

given a mean headway TMEAN and the standard deviation of the headways SD, are 

as follows 

SUBROUTINE LGNRML ( TMEAN,SD,T ) 

YVAR = ALOG«(SD**2)/(TMEAN**2))+1.0) 

YMEAN = ALOG(TMEAN) - 0.5*YVAR 

SUM = 0.0 

DO 1010 I = 1 , 12 

SUM = SUM + RANF( 0) 

1010 CONTINUE 

T = EXP(YMEAN+SQRT(YVAR)*(SUM-6.0)) 

RETURN 

END 

4.3.3.4 Generation Of Negative Exponential Random Variates 

To better understand the negative exponential probabili ty 

the Poisson distribution should be investigated (Ref' 21, pp 

pp 201-229 and pp 229-234; Ref 23, pp 352-357; Ref 24, 

distribution, 

402-405 Ref 22, 

pp 79-80 and 

pp 91-94; Ref 25, pp 81-86; Ref 26, p 298 and p 301; and Ref 27, pp 17-19, 

pp 21-23, and pp 204-205). Suppose that one is concerned with the occurrence 

of a certain kind of event and that the probability that it occurs during a 

very small interval of time dT is given by 1/TBAR*dT. Assume further that the 

probability of its occurrence more than once during an interval of length dT 

approaches zero as dT approaches zero and is of a smaller order of magnitude 

than dr/TEAR; that the occurrence or nonoccurrence of the event during the 

interval from T to T+dT does not depend on what happened prior to time T; and 

that 1/TBAR is a constant and independent of T and all other factors. The 
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probability distribution of the number of occurrences of the event during a 

time interval of length ~ is given by 

(T/TBAR)-*N/FACT(N)-EXP(-T/TBAR) 

{ 

f(N) = { 
0.0 

for N ~ 0, T > 0, and TBAR > 0 

(4.58) 

elsewhere 

where FACT(N) is N factorial. This is the Poisson distribution with mean 

1/TBAR. It follows that 1/TBAR is the mean number of occurrences of the event 

per unit of time. A random process satisfying the assumptions described is 

called a Poisson proce~s with parameter 1/TBAR. If the event is the arrival 

of a vehicle, then the poisson distribution describes the number of arrivals 

per unit time. 

If there is no vehicle arrival in a particular interval of time T then 

there will be a headway of at least T seconds between the previous arrival and 

the next arrival. Mathematically, this is expressed as 

f(O) = (T/TEAR)*-O/FACT(O)*EXP(-T/TBAR) (4.59) 

= EXP(-TlTEAR) for T ~ 0 and TEAR > 0 

This is the probability of a headway being equal to or greater than T seconds, 

which is equal to 1-F(T). Thus, the probability of a headway being less than 

T seconds would be expressed as 

1 - EXP(-TlTBAR) for T ~ 0 and TBAR > 0 

F(T) = { (4.60) 

{ 0.0 elsewhere 

This is the negative exponential cumulative density function. It expresses 

the time between two successive vehicle arrivals. Therefore, if the arrival 

of vehicles can be said to be Poisson distributed, then the headways 

associated with such an arrival distribution are distributed according to the 

negative exponential probability distribution. Using Eq 4.60, the negative 

exponential probability density function can be derived as follows 
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{ 1/TBAR·EXP(-T/TBAR) for T > 0 and TBAR > 0 

f(T) = { (4.61) 

{ 0.0 elsewhere 

The equations for the mean and the variance for the negative exponential 

distribution are as follows 

:!lean = TBAR (4.62) 

variance = TBAR**2 (4.63) 

Thus, from Eq 4.62, the parameter TBAR may be found. Figure 4.8 illustrates 

the negative exponential probability density function and the cumulative 

probability density function for various values of the mean. It should be 

noted from this figure that the probability of occurrence of small headways is 

very high. Because of the assumption that the arrival of a vehicle is not 

dependent upon the arrival or nonarrival of a previous vehicle (or the number 

of vehicles arriving in any interval of time is independent of the number of 

vehicles that arrived during any previous time interval), the negative 

exponential distribution is valid for uninterrupted flow rates of 500 vehicles 

per lane per hour or less (Ref 26, pp 298). 

Solving Eq 4.60 for the random variate T, the following equation is 

defined 

T = -TBAR*ALOG(1-F(T)) (4.64) 

Assuming R is a random number, then 1-R is also a random number. Therefore, 

when a negative exponential random variate is being generated, a random number 

may replace the term 1-F(T) in Eq 4.64. The FORTRAN statements necessary to 

generate a single negative exponential random variate T, given a mean headway 

TMEAN, are as follows 

SUBROUTINE NEGEXP ( TMEAN,T 

T = -TMEAN*ALOG(RANF(O)) 

RETURN 

END 
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4.3.3.5 Generation Of Shifted Negative Exponential Random Variates 

Because the negative exponential distribution has a high probability of 

occurrence of small headways, the shifted negative exponential distribution 

was developed which guarantees a zero probability for small headways up to a 

minimum allowable headway, TAU (Ref 23, pp 356-357; Ref 26, p 299 and 

pp 301-302; and Ref 27, pp 23-26 and p 205). The occurrence of a large 

number of zero to 1, or more, second headways is theoretically expected, 

whereas in practice, the occurrence is virtually impossible if the headways 

are for a single lane, since vehicles require front bumper to front bumper 

spacing at least equal to one car length. 

The shifted negative exponential probability density function is 

1/(TBAR-TAU)*EXP(-(T-TAU)/(TBAR-TAU» 

f(T) = 
0.0 

for T ~ TAU, TBAR > TAU, and TAU> 0 

(4.65) 

elsewhere 

If TAU is equal to zero, then the shifted negative exponential distribution is 

equal to the negative exponential distribution. The cumulative density 

function for the shifted negative exponential distribution is as follows 

1 - EXP(-(T-TAU)/(TBAR-TAU» 

F(T) = 
0.0 

for T ~ TAU, TBAR > TAU, and TAU ~ 0 

(4.66) 

elsewhere 

The equations for the mean and variance for the shifted negative exponential 

distribution are 

mean = TBAR (4.67) 

variance = (TBAR-TAU)**2 (4.68) 

When these equations are solved for TBAR and TAU, the equations are 
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TBAR = mean (4.69) 

TAU = mean - SQRT(variance) (4.70) 

Figure 4.9 illustrates the shifted negative exponential probability density 

function and the cumulative probability density function for various values of 

the mean with TAU equal to 1 while Fig 4.10 is for various values of TAU with 

the mean equal to 3. It should be noted in this latter figure that each of 

the distributions has a different value for the mode and the median, even 

though the mean is the same. 

When Eq 4.66 is solved for the random variate T, the following equation 

is defined 

T = TAU - (TBAR-TAU)-ALOG(1-F(T)) (4.71) 

If R is assumed to be a random number, then 1-R is also a random number. 

Therefore, when a shifted negative exponential random variate is being 

generated, a random number may replace the term 1-F(T) in Eq 4.71. The 

FORTRAN statements necessary to generate a single shifted negative exponential 

random variate T, given a mean headway TMEAN and the parameter TAU, assuming 

TMEAN is greater than TAU, are as follows 

SUBROUTINE SNGEXP ( TMEAN,TAU,T ) 

T = TAU - (TMEAN-TAU)*ALOG(RANF(O)) 

RETURN 

END 

4.3.3.6 Generation Of Uniform Random Variates 

Perhaps the simplest continuous probability distribution is the uniform 

distribution (Ref 22, pp 27-229; Ref 24, p 76 and pp 79-80; and Ref 25, 

pp 77-80). The uniform probability density function is 
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{ 1/(B-A) A ~ T $ Band B > A 

f(T) = { (4.72) 

{ 0.0 elsewhere 

The cumulative density function for the uniform distribution is as follows 

{ (T-A)/(B-A) A ~ T ~ Band B > A 

F(T) = { (4.73) 

{ 0.0 elsewhere 

The equation for the mean and variance for the uniform distribution are 

mean = (A+B)/2 (4.74) 

variance = ((B-A)**2)/12 (4.75) 

When these equations are solved for A and B, the following equations are 

developed 

A = mean - SQRT(3*variance) (4.76) 

B = mean + SQRT(3*variance) (4.77) 

Figure 4.11 illustrates the uniform probability density function and the 

cumulative probability density function for various values of mean with the 

variance equal to 0.25 while Fig 4.12 is for various values of variance with 

the mean equal to 4. 

When solving Eq 4.73 for the random variate T, the equation is 

T = A + (B-A)*F(T) (4.78) 

The FORTRAN statements necessary to generate a single uniform random 

variate T, given a mean headway TMEAN and the standard deviation SD, are as 

follows 
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SUBROUTINE UNIFRM ( TMEAN,SD,T 

A = TMEAN - SD*SQRT(3.0) 

B = TMEAN + SD*SQRT(3.0) 

T = A + (B-A)~RANF(O) 

RETURN 

END 

4.3.4 Generation Of Driver Class Number -

The driver class number for a driver-vehicle unit is generated using the 

empirical discrete probability distribution. The percentage of each driver 

class is bcsed on the generated vehicle class number and the percent of each 

driver class in the specified vehicle class (denoted XPERD in DVPRO). The 

driver class number ranges between 1 and the number of driver classes. 

4.3.4.1 Generation Of Empirical Discrete Random Variates 

Empirical data are collected or estimated and f(I) is determined (see 

Section 4.3.1) for each admissible value of I, where I goes from 1 to the 

number of discrete classes (Ref 22, pp 181-184; Ref 24, P 7; and Ref 25, 

p 102 and pp 115-116) . In the driver-vehicle processor, it is assumed that 

the sum of the f(I) for all admissible values of I is equal to 100, whereas 

the sum should be 1.0. The empirical discrete probability density function is 

f(I) = 100~lim(M(I)/N) 

= 100*P(I) 

as N -+ +00 and 1 .:S. I .:S. NUM (4.79) 

where f(I) is in the range from 0.0 to 100.0, M(I) is the number of successful 

outcomes of the event associated with the Ith discrete class, N is the total 

number of trials [the sum of all M(I)], NUM is the number of discrete classes, 

and P(I) is the probability of occurrence of the Ith event. The cumulative 

density function for the empirical discrete distribution is as follows 
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J 
F(J) = L 100*P(I) (4.80) 

1",,1 

where F(J) is in the range from 0.0 to 100.0. The equations for the mean and 

variance of the empirical discrete probability distribution are 

mean = N~HI*f(I) 
1=1 

variance = Nr I"'2*f( I) 
1=1 

(4.81) 

mean*tt2 (4.82) 

Figure 4.13 illustrates an example empirical discrete probability density 

function and the cumulative probability density function. It is apparent from 

this figure that the cumulative form of the empirical discrete probability 

density function is a step function. 

The cumulative empirical discrete probability density function can not be 

solved for the random variate J, but a random number can be generated and 

multiplied by 100 (so that the range of the random number goes from 0.0 to 

100.0) and the f(I) can be summed until it is greater than or equal to the 

scaled random number. The discrete class number in which this event occurs is 

the value of the empirical discrete random variate J. The FORTRAN statements 

necessary to generate a single empirical discrete random deviate J, given the 

array of f(I) (denoted XPER) and the number of discrete classes NUM, are as 

follows 

SUBROUTINE DISCRT ( XPER,NUM,J 

DIMENSION XPER(NUM) 

RANNUM = 100.0*RANF(0) 

SUM = 0.0 

DO 1010 J = 1 , NUM 

SUM = SUM + XPER(J) 

1010 CONTINUE 

J = NUM 

RETURN 

END 

IF ( SUM . GE . RANNUM ) RETURN 
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4.3.5 Generation Of Vehicle Class Number 

The vehicle class number for a driver-vehicle unit is generated using the 

empirical discrete distribution. The percentage of each vehicle class is 

different for each inbound approach (denoted XPERV in DVPRO). The vehicle 

class number ranges from 1 to the number of vehicle classes. Section 4.3.4.1 

describes the technique used to generate empirical discrete random variates. 

4.3.6 Generation Of Desired Speed 

The desired speed for a driver-vehicle unit is generated using the normal 

probability distribution. The user supplies the mean and 85th percentile 

speed for each approach. The Z value associated with the probability of 85 

percent of the vehicles having a speed less than or equal to Z (F(Z) = 0.85) 

is equal to approximately 1.0364334. Using an equation similar to Eq 4.51 for 

converting a normal variate to a standard normal variate, the following 

equation is developed 

SD = (V85-V50)/1.0364334 for V85 > V50 (4.83) 

where SD is the standard deviation, V85 is the 85th percentile speed, and V50 

is the mean speed. 

The generated desired speed is rejected if it is less than the 

driver-vehicle operational factor times the mean minus the standard deviation 

or if it is greater than the driver-vehicle operational factor times the mean 

plus the standard deviation. This rejection continues until an acceptable 

random desired speed is found. This procedure is performed to ensure than an 

aggressive driver in a responsive vehicle will have higher desired speeds than 

a slow driver in a sluggish vehicle. 
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4.3.6.1 Review Of The Normal Probability Distribution 

The normal probability distribution is perhaps the best known and the 

most important of all the probability distributions (Ref 21, pp 403-404; 

Ref 22, pp 234-251 and pp 285-296; Ref 23, pp46-51 ; Ref 24, pp 70-72 and 

p 79; Ref 25, pp 90-95; Ref 27, pp 37-38; Ref 28, pp 822-824; and Ref 30, 

pp 130-147, pp 158-181, and pp 230-257) . The normal distribution is also 

referred to as the Gaussian and the Lapacian distribution. The normal 

distribution is significant because it provides close approximation for a 

number of other distributions. The normal probability distribution is the 

limit of the binomial probability distribution as the number of trials 

increases without limit and regardless of the values of the probability of a 

success. The normal probability distribution is also the limit of the Poisson 

probability distribution as the expected number of successes increases without 

limit. As the number of successes becomes very large, the Pascal distribution 

of the required number of trials for obtaining a success approaches a normal 

distribution. The normal distribution is also the limit of the Student's T 

distribution as the size of the sample increases and the limit of the 

chi-squared distribution as the number of degrees of freedom increases above 

approximately 30. In fact, any continuous distribution may be converted into 

a normal distribution by proper transformation (Ref 22, p 250). 

The normal distribution derives its usefulness from the Central Limit 

Theorem. This theorem states that the probability distribution of the sum of 

N independently and identically distributed random variates approaches the 

normal distribution asymptotically as N becomes very large. It is significant 

that this is true whatever the nature of the probability distribution, unless 

it has an infinite mean or standard deviation. Thus, the Central Limit 

Theorem permits the use of a normal distribution to represent overall 

measurements on effects of independently distributed additive causes 

regardless of the probability distribution of the measurement of individual 

causes. If a universe is normal then the distribution of sample means is 

normal even if the sample size is small. The arithmetic mean of the 

distriDution of sample means is the arithmetic mean of the population. 

Another theorem about the normal distribution states that for certain 

specified conditions, the normal limit extends to the sums of independent 

random variables for which the probability distributions are not alike. 
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4.3.6.2 Generation Of Normal Random Variates 

The normal probability distribution is a continuous distribution neither 

peaked nor flat (mesokurtic) that has an infinite range (references same as 

for Section 4.3.6.1). The normal probability density function is 

{1/(SD*SQRT(2*PI))*EXP(-0.5*«X-MEAN)/SD)**2) 

for SD > 0 and -00 < X < +00 

f(X) = (4.84) 

0.0 elsewhere 

where SD is the standard deviation and MEAN is the mean. If the parameters of 

the normal distribution have values of MEAN equal to zero and SD equal to 1, 

then the distribution function is known as the standard normal distribution 

with a probability density function denoted by 

feZ) = 1/SQRT(2*PI)*EXP(-0.5*Z*"2) for '-00 < Z < +00 (4.85) 

Any value of X can be converted into the standard form by the following 

substitution 

Z = (X-MEAN)/SD for SD > 0 (4.86) 

The cumulative density function F(X) or F(Z) does not exist in explicit form. 

The mean of the normal distribution is I-1EAN while the variance is SD squared. 

Figure 4.14 illustrates the normal probability density function for various 

values of the mean with the variance equal to one, while Fig 4.15 is for 

various values of the variance with the mean equal to zero. 

Since the cumulative density function for a normal probability 

distribution does not exist explicitly, normal variates are generated by a 

method different from the inverse transform method. In order to simulate a 

normal distribution with a given expected value MEAN and a given standard 

deviation SD, the following mathematical interpretation of the Central Li~it 

Theorem may be given. If R( 1), R(2), R(3) ... , and R(N) are independent 

random variables each having the same probability distribution with the 

expected value of R(I) equal to PHI and the variance of R(I) equal to SIGMA 
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squared, then 

N 
lim(P(A < ( r R(I) - NWPHI)/(SIGMA*SQRT(N)) < B)) = (4.87) 

1=1 
1/(SQRT(2"PI))* f! EXP(-0.5*Z**2) dZ as N -+ +00 

where the expected value of the sum of N random variables would be equal to N 

times PHI, the variance of the sum of N random variables would be equal to N 

times SD squared, and the variable Z would be 

N 
Z = (r R(I) 

I-I 
N"PHI)/(SD*SQRT(N)) (4.88) 

The procedure for simulating normal variates on a digital computer involves 

taking the sum of K uniformly distributed random variables R(1), R(2), 

R(3) ... , R(K), where R(I) is defined over the interval 0.0 < R(I) < 1.0. Then 

applying the notation of the mathematical statement of the Central Limit 

Theorem and knowledge of the uniform distribution (PHI will have a value of 

0.5 and SD will have a value of 1/SQRT(12), and the variable Z would be 

K 
Z = (r R(I) K/2)/SQRT(K/12) (4.89) 

1=1 

Setting Eq 4.86 equal to Eq 4.89 and solving for the normal random variate X 

gives 

x = MEAN 
K 

+ SD*SQRT(12/K)-( r R(I) 
1 .. 1 

K/2) (4.90) 

The value of K to be used in this equation is determined by balancing 

computational efficiency against accuracy. There is some computational 

advantage to choosing a value of K equal to 12. This value of K would 

truncate the distribution at the +6*SD limits and has been found to be 

unreliable for values of X larger than three standard deviations. 

value of K equal to 12, Eq 4.90 reduces to 

1 2 
X = MEAN + SD*( r R(I) 

I::&t 
6) 

Using a 

(4.91) 
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The FORTRAN statements necessary to generate a single normal random 

variate V, given the mean speed VMEAN and the 85th percentive speed V85, are 

as follows 

SUBROUTINE NORMAL ( VMEAN,V85,V 

SO = (V85-VMEAN)/1.0364334 

SUM = 0.0 

DO 1010 I = 1 , 12 

SUM = SUM + RANF(O) 

1010 CONTINUE 

V = VMEAN + SD*(SUM-6.0) 

RETURN 

END 

4.3.7 Generation Of Desired Outbound Approach Number 

The desired outbound approach number for a driver-vehicle unit is 

generated using the empirical discrete probability distribution. The 

percentage of vehicles going to each outbound approach is based on the user 

supplied percentages for each inbound approach (denoted XPERT in DVPRO). The 

desired outbound approach number ranges between 1 and the number of outbound 

approaches after initial generation and is then mapped into the list of 

outbound approach numbers, where it will have a range between and 12. 

Section 4.3.4.1 describes the techniques used to generate empirical discrete 

random variates. 

4.3.8 Generation Of Inbound Lane Number 

The inbound lane number for a driver-vehicle unit is generated using the 

empirical discrete probability distribution. The user supplies the percent of 

approach traffic that enters upon each lane for each inbound approach (denoted 

XPERL in DVPRO). 
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A unique method of biasing the inbound 

expected turn type of the driver-vehicle 

lane number according to the 

unit was developed. First, the 

percent of vehicles going from each inbound approach to each outbound approach 

(denoted XPERT in DVPRO) is summed by the three turn types (U-turn and left 

turn, straight-through movement, and right turn) (denoted XPERTS in DVPRO). 

Then the percent of U-turn and left turning driver-vehicle units (denoted 

XPERLO in DVPRO) is maximized for the median lane (left lane) according to the 

percent of U-turn and left turning driver-vehicle units to be in the median 

lane (left lane), ensuring that the percent of driver-vehicle units entering 

by the median lane (left lane) is not exceeded. Any remaining percent of 

U-turn and left turning driver-vehicle units is distributed to the remaining 

lanes for the inbound approach going from left to right and ensuring that the 

percent of driver-vehicle units entering by the lane is not exceeded. Next, 

the percent of right turning vehicles is maximized for the curb lane (right 

lane), ensuring that the percent of driver-vehicle units entering by the curb 

lane (right lane) is not exceeded. Any remaining percent of right turning 

driver-vehicle units is distributed to the remaining lanes for the inbound 

approach going from right to left and ensuring that the percent of 

driver-vehicle units entering by the lane is not exceeded. Finally, the 

percent of straight-through driver-vehicle units is allocated to the lanes to 

make the percent of driver-vehicle units entering the lane correct. If there 

is only one inbound lane available for entering traffic for an inbound 

approach, then the percent of U-turn and left turning driver-vehicle units 

will be 100 and the percent of right turning driver-vehicle units will also be 

100. 

After the desired outbound approach number is generated, the turning 

movement type is determined for the driver-vehicle unit. Then the inbound 

lane number is generated based on the inbound approach number and the turning 

movement type, using the XPERLO percentages. Table 4.3 illustrates the 

inbound lane biasing technique. 

Section 4.3.4.1 describes the techniques used to generate empirical 

discrete random variates. 
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TABLE 4.3. INBOUND LANE BIASING TECHNIQUE 

Lane Lane Lane Total 
1 2 3 (XPERTS) 

U-turn and 
left turn 8 2 0 10 

S traigh t 22 36 22 80 

Righ t turn 0 2 8 10 

Total 
(XPERL) 30 40 30 100 

Lane Lane Lane Total 
1 2 3 (XPERTS) 

U-turn and 
left turn 30 10 0 40 

Straight 0 30 20 50 

Right turn 0 0 10 10 

Total 
(XPERL) 30 40 30 100 

Lane Lane Lane Lane Total 
1 2 3 4 (XPERTS) 

U-turn and 
left turn 0 20 0 0 20 

Straight 0 40 30 0 70 

Right turn 0 0 10 0 10 

Total 
(XPERL) 0 60 40 0 100 

FPERL 80/0 

FPERR 80/0 
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4.4 Output 

Output from the driver-vehicle processor includes 

tape. The printed output includes the echo print 

print and magnetic 

of the input and the 

statistics of generation. If there is an input error, a diagnostic message 

will be printed and DVPRO will stop. There are 62 input errors detected and 

the STOP numbers range from 801 to 862. If there is an execution error 

detected by DVPRO, a diagnostic message will be printed followed by a print of 

selected program variables. There are 2 execution errors detected (they are 

all considered "can't get here halts") and the STOP numbers range from 901 to 

902. Several execution errors indicate problems in the input which could not 

be detected until computatio.s commenced. 

Magnetic tape output includes the title for the driver-vehicle processor 

run, the number of driver and vehicle classes, the vehicle characteristics, 

the driver characteristics, and then the individually characterized 

driver-vehicle units to be simulated by the traffic simulation processor. 

Table 4.4 gives the structure of the magnetic tape. 

4.5 Verification 

Verification of the driver-vehicle processor was accomplished by 

analyzing debug prints of intermediate results, by independently testing 

selected subprograms to ensure proper performance, and using the headway 

distribution fitting processor to check the generation of random variates. 

4.6 Computer Requirements 

DVPRO requires 17,216 words (41,500 octal) of storage on CDC computers 

and 102,000 bytes of storage on IBM computers. The driver-vehicle processor 

requires approximately 3 seconds of computer time on CDC computers and 4 

seconds (0.067 minutes) on IBM computers to generate a moderate flow of 

driver-vehicle units for an average in~rsection of 4 inbound and 4 outbound 
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Table 4.4 Magnetic Tape Output from the Driver-Vehicle Processor 

1. Title for the driver-vehicle processor run 

2. Number of driver and vehicle classes 

3. Vehicle charactersitics 

a. Length of vehicle (ft) 

b. Vehicle operational factor 

c. Maximum uniform deceleration rate (ftlsec/sec) 

d. Maximum uniform acceleration rate (ftlsec/sec) 

e. Maximum velocity (ftlsec) 

f. Minimum turning radius ( ft) 

4. Driver characteristics 

a. Driver operational factor 

b. Perception-reaction time and average perception-reaction time (sec) 

5. Individual driver-vehicle units to be simulated 

a. Queue-in time (sec) 

b. Driver class number 

c. Vehicle class number 

d. Desired speed ( ftlsec) 

e. Desired outbound approach number 

f. Inbound approach number 

g. Inbound lane number 

h. Logout summary option 



140 

approaches, 2 lanes per approach. 

4.7 Documentation 

Documentation for the driver-vehicle processor includes an explanation of 

the input and output contained in a user's guide (Ref 15), numerous COMMENT 

statements within the computer program, and a programmer's guide (Ref 19). 

The programmer's guide includes: (1) the driver-vehicle processor 

limitations, (2) a listing of the input errors detected, (3) a listing of the 

execution errors detected, (4) the definition of the variables in each COMMON 

block, (5) the definition of the local variables used in each subprogram, 

(6) an alphabetical listing of all subprograms and the subprograms which can 

call them, (7) an alphabetical listing of all the variables, their storage 

type, and the subprograms in which they are used, and (8) a generalized 

calling sequence diagram. 

4.8 Additional Information 

Appendix A containe example input and output for a normal four-leg 

intersection, a six-leg intersection, and a channelized four-leg intersection. 

Appendix C provides a listing of the driver-vehicle processor and its 

programmer's. Table 4.5 gives the breakdown of the driver-vehicle processor 

FORTRAN statements. 
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Table 4.5 Fortran Statement Categorization for the Driver-Vehicle Processor 

Number of cards with <BLOCK DATA> --------- .05 Percent 

Number of cards with <CALL > --------- 32 1.58 Percent 

Number of cards with <COMMON > --------- 163 8.05 Percent 

Number of cards with <CONTINUE > --------- 197 9.73 Percent 

Number of cards with <DATA > --------- 53 2.62 Percent 

Number of cards with <DIMENSION > --------- 12 .59 Percent 

Number of cards with <DO > --------- 73 3.61 Percent 

Number of cards with <END > --------- 27 1.33 Percent 

Number of cards with <EQUIV ALENC> --------- 3 .15 Percent 

Number of cards with <FORMAT > --------- 266 13 .14 Percent 

Number of cards with <GO TO > --------- 26 1.28 Percent 

Number of cards with <IF > --------- 237 11 .71 Percent 

Number of cards with <LOGICAL > --------- 19 .94 Percent 

Number of cards with <PROGRAM > --------- .05 Percent 

Number of cards with <RETURN > --------- 33 1.63 Percent 

Number of cards with <STOP > --------- 65 3.21 Percent 

Number of cards with <SUBROUTINE> --------- 25 1.24 Percent 

Number of cards with COMMENTs ------------- 230 11 .36 Percent 

Number of cards with I/O statements ------- 210 10.38 Percent 

Number of cards with conditional assembly - 43 2.12 Percent 

Number of cards with other statements ----- 308 15.22 Percent 

Total number of statements ---------------- 2024 





5.0 THE TRAFFIC SIMULATION PROCESSOR 

5.1 Introduction And Purpose 

The traffic simulation processor, SIMPRO, performs the dynamic activity 

computations in the traffic simulation package. The purpose of this subsystem 

is to process each individually characterized driver-vehicle unit through the 

defined intersection area and to gather and report performance statistics 

about the traffic simulation. SIMPRO includes all the algorithms necessary 

for simulating each the decision-response actions of each driver and for 

representing the intersection controls. Eefore developing the structure for 

SIMPRO, numerous other traffic simulation models (Ref 1-10) were reviewed and 

appraised. Development of this component of the package required a major 

portion of the research effort. 

SIMPRO was designed to handle the general case of a single, multi-leg, 

multi-lane, mixed-traffic intersection operating either without control or 

with any conventional form of traffic control. Emphasis was placed on making 

the traffic simulation user-oriented and on minimizing computational 

requirements. The philosophy of initially incorporating as much detail as 

possible into the model and then subsequently eliminating any nonessential 

components was adopted. 

In the model, each individually-characterized driver-vehicle unit is 

examined separately. At selected time intervals, the computer program makes 

available to the simulated driver information such as desired speed; 

destination; current position, velocity, acceleration/deceleration, and 

acceleration/deceleration slope (jerk); relative position and velocity of 

adjacent vehicles in the system; critical distances which must be maintained; 

sight restrictions; and the location and status of traffic control devices. 

Acceleration/deceleration slope, or jerk, is the first derivative of 

acceleration/deceleration with respect to time and is thus the third 

derivative of position. The simulated driver may (1) maintain speed, 

(2) accelerate, (3) decelerate, or (4) maneuver to change lanes. Driver 

response is a function of driver and vehicle characteristics, roadway 
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geometry, traffic control, and the action of other- driver-vehicle units in the 

system. 

The highest-priority logical response of the driver-vehicle unit is 

determined on the premise that the driver wants to sustain a desired speed, 

but that he will obey traffic laws and will maintain safety and comfort. To 

implement the chosen action, a future position, velocity, 

acceleration/deceleration, and acceleration/deceleration slope for the vehicle 

under examination are calculated. Each driver-vehicle unit in the 

intersection and on the approaches is processed in sequence, thereby stepping 

each unit through the intersection in response to the situation prevailing at 

the time. 

5.2 Input Requirements 

The traffic simulation processor accepts as input, information that is 

stored on the magnetic tape produced by the geometry processor and by the 

driver-vehicle processor, along with additional card input. The card input 

consists of (1) the title for the traffic simulation processor run and (2) the 

traffic simulation processor options, which include (a) the start-up and 

simulation time; (b) the time-step increment for simulation; (c) speed for 

"delay below XX miles per hour"; (d) the m~imum clear distance for being in 

a queue, XQDIST; (e) lambda, mu, and alpha values for use in the generalized 

car-following equation; (f) the type of intersection control; (g) desired 

summary statistics; (h) time for lead and lag safety zones for intersection 

conflict checking; (i) punched output option; (j) lane control for each 

lane; (k) the signal indication information for each inbound lane (if the 

intersection is signal controlled); (1) the semi-actuated signal information 

(if the intersection is semi-actuated controlled); (m) the full-actuated 

signal information (if the intersection is full-actuated controlled); and 

(n) the detector information (if an actuated signal controller is used). 

Table 5.1 gives the generaliz~ input for the traffic simulation processor. A 

detailed explanation of the input and its format is given in "The TEXAS Model 

for Intersection Traffic - User's Guide" (Ref 15). 



Table 5.1 Generalized Input to the Traffic Simulation Processor 

1. Magnetic tape produced by the geometry processor 

2. Magnetic tape produced by the driver-vehicle processor 

3. Card input to the traffic simulation processor 

a. Title for the traffic simulation processor run 

b. Traffic simulation processor options 

1. Start-up and simulation time (min) 

2. Time step increment for simulation (sec) 

3. Speed for "delay below XX mph" (mi/hr) 

4. Maximum clear distance for being in a queue (ft) 

5. Lambda, mu, and alpha values for the car following equation 

6. Type of intersection control 

a. for uncontrolled 

b. 2 for yield sign controlled 

c. 3 for less-than-all-way stop sign 

d. 4 for all-way stop sign controlled 

e. 5 for pretimed signal controled 

controlled 

f. 6 for semi-actuated signal controlled 

g. 7 for full-actuated signal controlled 

7. Summary statistics for each turning movement option and summary 

statistics for each inbound approach option (YES/NO) 
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8. Time for lead and lag safety zone for intersection conflict checking 

(sec) 

9. Punched output option (YES/NO) 

10. Lane control for each lane 

a. for outbound lane (or blocked inbound) 

b. 2 for uncontrolled lane 

c. 3 for yield sign controlled lane 

d. 4 for stop sign controlled lane 

e. 5 for signal controlled lane 
~ 6 for signal controlled lane with left-turn-on-red permitted ~ . 
g. 7 for signal controlled lane with right-turn-on-red permitted 

(con ti nued) 
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Table 5.1 (continued) 

11. Signal indication information for each inbound lane (cam stack) 

(if intersection signal controlled) 

a. Number of cam stack positions 

b. Cam stack information 

1. Phase number 

2. Time for phase (sec) (if pretimed signal) 

3. Signal indication for each inbound lane 

a. Three-character codes 

1. First character = "A" "L" "S" "R" 

2. Second character = "G" "A" "R" liP" 

3. Third character = "Gil "A" "R" " " 
4. "UNS" for unsignalized 

5." "for same as last cam stack posi tion 

12. Semi-actuated signal information 

(if intersection semi-actuated signal controlled) 

a. Major street phase information 

1. Minimum assured green (sec) 

2. Amber clearance interval (sec) 

3. All-red clearance interval (sec) 

4. Number and list of signal phases which can be cleared to 

directly from this signal phase 

b. Minor street(s) phase information 

1. Phase number 

2. Initial interval (sec) 

3. Vehicle interval (sec) 

4. Amber clearance interval (sec) 

5. All-red clearance interval (sec) 

6. Maximum extension after demand on red (sec) 

7. Skip-phase switch option (ON/OFF) 

8. Auto-recall switch option (ON/OFF) 

9. Parent/minor movement option (YES/NO) 

10. Dual left option (YES/NO) 

(continued) 



Table 5.1 (continued) 

11. Detector connection type (AND/OR) 

12. Number and list of detectors connected to each signal phase 

13. Number and list of signal phases which can be cleared to 

directly from this signal phase 

13. Full-actuated signal information 

(if intersection full-actuated signal controlled) 

a. Phase number 

b. Initial interval (sec) 

c. Vehicle interval (sec) 

d. Amber clearance interval (sec) 

e. All-red clearance interval (sec) 

f. Maximum extension after demand on red (sec) 

g. Skip-phase switch option (ON/OFF) 

h. Auto-recall switch option (ON/OFF) 

i. Parent/minor movement option (YES/NO) 

j. Dual left option (YES/NO) 

k. Detector connection type (AND/OR) 

1. Number and list of detectors connected to each signal phase 

m. Number and list of signal phases which can be cleared to 

directly from this signal phase 

14. Detector information (if actuated signal controlled) 

a. Number of detectors 

b. Detector information for each detector 

1. Detector type (PULSE/PRESENCE) 

2. Detector location 

a. Approach number and list of lanes served 

b. Starting and stopping position within lane (ft) 
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Extensive input error checking is performed by SIMPRO on the card input 

to ensure that certain data are within defined bounds, that all necessary 

information is provided, and that some information is not duplicated. If an 

input error is detected, the traffic simulation processor will print a message 

describing the input error and stop. There are currently 81 input error 

checks .in SIMPRO. 

5.2.1 Input For Various Types Of Intersection Control 

The available intersection control options include (1) uncontrolled, 

(2) yield sign controlled, (3) less-than-all-way stop sign controlled, 

(4) all-way stop sign controlled, (5) pretimed signal controlled, 

(6) semi-actuated signal controlled, and (7) full-actuated signal controlled. 

5.2.2 Input For Lane Control For Each Lane 

The available lane control options for each 

lane (or blocked inbound), (2) uncontrolled, 

(4) stop sign controlled, (5) signal controlled, 

lane include (1) outbound 

(3) yield sign controlled, 

(6) signal controlled with 

left-turn-on-red permitted, and (7) signal controlled with right-turn-on-red 

permitted. 

5.2.3 Input For Signal Indication Information For Each Inbound Lane 

For a signalized intersection, signal control information is provided to 

SIMPRO by card input. The signal indication information for each inbound lane 

consists of input which models the cam stack found in most signal controllers 

plus the timing scheme for displaying each interval. The cam stack 

information includes the phase number, duration of the phase (if pre-timed), 

and the signal indication for each inbound lane. The signal indications are 
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input in character form (see Table 5.2). The first character of a set of 

three indicates the turning movement type ("A" for all, ilL" for u-turn and 

left turn, "S" for straight-through movement, and "R" for right turn). The 

second character indicates the signal indication for the turning movement 

specified by the first character ("G" for unprotected green, "A" for amber, 

"R" for red, and "P" for protected green). The third character indicates the 

signal indication for all other turning movements not specified by the first 

character ("G" for unprotected green, "A" for amber, "R" for red, and" " if 

the first character was" A"). For an unsignalized lane, the characters "UNS" 

are input and if the signal indication for an inbound lane is the same as the 

preceeding entry, " II can be used. 

5.2.4 Input For Semi-Actuated Signal Controller 

If the intersection is semi-actuated controlled, additional card input is 

necessary for describing the major-street phase information and the 

minor-street(s) phase information. The major-street phase information 

includes (1) the minimum assured green, (2) the amber clearance inter.val, 

(3) the all-red clearance interval, and (4) the number and list of phases 

which can be cleared to directly from each phase. The minor-street phase 

information includes (1) the phase number, (2) the initial interval, (3) the 

vehicle interval, (4) the amber clearance interval, (5) the all-red clearance 

interval, (6) the maximum extension after demand on red, (7) the skip-phase 

switch option, (8) the auto-recall switch option, (9) the parent/minor 

movement option, (10) the dual left option, (11) the detector connection type, 

(12) the number and list of detectors connected to each phase, and (13) the 

number and list of phases which can be cleared to directly from each phase. 

5.2.5 Input For Full-Actuated Signal Controller 

If the intersection is full-actuated controlled, additional card input is 

necessary for describing the phase information. It includes (1) the phase 
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Table 5.2 Signal Indications 

OPTION SIGNAL INDICATIONS FOR EACH INBOUND LANE CODE 

signal is green and conflicts are checked AG 

2 signal is amber and decision is made to go or stop AA 

3 signal is red and vehicle is stopped AR 

4 signal is protected green and conflicts are not checked AP 

OPTION SIGNAL INDICATIONS FOR EACH INBOUND LANE CODE 

left = green(1) others = green( 1) 

5 left = green(1) others = amber(2) LGA 

6 left = green(1) others = red (3) LGR 

7 left = amber(2) others = green(1) LAG 

left = amber(2) others = amber(2) 

8 left = amber(2) others = red (3) LAR 

9 left = red(3 ) others = green(1) LRG 

10 left = red(3) others = amber(2) LRA 

left = red(3) others = red (3) 

OPTION SIGNAL INDICATIONS FOR EACH INBOUND LANE CODE 

straight = green(1) others = green(1) 

11 straight = green(1) others = amber(2) SGA 

12 straight = green(1) others = red (3) SGR 

13 straight = amber(2) others = green(1) SAG 

straight = amber(2) others = amber(2) 

14 straight = amber(2) others = red (3) SAR 

15 straight = red(3) others = green(1) SRG 

16 straight = red(3) others = amber(2) SRA 

straight = red (3) others = red (3) 

(continued) 
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Table 5.2 (continued) 

OPTION SIGNAL INDICATIONS FOR EACH INBOUND LANE CODE 

right = green(1) others = green(1) 

17 right = green(1) others = amber(2) RGA 

18 right = green(1) others = red (3) RGR 

19 right = amber(2) others = green(1) RAG 

right = amber(2) others = amber(2) 

20 right = amber(2) others = red (3) RAR 

21 right = red (3) others = green(1) RRG 

22 right = red(3) others = amber(2) RR1I 

right = red(3) others = red(3 ) 

OPTION SIGNAL INDICATIONS FOR EACH INBOUND LANE CODE 

23 protected left = green(4) others = green(1) LPG 

24 protected left = green(4) others = amber(2) LPA 

25 protected left = green(4) others = red(3) LPR 

protected left = amber(2) others = green(1) 

protected left = amber(2) others = amber(2) 

protected left = amber(2) others = red(3) 

protected left = red (3) others = green( 1) 

protected left = red(3) others = amber(2) 

protected left = red(3) others = red (3) 
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number, (2) the initial interval, (3) the vehicle interval, (4) the amber 

clearance interval, (5) the all-red clearance iRterval, (6) the maximum 

extension after demand on red, (7) the skip-phase switch option, (8) the 

auto-recall switch option, (9) the parent/minor movement option, (10) the dual 

left option, (11) the detector connection type, (12) the number and list of 

detectors connected to each phase, and (13) the number and list of phases 

which can be cleared to directly from each phase. 

5.2.6 Input For Detector Information 

If the signal requires detectors, additional information must be provided 

by card input to detail the location and type of detectors. The detector 

types include PULSE and PRESENCE. The detector location information includes 

(1) the approach number, (2) the starting and stopping position for the 

detector, and (3) the number and list of lanes served. 

5.3 Algorithms For Computation 

5.3.1 Time Increment And Simulation Time 

SIMPRO uses a fixed time increment in the range of one-half second to one 

second. The simulated position and operational conditions for each 

driver-vehicle unit in the system are updated during each time increment. 

Using the minimum time increment produces the most accurate Simulation, but 

requires the most computer time, while using the maximum time increment 

generally produces a less accurate simulation, but also requires less computer 

time. 

Certain functions must be executed during every time increment because 

the actions of other driver-vehicle units within the system determine the 

environment of the driver under consideration at a particular instant. Other 

functions, such as driver response, need not be evaluated so often. Two 

timers for each driver-vehicle unit are used in effecting the driver response. 
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One of the timers evaluates driver reaction time to certain events that are 

associated with the initiation of acceleration or deceleration of his vehicle 

(denoted IPRTM in SIMPRO). The other timer controls the checking of' 

intersection conflicts (denoted LOGFLG in SIMPRO). In each case, the time 

until a certain action needs to be taken or checked again can be computed and 

used. 

Figure 5.1 illustrates the results obtained from several comparison runs 

in which only the time increment for each simulation update was varied. Based 

on these results, it seems desirable to use a time increment of one-half 

second for Simulating a non-signalized intersection and a time increment of 

one second for a signalized intersection. The rationale for this 

recommendation is that in the non-signalized case, checking for intersection 

conflicts is more critical as many more driver-vehicle units must check for 

intersection conflicts. Also, an acceptable gap may not be detected if an 

excessively long time increment is used. At a signalized intersection, 

however, only unprotected left turning, left-turn-on-red or right-turn-on-red 

vehicles normally need to check intersection conflicts, and a longer time 

increment is adequate. 

There are two components to simulation time: (1) start-up time, an 

initial time interval which begins with an empty system and continues until 

traffic flow approaches a steady state condition (no summary statistics are 

gathered), and (2) simulation time, the time interval during which flow 

through the system is approximately steady state (summary statistics are 

gathered). A study of the time required to reach a steady state condition 

involved reporting summary statistics everyone-half minute (see Fig 5.2). 

This study suggested that a minimum start-up time of two minutes is needed to 

allow the system to reach an approximate steady state. Considerable study by 

other researchers has been focused on the simulation time required to obtain 

statistics which compare favorably with actual performance statistics. In 

field studies, data are usually collected for periods from 15 minutes to 

several hours; then the data are converted to equivalent hourly statistics. 

The longer study times are used so that an entire peak period will be included 

in the field survey and so that sampling errors may be reduced. When using 

computer Simulation, the user simply defines the traffic stream to be studied. 

Under heavy traffic flow conditions, it is felt that a minimum simulation time 

of ten minutes will produce reliable simulation statistics. For light flow 
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conditions, a longer simulation time is recommended. 

5.3.2 Program Structure 

SIMPRO was developed using structured programming techniques. Each 

subprogram is small and performs a single, defined function. Currently, 78 

subprograms are included in SIMPRO. There are 3 types of links on which to 

simulate driver-vehicle units: (1) outbound approaches, where there is no 

control mechanism at the end of the lane and where lane changing is allowed; 

(2) intersection paths; and (3) inbound approaches, where there can be some 

control mechanism which regulates entry into the intersection, where lane 

changing 

gathered. 

is allowed, and whereon queue and stopped delay statistics are 

The generalized flow of the program is shown in Fig 5.3. 

SIMPRO first reads the magnetic tape produced by the geometry processor 

and the driver-vehicle processor, reads the card input to the simulation 

processor, and initializes all pertinent simulation variables. These tasks 

are accomplished by subprogram INITIAL. Next, the queue of driver-vehicle 

units that is scheduled to enter the system is interrogated to find which 

units, if any, should enter during the current time increment (processed by 

QUEUE). Then the units on the outbound approaches are processed by OBAP, 

while any vehicle with a projected position beyond the end of the outbound 

lane is logged out of the system by LOGOUT. The driver-vehicle units on the 

intersection paths are then processed by INTERP. Following this, IBAP 

processes the units on the inbound approaches and LOGIN enters new units into 

the system. If there is a signal, it is processed by PRESIG or ACTSIG. 

Finally, the time into the simulation is advanced by one time increment. If 

the time into the simulation is less than or equal to the start-up time plus 

the simulation time, then the program goes back to QUEUE, and repeats the 

update process. When the time into the simulation progresses to a value that 

is greater than the start-up time plus the simulation time, the specified 

summary statistics are printed (and punched if requested) and the simulation 

run is ended. 
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Fig 5.3. Generalized flow process for SIMPRO. 
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A driver-vehicle unit which is first on its link and has the right to 

enter the next link may look forward into the link ahead and react to the last 

driver-vehicle unit on the next link. This provides continuity between the 

various links in the system. 

5.3.3 Data Structure 

SIMPRO uses a special storage management and logic processing routine 

called COLEASE. Chapter 6 discusses COLEASE in more detail. This program 

accomplishes two objectives: (1) it provides a mechanism for storing 

specified variables in a format which maximizes computer bit storage by 

disregarding normal word boundaries and (2) it establishes an efficient means 

for processing logical binary networks. 

The user of COLEASE defines entities, which are groups of attributes 

(variables). SIMPRO has 8 entities: APPRO (approach attributes), CONFLT 

(intersection conflict attributes), LANE (inbound and outbound lane 

attributes), PATH (intersection path attributes), SDR (sight distance 

restriction attributes), VEHD (dynamic driver-vehicle unit attributes), VEHF 

(fixed driver-vehicle unit attributes), and VEHIL (intersection logic 

driver-vehicle attributes). 

In the traffic simulation processor, an array called LIBA, in COMMON 

block INTER, which contains the list of inbound approaches. A value in LIBA 

serves as a pointer to the entry in the APPRO entity which contains 

information about the inbound approach. There is also an array called LOBA, 

in COMMON block INTER, which contains the list of outbound approaches. A 

value in LOBA isa pointer to the entry in the APPRO entity which contains the 

information about the outbound approach. The number of inbound approaches, 

NIBA, and the number of outbound approaches, NOBA, are also contained in 

COMMON block INTER. 

An attribute of the APPRO entity specifies the number of lanes, NLANES, 

and a corresponding list of lanes, LLANES. A value in LLANES serves as a 

pointer to the entry in the LANE entity which contains the information about 

the lane. Another attribute of the APPRO entity contains the number of sight 

distance restrictions, NSDR, the list of sight distance restriction numbers, 
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ISDRN, and the list of sight distance restriction approach numbers for the 

other approach involved in the sight distance restriction, ISDRA. 

An attribute of the LANE entity is the first driver-vehicle unit on the 

lane, IFVL, and the last driver-vehicle unit on the lane, ILVL. These are 

pointers to the entries in the VEHD, VEHF, and VEHIL entities which contain 

the information about the driver-vehicle units. Another attribute of the LANE 

entity specifies the number of intersection paths, NPINT, and the list of 

intersection paths, LPINT, connected to the lane (if an inbound lane). Also, 

the LANE entity has the number of detectors, NLDL, and the list of detectors, 

LLDL, for the lane (if an inbound lane). 

An attribute of the PATH entity specifies the first driver-vehicle unit 

on the intersection path, IFVP, and the last driver-vehicle unit on the 

intersection path, ILVP. These are pointers to the entries in the VEHD, VEHF, 

and VEHIL entities which contain information about the driver-vehicle units. 

Other attributes of the PATH entity are the number of geometrically 

conflicting intersection paths, NGEOCP, the list of geometrically conflicting 

intersection paths, IGEOCP, the current number of intersection conflicts where 

another driver-vehicle unit has the right-of-way, NCPSET, and the list of 

intersection conflicts where another driver-vehicle unit has the right-of-way, 

ICPSET. The PATH entity also has attributes which define the linking outbound 

approach, LOBAP, and the linking outbound lane, LOBL. 

An attribute of the VEHF entity is the entry number for the 

driver-vehicle unit forward, NOF, and the entry number for the driver-vehicle 

unit to the rear, NOR. These are pointers to the VEHD, VEHF, and VEHIL 

entities which contain information about the driver-vehicle unit immediately 

ahead of the driver-vehicle unit on the same lane or intersection path and the 

driver-vehicle unit immediately behind the driver-vehicle unit on the same 

lane or intersection path, respectively. 

As an example, Fig 5.4 illustrates an intersection with three vehicles on 

an inbound approach (see Appendix A.1.1 for geometry information). In 

Fig 5.5, if the position of the second vehicle on the third inbound approach 

is desired, the value of LIBA(3) would point to entry 3 in the APPRO entity. 

An attribute of the third entry of the APPRO entity would be LLANES(2) which 

would point to entry 6 in the LANE entity. An attribute of the LANE entity 

would be the first vehicle in the lane, IFVL, which would point to entry 3 in 

the VEHD, VEHF, and VEHIL entities. An attribute of the VEHF entity is the 



160 

I 1 
21 I I 
I I I I I 

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

8 
1--------- - - --- -------------

7 
4 

3 
2 f- ---------- - - - ----_.-

4 

I 10 '-3 I 
I I 

I I 
I ID 6 

I I 
10 I 9 

I I 

I Sl6 
I I 

3 

Fig 5.4. Example intersection for illustrating SIMPRO data structure. 



L1BA 
I I 

2 2 
3 
4 
5 
6 

LlBA(3)= 3 
4 

Fig 5.5. 

APPRO 
I 

r---
2 

3 ) LLANES(2)=E r---

4 f 

, 12 

Example of SIMPRO 
data structure. 

LANE 
I 

, 2 , 2 

3 I r' \ 3 

4 f 4 

) 5 ) 5 

iIFVL=3 6 I-- 6 , 

7 7 

8 I 

50 9 

10 I 

I 

12 ~ 

, 13 

I 200 

VEHO 

, 2 

3 , 

- 4 f 

) 5 

6 i 

7 

I 8 

I 9 
POS = 300 

I o , 

I 

2 

I 3 

20 o 

VEHF 

--NOR= 6 -

r--
NOR=9 f---, 

~ 

VEHIL 
111-------1 

21-1 ----1 

3 11-------1 

41-1 - __ ---I 

5 11__---__1 

~611__---__1 

7 11__---__1 

81-1 - __ ---I 

9 11--__ ---1 

01-1 ------I 

...... 

'" ,... 



162 

driver-vehicle unit to the rear, NOR, which would point to entry 6 in the 

VEHD, VEHF, and VEHIL entities. The position of the driver-vehicle unit in 

question would be found as an attribute of the VEHD entity and would be 300 

feet (91.44 meters). 

The entities in SIMPRO contain numerous other attributes which describe 

the intersection being simulated. A total of 45,812 attributes are stored by 

COLEASE. On CDC computers, these attributes and their bookkeeping data are 

stored in 7,133 60-bit computer words (6.42 attributes per computer word) 

while, on IBM computers, these attributes and their bookkeeping data are 

stored in 10,692 32-bit computer words (4.28 attributes per computer word). 

5.3.4 Linear Acceleration Model 

Before attempting to develop a model 

investigation of existing acceleration 

of actual traffic behavior, an 

models was undertaken. The uniform 

acceleration model, which is frequently used, does not match observed behavior 

accurately when considered on a microscopic scale. Using a Chi-Squared 

goodness-of-fit test, a best-fit uniform acceleration model was calculated and 

the results are plotted in Fig 5.6 along with data points observed by Beakey 

(Ref 31). This figure illustrates that the uniform acceleration model 

computes velocities which are too low during initial acceleration and which 

result in the vehicle's reaching desired velocity much sooner than it should. 

A linear acceleration model which hypothesizes use of maximum 

acceleration when vehicular velocity is zero, zero acceleration at desired 

velocity, and a linear variation of acceleration over time, has been adopted 

for SIMPRO. Comparisons of this model with observed data (see Fig 5.6) 

indicate excellent agreement. This model also compares favorably with the 

non-uniform acceleration theory (Ref 32) used in describing the maximum 

available acceleration for the vehicle. The equations of motion developed for 

such a model are 

AF = AI + S*T 
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XF = XI + VI-T + 0.5*AI*T**2 + 0.167*S*T**3 

where T is time in seconds, S is acceleration slope (jerk) in ft/sec/sec/sec, 

AI is initial acceleration in ft/sec/sec, AF is final acceleration in 

ft/sec/sec, VI is initial velocity in ft/sec, VF is final velocity in ft/sec, 

XI is initial distance in feet, and XF is final distance in feet. 

From these equations, numerous boundary conditions can be set and the 

equations can be solved for the unknown variable(s). The parameter that is 

determined by driver desire in effecting the position, velocity, and 

acceleration of his vehicle is assumed to be acceleration slope (jerk). 

Dramatic changes in acceleration in a short period of time are restricted in 

SIMPRO by limiting the range of acceleration slope to plus or minus 4 

ft/sec/sec/sec (1.2192 m/sec/sec/sec). 

Further comparisons of the uniform and linear acceleration models may be 

made. For the final velocity at time T to be the same when starting from a 

stopped position, AI for the linear acceleration model will be 2.0 times the 

uniform acceleration model value. For the distance traveled at time T to be 

the same when starting from a stopped position, AI for the linear acceleration 

model must be 1.5 times the uniform acceleration model value (see Fig 5.7). 

The linear acceleration model is applied for two cases in SIMPRO. The 

first case involves the acceleration of a driver-vehicle unit to some desired 

velocity, DESVEL, in ft/sec from a stopped 

desired speed of a driver-vehicle unit 

condition. In this case, the 

(denoted ISPD) in ft/sec does not 

change unless the speed limit for the link on which the unit is operating is 

different from the speed limit of the previous link; however, the desired 

velocity of a driver-vehicle unit (DESVEL) may be different for each time 

increment. Referring to Eq 5.1 and Eq 5.2, AI will have some defined value; 

AF will be zero; VI will be zero; and VF will be DESVEL. Studies by Bulloch 

(Ref 33) led to the development of the following equation \-Thich relates 

initial acceleration, AI, in ft/sec/sec and desired velocity, DESVEL, in 

ft/sec 

AI = AUTOL*(3.2+0.08~DESVEL)*DCHAR (5.4) 

where AUTOL is a constant that is needed to convert uniform acceleration to 

linear acceleration (1.7 used in SIMPRO) and DCHAR is a driver operational 
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factor. 

By solving Eq 5.1 and Eq 5.2 simultaneously, the value of acceleration 

slope, S, in ft/sec/sec/sec is found to be 

S = -O.5*AI**2/DESVEL 

For this case, a driver-vehicle unit can accelerate from a stop with an 

initial acceleration given by Eq 5.4 and an acceleration slope given by 

Eq 5.5; and, when acceleration reaches zero, the driver-vehicle unit will be 

at its desired velocity. 

A second case involves the acceleration of a driver-vehicle unit from 

some initial velocity which is not zero to some desired velocity, DESVEL. 

Referring to Eq 5.1 and Eq 5.2, AI will have some defined value; AF will be 

zero; VI will be the current velocity in ft/sec; and VF will be DESVEL. 

Again, Eq 5.4 relates initial acceleration and desired velocity, but it must 

be modified to reflect the fact that the driver-vehicle unit is already 

moving. The following equation is used to modify AI 

AI = AI*(1.0-VI/DESVEL) (5.6) 

Bulloch (Ref 33) observed that drivers actually accelerate as if they are 

attempting to reach a desired velocity which is approximately 15 percent 

higher than their actual desired velocity. By solving Eq 5.1 and Eq 5.2 

simultaneously for this case, the value of acceleration slope, S, in 

ft/sec/sec/sec is found to be 

S = -O.5*AI**2/(DESVEL-VI) 

For this case, a driver-vehicle unit can be traveling at a specified initial 

velocity; can accelerate with an initial acceleration given by Eq 5.4 and 

Eq 5.6 and an acceleration slope defined by Eq 5.7; and, when acceleration 

reaches zero, the driver-vehicle unit will be at its desired velocity. 

In SIMPRO, subprogram ACCEL controls the acceleration of each 

driver-vehicle unit. A value of initial acceleration, AI, as calculated using 

Eq 5.4 (denoted ACCMAX). It should be noted that if a user determines that 

Eq 5.4 is inadequate, he may simply replace it in subprograms ACCEL, PREDTV, 
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and CARFOL without affecting the operation of SIMPRO. This modification 

should be undertaken only after a thorough investigation of the new equation 

relating initial acceleration and desired velocity has been made, however. 

Next, ACCEL calculates the maximum acceleration available for the vehicle 

using the non-uniform acceleration theory (Ref 32). This theory states that 

the maximum acceleration of a vehicle (denoted ACCVEH) in ft/sec/sec at any 

velocity, V, in ft/sec is given by 

ACCVEH = ALPHA - BETA-V (5.8) 

where ALPHA and BETA are constants for a specific vehicle. It follows that at 

a velocity of zero, the acceleration of the vehicle will be greatest (denoted 

AMAX) and ,when the vehicle is at its maximum velocity (denoted VMAX) , the 

acceleration will be zero. These properties are stated as follows 

AMAX = ALPHA BETA*O (5.9) 

o = ALPHA BETA*VMAX (5.10) 

By solving Eq 5.9 and Eq 5.10 simultaneously for ALPHA and BETA, the following 

equations are formulated 

ALPHA = AMAX (5.11) 

BETA = AMAX/VMAX (5.12) 

By substituting Eq 5.11 and Eq 5.12 in Eq 5.8 and by simplifying, the maximum 

acceleration, ACCVEH, in ft/sec/sec of a vehicle at any velocity, V, in ft/sec 

is defined as 

ACCVEH = AMAX*(1.0-V/VMAX) (5.13) 

In SIMPRO, the computed value of AI is not allowed to exceed the computed 

value of ACCVEH and thus AI is modified using an equation similar in form to 

Eq 5.6. If the current acceleration is less than AI, an acceleration slope is 

calculated which brings the acceleration of the driver-vehicle unit to AI 
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within the perception-reaction time, PIJR, of the driver, and checks to ensure 

that the acceleration slope does not exceed a maximum value for jerk. As the 

velocity of the driver-vehicle unit increases, the value of AI from Eq 5.6 

will decrease if the desired velocity is the same. If the current 

acceleration is greater than AI, then an acceleration slope is calculated 

which brings the acceleration to AI within one time increment, thereby 

ensuring that the acceleration slope does not exceed acceptable limits. 

Several other conditions are checked by ACCEL to ensure that acceleration 

will be similar to that used by normal drivers. 

In validating the linear acceleration models, position, velocity, and 

acceleration versus time plots were produced by SIMPRO and analyzed to 

determine whether or not vehicles responded in a reasonable manner under 

varying conditions. 

5.3.5 Linear Deceleration Model 

The uniform deceleration model, which is frequently used, does not 

accurately match observed behavior of actual drivers when considered on a 

microscopic scale. Using a Chi-Squared goodness-of-fit test, the best-fit 

uniform deceleration model was calculated and the results are plotted in 

Fig 5.8 along wi th data points observed by Beakey (Ref 31). This figure 

illustrates that the uniform deceleration model yields a higher velocity 

during the first part of the deceleration maneuver and, as the velocity 

approaches zero, produces values that are lower than observed values. 

A linear deceleration model which hypothesizes use of a zero initial 

deceleration, maximum deceleration at the instant the driver-vehicle unit 

stops, and a linear variation of the deceleration over time from zero to the 

maximum, was adopted for use in SIMPRO. Comparison of this model with 

observed data (see Fig 5.8) indicates excellent agreement. The equations of 

motion developed for such a model are 

DF = DI + S*T (5.14) 

(5.15) 
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(5.16) 

where T is time in seconds, S is deceleration slope (jerk) in ft/sec/sec/sec, 

DI is initial deceleration, DF is final deceleration in ft/sec/sec, VI is 

initial velocity in ft/sec, VF is final velocity in ft/sec, XI is initial 

distance in feet, and XF is final distance in feet. These equations are quite 

similar to Eq 5.1 through Eq 5.3. For these deceleration equations, numerous 

boundary conditions can be set and the equations can be solved for the unknown 

variable(s). The parameter that is determined by driver desire in effecting 

the position, velocity, and deceleration of his vehicle is deceleration slope 

(jerk). Dramatic changes in deceleration in a short period of time are 

restricted in SIMPRO by limiting the range of deceleration slope to plus or 

minus 4 ft/sec/sec/sec (1.2192 m/sec/sec/sec). 

Further comparisons of the uniform and linear deceleration models may be 

made. For the vehicle to stop in the same time T when starting from the same 

initial velocity, DF for the linear deceleration model will be 2.0 times the 

uniform deceleration model value. For the vehicle to stop in the same 

distance when starting from the same initial velocity, DF for the linear 

deceleration model must be 3.0 times the uniform deceleration model value (see 

Fig 5.9). 

The linear deceleration model is used in SIMPRO for the case of 

specifying the deceleration of a driver-vehicle unit from some initial 

velocity, VELOLD, in ft/sec to a complete stop. Referring to Eq 5.14 through 

Eq 5.16, DI has some defined value; DF is the maximum deceleration, DECMAX in 

ft/sec/sec; VI has some defined value; VF is zero; and XF minus XI is 

defined as RELOLD in feet. Studies by Bulloch (Ref 33) led to the development 

of the following equation, which relates final maximum deceleration and 

initial velocity, VELOLD in ft/sec 

DECMAX = DUTOL*(-6.0-VELOLD/44.0)-DCHAR 

where DUTOL is a constant that is needed to convert uniform deceleration to 

linear deceleration value (value of 2.67 used in SIMPRO) and DCHAR is the 

driver operational factor. By solving Eq 5.14 through Eq 5.16 Simultaneously, 

the value of deceleration slope in ft/sec/sec/sec is determined to be 
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S = 0.5~(DI**2-DECMAX**2)/VELOLD (5.18) 

For this case, a driver-vehicle unit can decelerate to a stop from an initial 

velocity, VEL OLD , by initiating a deceleration slope given by Eq 5.18 and 

using a maximum deceleration defined by Eq 5.17. 

Difficulty arises in SIMPRO in determining when the deceleration to a 

stop maneuver should commence. As an example, assume that there is only one 

driver-vehicle unit in the traffic simulation system, that the unit is on an 

inbound approach, and that the lane is controlled by a stop sign. The driver 

knows that he must stop at the stop line, but he must decide how far away from 

the stop sign the deceleration to a stop must be initiated. This distance can 

be determined by substituting Eq 5.18 in Eq 5.14 and in Eq 5.16 and solving 

for XF minus XI to give 

XF-XI = (-0.667*VI**2)*(2.0-DI/(DI+DECMAX))/(DI+DECMAX) (5.19) 

This equation can also be written as 

XF-XI = (-0.667*VI**2)*(DI+2.0*DECMAX)/(DI+DECMAX)**2 (5.20) 

These two equations define the distance in feet needed for the unit to stop 

from an initial velocity, VI, with an initial deceleration, DI, and using a 

maximum final deceleration, DECMAX, as defined by Eq 5.17. 

In SIMPRO, subprogram CRIDIS controls the deceleration to a stop of a 

driver-vehicle unit. If the driver-vehicle unit has a positive value for 

initial deceleration, a reaction time is included in the calculations during 

which acceleration is reduced to zero. A value for DECMAX is computed for the 

unit using Eq 5.17 and checked to ensure that it does not exceed the maximum 

deceleration rate for the vehicle. It should be noted that if a user 

determines that Eq 5.17 is inadequate, he may replace it in subprograms 

CRIDIS, LOGIN, and SIGRES without affecting the operation of other components 

in SIMPRO. This substitution should be undertaken, however, only after a 

thorough investigation of the new equation relating final deceleration and 

initial velocity has been made. Next, CRIDIS calculates a value of critical 

stopping distance, XCRIT, in feet equal to XF minus XI by using an equation 

similar to Eq 5.19 but including a term for reaction time and assuming an 
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initial deceleration, DI, of zero 

XCRIT = VI~REACTT 1.333~VI*~2/DECMAX (5.21) 

If the distance to the place where the driver-vehicle unit needs to stop is 

less than or equal to XCRIT, deceleration to a stop is initiated. If this 

critical stopping distance will be violated within another perception-reaction 

time interval for the driver, acceleration is reduced in SIMPRO to zero before 

the critical stopping distance is reached; 

will not need to decelerate and may 

velocity of the driver. 

otherwise, the driver-vehicle unit 

accelerate according to the desired 

When initiating deceleration to a stop, the actual distance to the place 

where the driver-vehicle unit must stop is used in calculating the required 

deceleration slope. With the initial deceleration, DI, and the actual 

stopping distance, X, known, Eq 5.19 and Eq 5.20 can be solved for the maximum 

deceleration, DECMAX, in ft/sec/sec required to stop the vehicle 

DECMAX = -DI - (4~VI~~2+2*VI*SQRT(4*VI*~2+6*x*DI))/(6*X) (5.22) 

For this value of DECMAX, the required deceleration slope can be calculated 

using Eq 5.18. In SIMPRO, any required perception-reaction time of the 

driver-vehicle unit is entered, and a logic flag is set indicating that a 

deceleration-to-a-stop value has already been calculated. In subsequent 

update intervals, if the driver-vehicle unit continues to decelerate to a 

stop, the initially calculated value for deceleration slope is used 

repeatedly. 

In validating the linear deceleration models, position, velocity, and 

deceleration versus time plots were produced by the traffic simulation 

processor and checked to ensure that the vehicles responded in a reasonable 

manner under varying conditions. 
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5.3.6 Car Following 

Accelerating or decelerating a driver-vehicle unit 

action of a lead driver-vehicle unit is called 

in response 

car-following. 

to the 

Several 

car-following techniques were investigated, but the non-integer, microscopic, 

generalized car-following equation (Ref 34) was selected for use in SIMPRO 

because of its superiority and flexibility. The car-following equation chosen 

is 

CARDEC = CAREQA*«VELOLD-*CAREQM)/(RELPOS**CAREQL»*RELVEL (5.23) 

where CARDEC is a value of deceleration in ft/sec/sec; CAREQL, CAREQM, and 

CAREQA are the lambda, mu, and alpha parameters, respectively, for the 

generalized car-following equation; VELOLD is the velocity in ft/sec of the 

driver-vehicle unit at the start of the time increment; RELPOS is the 

relative position of the driver-vehicle unit (equal to the position of the 

lead driver-vehicle unit minus the position of the unit being examined) in 

feet; and RELVEL is the relative velocity of the driver-vehicle unit (equal 

to the velocity of the lead driver-vehicle unit minus the velocity of the unit 

being examined) in ft/sec. 

If' a following driver-vehicle unit is close behind the leading unit, 

car-following logic is used in lieu of the acceleration subprogram ACCEL and 

the deceleration subprogram CRIDIS that are described above. Figure 5.10 

illustrates the six states of car-following which are used in SIMPRO. 

The first major decision in applying car-following logic is to ascertain 

whether the lead driver-vehicle unit is going faster than the driver-vehicle 

unit that is under examination. If it is, the relationships shown in 

Fig 5.10(a) are used in determining the proper action for the following 

driver-vehicle unit. This situation usually exists when driver-vehicle units 

change lanes 

intersection. 

car-following 

follows 

and when the lane control allows units to discharge into the 

The key to this diagram is the definition of an acceptable 

distance, CARDIS, in ft/sec. In CARFOL, CARDIS is defined as 

CARDIS = 1.7*PVVEL/DCHAR (5.24) 
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where PVVEL is the velocity in ft/sec of the lead driver-vehicle unit and 

OCHAR is the driver operational factor. 

If relative position is greather than 1.2 times CAROlS, then the 

driver-vehicle unit is caused to accelerate to a factored desired velocity by 

using subprogram ACCEL. The factor used in CARFOL to modify desired velocity 

for this purpose is 

FACT = AMINI«RELPOS-CAROIS)/(4.0*CAROIS),1.0) (5.25) 

where RELPOS is the relative position in feet and CAROlS is defined by 

Eq 5.24. The desired velocity, OESVEL, in ft/sec thus is 

OESVEL = PVVEL + (OESVEL-PVVEL)~FACT (5.26) 

where PVVEL is the velocity in ft/sec of the lead driver-vehicle unit, OESVEL 

is the desired velocity in ft/sec of the following unit, and FACT is defined 

by Eq 5.25. 

If relative position, RELPOS, is equal to CAROlS, then the driver-vehicle 

unit is allowed to accelerate to the velocity of the lead unit, PVVEL. When 

RELPOS is greater than or equal to 5 times CAROlS, then the driver-vehicle 

unit is allowed to accelerate to its desired velocity, OESVEL. 

If relative position is greater than 0.8 times CAROlS but less than 1.2 

times CAROlS as defined by Eq 5.24, the following driver-vehicle unit 

accelerates to the minimum of (1) the desired velocity of the driver-vehicle 

unit or (2) the velocity of the lead unit. 

If relative position is less than 0.8 times CAROlS as defined by Eq 5.24, 

the following driver-vehicle unit initiates an intricate deceleration maneuver 

which moves it back to the car-following distance and makes it travel at its 

desired speed with zero acceleration. 

If the following driver-vehicle unit is going faster than the lead unit, 

the relationships shown in Fig 5.10(b) are used in determining the proper 

action for the following unit. This situation usually occurs when 

driver-vehicle units are stopping because of the lane control or because of 

the development of a stopped queue of vehicles waiting to enter the 

intersection. The definition of an acceptable car-following distance, CAROlS, 

in feet used for this condition in CARFOL is as follows 
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CARDIS = (1.7*PVVEL+4.0*RELVEL**2)/DCHAR 

where PVVEL is the velocity in ft/sec of the lead driver-vehicle unit, RELVEL 

is the relative velocity (equal to the velocity of the lead driver-vehicle 

unit minus the velocity of the following driver-vehicle unit) in ft/sec, and 

DCHAR is the driver operational factor. This car-following distance equation 

contains a relative velocity term so that high-speed units will begin to react 

to lead driver-vehicle units when the two units are relatively far apart and 

their relative velocity is large. 

If relative position is greater 

driver-vehicle unit may accelerate to 

subprogram ACCEL. The factor is given 

Eq 5.27, and the desired velocity is 

than 1.2 times CARDIS, then the 

a factored 

by Eq 5.25, 

defined by 

desired speed by using 

CARDIS is defined by 

Eq 5.26. If relative 

position, RELPOS, is equal to CARDIS, then the driver-vehicle unit is allowed 

to accelerate to the velocity of the lead unit, PVVEL. When RELPOS is greater 

than or equal to 5 times CARDIS, then the driver-vehicle unit is allowed to 

accelerate to its desired velocity, DESVEL. 

If relative position is greater than CARDIS but less than 1.2 times 

CARDIS, the driver-vehicle unit will reduce acceleration or deceleration to 

zero within the perception-reaction time of the driver of the following unit. 

This maneuver makes the following unit trail the lead driver-vehicle unit at 

between CARDIS and 1.2 times CARDIS at a steady velocity. 

If relative position is less than CARDIS, the driver-vehicle unit will 

decelerate according to the generalized car-following equation (see Eq 5.23). 

A value of deceleration in ft/sec/sec is computed from the equation; then a 

deceleration slope in ft/sec/sec/sec is determined which will bring the 

driver-vehicle unit to the computed value of deceleration in one time 

increment. 

In each of the car-following states, appropriate tests are performed to 

ensure that the acceleration/deceleration slope does not exceed tolerable 

limits. 
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5.3.6.1 Car-Following Equation Parameters 

Much work has been done by researchers to define the microscopic and 

macroscopic models of traffic flow. The microscopic models generally use the 

spacing and speed of individual vehicles while the macroscopic models deal 

primarily with traffic stream flOWS, densities, and average speeds. A 

particular microscopic model may be integrated to develop a corresponding 

macroscopic model. Figure 5.11 illustrates a generalized flow versus density 

curve and denotes the relevant macroscopic statistics: free speed - the speed 

of traffic under free flow conditions, or the slope of the curve as it leaves 

the origin; optimum speed - the speed of the traffic at maximum flow; jam 

density the density when the traffic stream is stopped; optimum 

density - the density at maximum flow; and maximum flow. 

Studies by May (Ref 35) indicate the sensitivity of the lambda and mu 

parameters for the generalized car-following equation with respect to free 

speed, optimum speed, jam density, optimum density, and maximum flow (see 

Fig 5.12). 

For isolated urban intersection conditions, limiting ranges for lambda 

and mu were determined by using a free speed of less than 55 mi/hr (89 km/hr); 

an optimum speed above 20 mi/hr (32 km/hr); a jam density between 185 veh/mi 

(115 veh/km) (about 25 percent trucks) and 265 veh/mi (165 veh/km) (all cars); 

and an optimum density less than 70 veh/mi (48 veh/km). These restrictions 

bound lambda with a range of 2.3 to 4.0 and bound mu with a range of 0.6 to 

1.0. Figure 5.13 illustrates these limits. A maximum flow between 1720 and 

2000 veh/hr results from these values. The critical factor affecting mu is 

the jam density, therefore relatively liberal limits were established for the 

upper and lower bounds (all cars and 25 percent trucks). Likewise, the 

critical factor affecting lambda is the free speed; again relatively liberal 

limits were established for the upper bound [55 mi/hr (89 km/hr)]. The user 

should exercise caution when changing from the recommended range of values for 

lambda and mu. In determining the value for alpha, trial and error techniques 

were used on numerous test examples. 

In validating the car-following model, position, velocity, and 

acceleration versus time plots were produced by the traffic simulation 

processor and checked to ensure that the driver-vehicle units responded in a 

reasonable manner under various conditions. The model was also checked to 
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ensure that there was a smooth transition from car-following mode to and from 

acceleration or deceleration, that a faster vehicle overtaking a slower 

vehicle slowed and trailed the lead driver-vehicle unit at a reasonable 

distance, and that driver-vehicle units which changed lanes transitioned into 

the new lane smoothly. 

5.3.7 Log-in Velocity 

Traffic simulation would be simplified if each driver-vehicle unit could 

enter the traffic simulation system while traveling at its desired speed. 

This is not always practicable, however, as short headways and previously 

developed queues of vehicles sometimes make entry at desired speed impossible. 

One solution to this problem is to determine the maximum velocity at 

which a driver-vehicle unit can enter the traffic simulation system without 

exceeding its desired speed and without causing future collisions. This 

analysis, which is used in LOGIN, can be considered in three cases. First, if 

the driver-vehicle unit is the first in the lane, it may enter the traffic 

simulation system at its desired speed. 

In the second case, the lead driver-vehicle unit is either accelerating 

or traveling at a steady speed. If the desired speed is less than or equal to 

the current velocity of the leading unit, the entering unit may enter the 

traffic simulation system at its desired speed. For this case in SIMPRO, if 

there is not at least one car-following distance, as defined by Eq 5.24, 

available at the entry point on the lane, the driver-vehicle unit enters the 

traffic simulation system at the current velocity of the lead driver-vehicle 

unit. For all other situations under this case, SIMPRO computes an entry 

speed (not greater than desired speed) such that the entering unit can reduce 

its velocity to the current velocity of the lead driver-vehicle unit by the 

time the two units are one car-following distance apart. This is done without 

exceeding a maximum deceleration slope or a maximum deceleration value. 

Referring to Eq 5.14 through Eq 5.16, S will be equal to CRISLP; DI will be 

equal to zero; DF will be defined by Eq 5.14; VI is the unknown variable; 

VF equals the current velocity of the lead unit, PVVEL; XF is equal to the 

available distance at the start of the lane, DIST, plus the velocity of the 
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lead driver-vehicle unit times time, T, in seconds; and XI is equal to zero. 

By solving Eq 5.14 through Eq 5.16 simultaneously, the time required to 

decelerate is found to be 

T = (-3.0*DIST/CRISLP)**0.333 (5.28) 

and the initial velocity, VI, in ft/sec will be 

VI = PVVEL 0.5*CRISLP*T**2 (5.29) 

The value for DF must be checked to ensure that it does not exceed DECMAX, 

where DF is defined by Eq 5.14 with DI equal to zero and T defined by Eq 5.28, 

and where DECMAX is defined by Eq 5.17 multiplied by a factor representing the 

percent of DECMAX that may be used in decelerating from VI to PVVEL. This 

factor is 

(5.30) 

If DF exceeds DECMAX, then a smaller value of VI must be used. Again, solving 

Eq 5.14 through Eq 5.16 simultaneously using the same definition as before 

except that DF will be DECMAX as defined by Eq 5.17 multiplied by Eq 5.30, 

yields a value of VI based upon PVVEL, DECMAX, and DIST that is 

VI = PVVEL + SQRT(-0.75*DIST*DECMAX) 

The time, T, in seconds required to decelerate is 

T = -2.0*(VI-PVVEL)/DECMAX (5.32) 

where VI is defined by Eq 5.31 and DECMAX is defined by Eq 5.17 multiplied by 

the factor that is defined by Eq 5.30. The deceleration slope, SLOPE, in 

ft/sec/sec/sec would then be 

SLOPE = DECMAX/T 

where DECMAX is defined by Eq 5.17 multiplied by the factor that is defined by 
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Eq 5.30 and T is defined by Eq 5.32. If this value of deceleration slope 

exceeds the critical deceleration slope for the driver-vehicle unit, a smaller 

value of VI must be used. Since DECMAX is a function of VI, several 

iterations may be required before an acceptable value of VI is found. 

The third case occurs when the lead driver-vehicle unit is decelerating. 

Referring to Eq 5.14 through Eq 5.16 for the lead driver-vehicle unit, S is 

the maximum critical deceleration slope, SLPMAX; DI is some defined value; 

DF is defined by Eq 5.14; VI is the current velocity of the lead 

driver-vehicle unit, PVVEL; VF is zero; XI is the distance from the start of 

the lane to the rear bumper of the lead driver-vehicle unit, DIST; and XF is 

defined by Eq 5.15 as XSTOP. By solving Eq 5.14 through Eq 5.16 

simultaneously, the time, TSTOP, in seconds for the lead driver-vehicle unit 

to stop is found to be 

TSTOP = (-DI-SQRT(DI**2-2.0*SLPMAX~PVVEL))/SLPMAX (5.34) 

and the distance, XSTOP, in feet from the beginning of the lane to the rear 

bumper of the lead driver-vehicle unit when it is stopped is 

XSTOP = DIST + PVVEL~TSTOP + DI*TSTOP/2 + SLPMAX~TSTOP**3/6 (5.35) 

In determining a maximum entry velocity, VI, such that the driver-vehicle unit 

may decelerate to a stop in XSTOP distance without exceeding a critical 

deceleration slope nor a maximum value of deceleration, the variables needed 

for Eq 5.14 through Eq 5.16 are: S is equal to the critical deceleration 

slope for the driver-vehicle unit, CRISLP; DI is equal to zero; DF is as 

defined by Eq 5.14; VI is the unknown variable; VF is zero; XI is zero; 

and XF is equal to XSTOP. Solving Eq 5.14 through Eq 5.16 simultaneously, the 

time, T, in seconds required for the driver-vehicle unit to decelerate to a 

stop is found to be 

T = (-3.0*XSTOP/CRISLP)*'0.333 (5.36) 

and the initial velocity, VI, in ft/sec is 

VI = -0.5*CRISLP*T~'2 
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The value for DFmust be checked to ensure that it does not exceed DECMAX, 

where DF is defined by Eq 5.14 with DI equal to zero and T defined by Eq 5.35; 

and where DECMAX is defined by Eq 5.17. If DF exceeds DECMAX, then a smaller 

value of VI must be used. Again solving Eq 5.14 through Eq 5.16 

simultaneously using the same definition as before, the value of VI based upon 

XSTOP as defined by Eq 5.35 and DECMAX as defined by Eq 5.17, is found to be 

VI SQRT(-0.75-XSTOP*DECMAX) 

The time, T, in seconds to decelerate to the stop is 

T = -2.0*VI/DECMAX 

and the deceleration slope, SLOPE, in ft/sec/sec/sec is 

SLOPE = DECMAX/T (5.40) 

If this value of deceleration slope exceeds the critical deceleration slope 

for the driver-vehicle unit, then a smaller value of VI must be used. Since 

DECMAX is a function of VI, several iterations may be required before an 

acceptable value of VI is found. 

If the acceleration/deceleration slope determined by subprogram CARFOL is 

less than 80 percent of the maximum deceleration slope for the driver, then 

the log-in velocity is reset to 95 percent of its current value and subprogram 

CARFOL is executed again. This procedure ensures that the new driver-vehicle 

unit should be able to decelerate to a safe car-following condition without 

causing a collision shortly after entry into the system. 

If the position of the rear bumper of the last driver-vehicle unit in the 

lane is less than the starting position of the inbound lane, then the 

driver-vehicle unit is eliminated from the traffic simulation and a message is 

printed. After an entry velocity has been found and the driver-vehicle unit 

has been updated for the portion of the time increment to be used, checks are 

made to determine whether the driver-vehicle unit has a collision with the 

last driver-vehicle unit in the lane or whether the driver-vehicle unit 

stopped. If either occurred, the driver-vehicle unit is eliminated from the 

traffic si'llulation and a message is printed. 
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5.3.8 Changing Intersection Path Desired Speed 

When transferring from one link to another within SIMPRO, the desired 

speed of each driver-vehicle unit is adjusted to maintain the same percentage 

of the speed limit for the next link by using the following formula 

ISPD = ISPD*SLIMN/SLIMO (5.41 ) 

where ISPD is the desired speed in ft/sec of the driver-vehicle unit, SLIMN is 

the speed limit in ft/sec for the new link, and SLIMO is the speed limit in 

ft/sec for the old link. The problem then is to determine when (or where) the 

driver-vehicle unit is to change its desired speed on a link to the desired 

speed for the next link so that the unit can reduce its speed to the new 

desired speed by the end of the current link. The desired speed on an 

outbound approach is always greater than or equal to the desired speed on an 

intersection path, and thus, the determination of when to change the desired 

speed of the driver-vehicle unit is performed only for units on an inbound 

approach by subprogram CHKDSP. Referring to Eq 5.14 through Eq 5.16, S is an 

acceptable value of deceleration slope, CRISLP; DI has some defined value; 

DF is defined by Eq 5.14; VI has some defined value; VF is the desired speed 

of the driver-vehicle unit for its intersection path, as defined by Eq 5.41; 

XI is zero; 

lane, XCRIT. 

the inbound 

and XF is the unknown critical distance to the end of the inbound 

By solving Eq 5.15 for the time, T, needed to reduce speed on 

approach to the desired speed for the intersection path, the 

relevant equation is found to be 

T = (-DI-SQRT(DI**2-2.0*CRISLP*(VI-ISPD)))/CRISLP (5.42) 

and the critical distance, XCRIT, is defined by Eq 5.16 using T from Eq 5.42 

XCRIT = VI~T + O.5·DI~T**2 + O.167 wCRISLP*T**3 

When the distance to the end of the inbound lane for a driver-vehicle unit 

becomes less than or equal to XCRIT, the driver-vehicle unit changes desired 

speed using Eq 5.41 and sets a flag indicating that it has made the change. 

In subprogram ACCEL and CARFOL appropriate adjustments are employed to reduce 
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the velocity of the driver-vehicle unit when its current velocity is greater 

than its desired speed. 

5.3.9 Deceleration To Desired Speed 

When the current velocity of a driver-vehicle unit is greater than its 

desired speed, the unit will reduce its speed to the desired speed within the 

available distance. This maneuver is accomplished by decelerating the 

driver-vehicle unit for some period of time and then reducing the deceleration 

of the driver-vehicle unit to zero by the time the velocity reaches the 

desired speed. Referring to Eq 5.14 through Eq 5.16, S has some unknown 

deceleration slope, SLOPED; DI has some defined value; DF is defined by 

Eq 5.14; VI has some defined value; VF is the desired speed, ISPD; XI is 

some defined value; and XF is the minimum of either the position of the lead 

unit's rear bumper, PVPOS, or the position of the end of the inbound lane, 

ENDLN. By solving Eq 5.15 and Eq 5.16 simultaneously, the time, T, in seconds 

to decelerate to the driver-vehicle unit's desired speed is found to be 

T = (-B+SQRT(B*~2-4.0~A*C))/(2.0*A) (5.44) 

where A, B, and C are constants of the quadratic equation and are 

A = O.167*DI 

B = O.667~VI + O.333*I~PD (5.46) 

C = XI - AMIN1(ENDLN,PVPOS) 

and where the negative deceleration slope, SLOPED, in ft/sec/sec/sec is 

SLOPED = 2.0*(ISPD-VI-DI*T)/T**2 (5.48) 

After the deceleration slope has been in effect for some time, a check must be 

made to determine when the deceleration should be decreased to zero by the 
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time the driver-vehicle unit reaches its desired speed. Again, referring to 

Eq 5.14 and Eq 5.15, S is the unknown deceleration slope, SLOPEUj DI has som~ 

defined value; DF is zero; VI has some defined value; and VF is the desired 

speed for the driver-vehicle unit, ISPD. By solving Eq 5.14 and Eq 5.15 

simultaneously, the required positive deceleration slope in ft/sec/sec/sec is 

found to be 

SLOPEU = -0.5*DI--2/(ISPD-VI) (5.49) 

In SIMPRO, when the positive deceleration slope, SLOPEU, defined by Eq 5.49 

becomes greater than 40 percent of the normal critical deceleration slope for 

the driver, the positive deceleration slope is initiated. 

When this procedure is implemented, the deceleration slope defined by 

Eq 5.48 or Eq 5.49 is not used in subprogram CARFOL unless it is less than the 

deceleration slope determined by the car-following calculations. 

5.3.10 Acceleration And Deceleration Logical Binary Network 

In order to determine a unique response for each driver (accelerating to 

desired speed, accelerating to lead vehicle speed, following the car ahead, 

remaining stopped, checking whether deceleration to a stop is necessary, or 

continuing deceleration to a stop), a logical binary network for acceleration 

and deceleration was developed and used in SIMPRO (see Fig 5.14). This 

network contains logical independent and logical dependent attributes. The 

logical independent attributes provide a true or false answer to selected 

questions. There can be only one true branch and one false branch leading 

from each logical independent attribute, but there can be one or more true or 

false branches leading into each logical independent attribute. The logical 

dependent attributes define a response for the driver-vehicle unit. There can 

be no true or false branch leading from each logical dependent attribute while 

there can be one or more true or false branches leading into each logical 

dependent attribute. 
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The traffic simulation processor maintains current values for all logical 

independent attributes in the network and executes a special logic routine 

generated by COLEASE to determine the appropriate value for the logical 

dependent attributes. A logical dependent attribute may be true, false, or 

both true and false if one or more of the branches leading into the logical 

dependent attribute is true and one or more of the branches leading into the 

logical dependent attribute is false. Only one logical dependent attribute 

may be true in the network (or true and false). The traffic simulation 

processor checks the logical dependent attributes to determine which is true 

(or true and false) and then the appropriate action is initiated. COLEASE is 

described in more detail in Chapter 6. 

In SIMPRO, subprogram ACDCP checks the value of the 

acceleration/deceleration logical dependent attributes and executes the 

appropriate subprogram to implement the driver's response. 

5.3.11 Lane Control strategies 

In SIMPRO, subprogram INFLZN determines the values for most of the 

intersection control logical independent attributes and is executed only once 

when each driver-vehicle unit comes within the influence zone of the 

intersection. Subprogram INTLOG checks the value of the intersection control 

logical dependent attributes and executes the appropriate subprogram to 

implement the driver's response. 

5.3.11.1 Uncontrolled Lanes At An Uncontrolled Intersection 

When an intersection is uncontrolled, no driver-vehicle unit has the 

right-of-way, and each driver-vehicle unit must check si~ht distance 

restrictions and intersection conflicts before entering the intersection. 

Until the driver-vehicle unit gains the right to enter the intersection, the 

driver assumes that he must stop his vehicle at the stop line. If the 

driver-vehicle unit stops at the stop line because the right to enter the 
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intersection has not been gained, the stop controlled logic that is described 

in Section 5.3.11.4 is followed. If sight restrictions and intersection 

conflicts are cleared without its stopping, the unit simply accelerates as 

necessary to reach the desired speed. 

5.3.11.2 Uncontrolled Lanes At A Controlled Intersection 

When the intersection is controlled by yield signs or two-way stop signs, 

driver-vehicle units on uncontrolled lanes are assumed to have the 

right-of-way in SIMPRO. If the driver-vehicle unit on an uncontrolled lane is 

going to turn left or change lanes in the intersection, the unit must check 

for sight distance restrictions and also check intersection path conflicts. 

Upon finding no reason to stop, the driver-vehicle unit gains the right-of-way 

to enter the intersection and sets a flag on all other intersection paths with 

which the path of the unit conflicts geometrically to indicate that the 

driver-vehicle unit has been given authorization to enter the intersection. 

5.3.11.3 Yield Sign Controlled Lanes 

Driver-vehicle units on lanes controlled by yield signs ~ust yield the 

right-of-way to other units on conflicting paths. Until a driver-vehicle unit 

has gained the right to enter the intersection, the driver assumes that he 

must stop at the stop line. In determining whether the unit may enter the 

intersection, SIMPRO uses the same logic as for the stop sign controlled lanes 

(see Section 5.3.11.4). The difference is that for yield sign controlled 

situations, the logic which determines the right to enter the intersection is 

executed while the driver-vehicle unit is still traveling on the inbound lane; 

whereas, the right-of-way logic for driver-vehicle units which are on lanes 

controlled by stop signs is not executed until after the unit has stopped at 

the stop line. On a yield sign controlled lane, a check for the right to 

enter the intersection is made only if the driver-vehicle unit under 

consideration is the first vehicle in the l~ne or is following another unit 
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which has been cleared to enter the intersection. It is quite possible at low 

volumes that a driver-vehicle unit will never need to begin decelerating to a 

stop. 

5.3.11.4 Stop Sign Controlled Lanes 

The stop sign control logic forms the basis for simulating all sign 

controlled and uncontrolled intersections. Timing for the right-of-way to 

enter the intersection from an inbound lane is determined by this logic. 

when a driver-vehicle unit first stops at the stop line, the unit is 

eligible for addition to the list of units already stopped at the intersection 

(processed by ADLVAI). If SIMPRO determines that any unit in the list of 

units has stopped at the stop line of the inbound approach to the immediate 

left of the approach under examination within the perception-reaction time of 

the newly stopped driver-vehicle unit, this is considered to be a simultaneous 

arrival and time precedence for the right-of-way is assigned to the new 

driver-vehicle unit by entering it into the list of stopped vehicles ahead of 

the stopped vehicle to the left. If no simultaneous arrival is detected, the 

new driver-vehicle unit is added to the end of the list of driver-vehicle 

units that are stopped at the intersection. This procedure maintains a list 

of driver-vehicle units which are arranged according to time of arrival, are 

stopped at the stop line, and are ready to enter the intersection. When a 

driver-vehicle unit enters the intersection, it is removed from the list. 

In SIMPRO, subprogram LSTOP determines when a driver-vehicle unit gains 

the right to enter the intersection. This involves three steps. First, the 

following conditions are evaluated: (1) the list of vehicles stopped at the 

intersection is empty, (2) there are no geometric conflicts with the path of 

the unit being examined, and (3) after each vehicle on the list of vehicles 

waiting at a stop line is examined, the unit takes time precedence over other 

units which stopped earlier than the unit under examination (such precedence 

is warranted when (a) the other stopped unit is not on an uncontrolled lane at 

a controlled intersection, and when (b) the other unit is being delayed by a 

previously detected intersection conflict or there is ~ geometric conflict 

with the path of the other vehicle). If any of these conditions exists, the 
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second step is to check and clear all sight restrictions. The final step is 

to clear intersection conflicts. Before actually entering the intersection, 

the unit experiences a delay which results from the hesitancy of the driver to 

enter the intersection. These steps are repeated in each succeeding time 

increment until the right to enter the intersection has been gained. 

5.3.11.5 Signal Controlled Lanes 

The control strategy for signal controlled lanes involves (1) recording 

detector actuations, (2) determining whether a left-turn-on-red or a 

right-turn-on-red is permissible, (3) defining the driver response to the 

signal indications, (4) setting the driver response for a green indication, 

(5) setting the driver response for an amber indication, (6) setting the 

driver response for a red indication, (7) setting the driver response for a 

green protected indication, and (8) setting and unsetting intersection 

conflicts. 

5.3.11.5.1 Detector Actuation 

During every time increment, each driver-vehicle unit on an inbound lane 

checks to determine whether its current position has actuated a detector in 

its lane. The start and end position for the detector and whether the 

detector is a PRESENCE or a PULSE type is defined by input to SIMPRO. For 

both detector types, the following conditions are checked: (1) has the front 

bumper crossed the start of the detector, (2) has the rear bumper crossed the 

start of the detector, (3) is the front bumper between the start and end 

position of the detector, and (4) is the rear bumper between the start and end 

position of the detector? If the detector is a presence type, a check is made 

to see whether the vehicle is straddling the detector. If any of these 

conditions is satisfied, the detector is set i~ the actuated state. 
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5.3.11.5.2 Left-Turn-On-Red And Right-Turn-On-Red 

When a driver-vehicle unit first stops at the stop line, a check is 

performed to determine whether the unit may make a left-turn-on-red or a 

right-turn-on-red. If the lane control (see Section 5.2.2) perm.its the 

left-turn-on-red maneuver and the vehicle will turn left, an intersection 

control logical independent attribute is set, which allows the vehicle to 

attempt the maneuver. If the lane control permits the right-turn-on-red 

maneuver and the vehicle will turn right, the intersection control logical 

independent attribute is set, which allows the vehicle to attempt the 

maneuver. After the vehicle has cleared its intersection conflicts, it may 

enter the intersection. 

5.3.11.5.3 Driver Response To Signal Indications 

Section 5.2.3 describes the user-supplied input of signal indication 

information for each inbound lane, and Table 5.2 provides a list of the 25 

unique signal indications which are available in SIMPRO. Subprogram IBAP 

determines when it is necessary to compute a driver response to a new signal 

indication. Each time a different signal indication is displayed to a lane, 

IBAP executes subprogram SIGRES for each driver-vehicle unit in the lane that 

is dedicated to an intersection path, as described in Section 5.3.18. 

Subprogram SIGRES determines one of the following driver responses to the 

signal indication: (1) go on green and check for intersection conflicts, 

(2) go on amber and do not check for intersection conflicts, (3) stop on 

amber, (4) stop on red, and (5) go on green and do not check for intersection 

conflicts. Four major signal indications are provided in SIGRES: (1) green, 

(2) amber, (3) red, and (4) green protected. The turning movement type for 

the driver-vehicle unit being examined is compared with the primary turn code 

(the first character of the three-character code) for the signal indication. 

If they are equal, the driver responds to the signal indication for the 

primary turn code (the second character of the three-character code); 

otherwise, he responds to the signal indication for the other turn codes (the 

third character of the three-character code). 
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As a general example, consider a driver approaching on a lane displaying 

a circular green signal indication. The three-character code for this 

situation has been specified by the user as IIAG II (all green). Every 

driver-vehicle unit will respond to the all-green indication as described in 

Section 5.3.11.5.4 below. As another example, assume that the signal 

indication is nLGR" (left turn green and all others red). Any vehicles that 

are turning left will respond to the green indication while all other vehicles 

will stop in response to the red indication. 

5.3.11.5.4 Driver Response To A Green Indication 

In determining driver response to a green indication, SIMPRO sets the 

intersection control logical independent attributes that are associated with 

the driver-vehicle unit to indicate that the unit desires to go. 

Straight-through and right-turning units that will not change lanes in the 

intersection assume that their movement is protected and they therefore have 

the right to enter the intersection; otherwise, they must check intersection 

conflicts before entering. If the unit is the first stopped vehicle in the 

queue, it is delayed by SIGRES for one perception-reaction time for the driver 

before it actually enters the intersection; other units respond to the green 

indication without such a delay being assigned by SIGRES. 

5.3.11.5.5 Driver Response To An Amber Indication 

For the amber indication, the driver must decide whether to stop or go on 

amber. Special cases which are considered in SIGRES are: (1) if the 

preceding driver-vehicle unit on the inbound lane has decided to stop on 

amber, the vehicle being examined will also stop on amber, (2) if the unit is 

currently decelerating to a stop, it will stop on amber, and (3) if a unit is 

the first in its lane, stopped at the stop line, and required to check 

intersection conflicts, it will go on amber and enter the intersection after 

it has cleared applicable intersection conflicts. The last special case 
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possibly allows one u-nit to enter the intersection during the amber signal 

interval. 

In the usual case, SIGRES calculates the critical stopping distance using 

Eq 5.19 or Eq 5.20, where DECMAX is defined by an equation which is similar in 

form to Eq 5.17 but defines constants that allow for harder braking. If the 

distance to the end of the lane is less than the critical stopping distance 

thus calculated, the driver-vehicle unit will go on amber; otherwise, it will 

stop on amber. 

To implement the go-on-amber decision, the intersection control logical 

independent attributes for the unit under examination are set to indicate the 

go-on-amber decision. The driver does not have to check further for 

intersection conflicts. 

To implement the stop-on-amber decision, the intersection control logical 

independent attributes are set for the driver-vehicle unit to indicate the 

stop on amber decision and the acceleration/deceleration logical dependent 

attributes are automatically set to make the vehicle check for a required 

deceleration to a stop or follow the car ahead. 

5.3.11.5.6 Driver Response To A Red Indication 

SIGRES sets the intersection control logical independent attributes for 

the driver-vehicle units to indicate a stop on red decision. The red 

indication must be preceded by an amber indication. 

5.3.11.5.7 Driver Response To A Green Protected Indication 

This response is similar to that for an unprotected green indication 

except for the fact that intersection conflicts are not checked for any 

vehicle on the inbound lane. If the unit is the first stopped vehicle in the 

queue, it is delayed by SIGRES for one perception-reaction time for the driver 

before it actually enters the intersection; other units respond to the green 

indication without such a delay being assigned by SIGRES. 
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5.3.11.5.8 Setting And Unsetting Intersection Conflicts 

If the driver-vehicle unit may enter the intersection, then each 

intersection path that conflicts geometrically with the intersection path for 

the driver-vehicle unit is flagged to indicate that the driver-vehicle unit 

has been assigned the right-of-way to enter the intersection. This procedure 

is referred to as setting conflicts. Other driver-vehicle units which are 

seeking the right-of-way must yield to the unit which has been assigned the 

right-of-way. 

If the driver-vehicle unit may not enter the intersection, then each 

intersection path that conflicts geometrically with the vehicle's intersection 

path is flagged to indicate that a driver-vehicle unit no longer has the 

right-of-way to enter the intersection. This procedure is referred to as 

unsetting conflicts. 

5.3.12 Intersection Control Logical Binary Network 

To determine a unique response for each simulated driver (check to see if 

the driver-vehicle unit should choose an intersection path, check to see if 

the driver vehicle unit should be in the influence zone of the intersection, 

follow the uncontrolled logic, follow the yield control logic, follow the stop 

control logic, continue present actions, and check intersection conflicts), a 

logical binary network fbr intersection control has been developed for use in 

SIMPRO (see Fig 5.15). This network contains logical independent and logical 

dependent attributes. The logical. independent attributes are questions to 

which there is a true or a false answer. While there can be one or more true 

or false branches leading into each logical independent attribute, there can 

be only one true branch and one false branch leading from each logical 

independent attribute. The logical dependent attributes define a response for 

the driver-vehicle unit, and, while there can be one or more true or false 

branches leading into each logical dependent attrijute, no true or false 

branch can lead from a logical dependent attribute. 
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The traffic simulation processor maintains current values for all logical 

independent attributes in the network and executes a special logic routine 

generated by COL EASE to determine the appropriate value for the logical 

dependent attributes. A logical dependent attribute may be true, false, or 

both true and false if one or more of the branches leading into the logical 

dependent attribute is true and one or more of the branches leading into the 

logical dependent attribute is false. Only one logical dependent attribute 

may be true in the network (or true and false). The traffic simulation 

processor checks the logical dependent attributes to determine which is true 

(or true and false) and then the appropriate action is then initiated. 

COLEASE is described in more detail in Chapter 6. 

5.3.13 Simulation Of A Pre-timed Signal Controller 

Before simulating a pre-timed signal controller, the phase number, the 

phase sequence, the duration of each signal interval, and the signal 

indications for each inbound lane for each signal interval must be defined by 

input information. At the start of the simulation process, SIMPRO begins in 

the first signal interval (analogous to cam stack position 1 in a conventional 

controller) and sets the time into the signal phase, TP, equal to zero and the 

time remaining in the signal interval, TR, equal to the duration of the first 

signal interval. 

Subprogram PRESIG simulates pre-timed signal controllers and determines 

the order in which signal intervals are to be displayed. At the end of each 

si~ulation time increment, the time into the signal phase, TP, is incremented 

by one time increment, the time remaining in the signal interval, TR, is 

decremented by one time increment, and the previous signal interval (cam stack 

position) is set to the current signal interval. As long as the time 

remaining in the signal interval, TR, is greater than zero, the signal remains 

in the same interval. When the time remaining in the signal interval becomes 

less than or equal to zero, the current signal interval (cam stack position), 

ICM1PC, is incremented by one (if it is then greater than the number of 

intervals in the signal cycle, it is set equal to one), the current signal 

phase, ICPHAS, is set to the signal phase for the new signal interval, the 
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time into the signal phase, TP, is set equal to zero, and the time remaining 

is the signal interval, TR, is set equal to the duration of the new signal 

interval (cam stack position). 

5.3.14 Simulation Of An Actuated Signal Controller 

For simulating semi-actuated and full-actuated signal controllers, the 

user must define (1) the phase number, (2) the permissible phase sequence, 

(3) the signal indications which will be displayed to each inbound lane during 

each signal interval, (4) the signal timing information, and (5) the detector 

information. In SIMPRO, the signal timing information needed for simulating 

full-actuated phases is the same as that needed for simulating minor street 

phases under semi-actuated control. Table 5.3 summarizes the information for 

actuated phases and demonstrates the equivalent settings for the main street 

phase for a semi-actuated controller. SIMPRO processes all phases of either a 

semi-actuated or a full-actuated controller in exactly the same way. Certain 

values of intervals and options related to the main street phase are supplied 

internally by the program for a semi-actuated controller, and minimum assured 

green is converted to the initial interval plus the vehicle interval. 

At the start of the actuated signal simulation, SIMPRO begins in the 

first signal phase declared. The simulated cam stack is positioned at the 

starting cam stack position for the signal phase; the time into the signal 

phase, TP, is set equal to zero; and the time remaining in the signal 

interval, TR, is set equal to the initial interval, TIl, plus the vehicle 

interval, TVI, for the signal phase. 

Subprogram ACTSIG simulates all types of actuated signal controllers and 

determines which signal interval should be displayed. At the end of each 

simulation time increment, the time into the signal phase, TP, is incremented 

by one time increment; the time remaining in the signal interval, TR, is 

decremented by one time increment; and the old cam stack position is set to 

the current cam stack position. The signal simulation is then considered in 

three time intervals: (1) the green interval for the signal phase, (2) the 

amber clearance interval for the signal phase, and (3) the all-red clearance 

interval for the signal phase. The simulation starts in the green interval. 
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Table 5.3 Signal Controller Simulator Settings 

INTERV Ai. OR OPTION 

Initial interval 

Vehicle interval 

Amber clearance interval -----­

All-red clearance interval ---­

Maximum extension after demand 

on red ----------------------

Skip phase switch ------------­

Auto-recall switch -----------­

Parent/minor movement option --

Dual left option -------------­

Type of detector connection --­

Number of detectors connected 

to phase --------------------

List of detectors connected 

to phase --------------------

Number of phases which can 

be cleared to directly -----­

List of phases which can be 

cleared to directly ---------

SYMBOL 

TIl 

TVI 

TCI 

TAR 

TMX 

ISKP 

IREC 

IMINOR 

IDUALL 

IANDOR 

NLD 

LLD 

NPHNXT 

LPHNXT 

ACTUATED 

PHASE 

seconds 

seconds 

seconds 

seconds 

seconds 

ON/OFF 

ON/On' 

YES/NO 

YES/NO 

AND/OR 

n 

list 

n 

list 

SEMI-ACTUATED 

MAIN STREET PHASE 

minimum assured green 

o 
seconds 

seconds 

o 
OFF 

ON 

NO 

NO 

N.A. 

o 

N.A. 

n 

list 
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During the green interval, the signal may max-out, gap-out, or continue 

in the current phase. ACTSIG first determines whether there is a demand for 

continuation of the current green phase (denoted as IOOG) by examining all 

positively connected detectors that are associated with the green phase. 

Next, demand on red (denoted as IOOR) is examined. Once any demand on red is 

detected, further checking for IOOR is unnecessary. For example, if demand 

for another signal phase has been previously indicated or if the parent/minor 

phase option is YES, demand on red is present. ACTSIG moves directly to the 

next step in the program. If the current signal phase is for dual left turns, 

the two following phases which permit single left turns along with through and 

right turn movements are not checked for demand on red. 

If there is demand on green, IOOG, and the time into the signal phase, 

TP, is greater than or equal to the initial interval, TIl, the time remaining 

in the signal interval, TR, is set equal to the vehicle interval, TVI. Thus, 

the minimum duration of the actuated phase will be the initial interval plus 

one vehicle interval. When there is a demand on red, IOOR, and the timer for 

end of max, EOM, has not been previously set, then the time for EOM is set 

equal to the maximum of either the time into the signal phase, TP, plus the 

maximum ex tension after demand on red, TMX, or the initial interval, TIl, plus 

the vehicle interval, TVI. If there has not yet been a demand on red, IOOR, 

(the time for end of max EOM has not been set) and the time remaining in the 

signal interval, TR, is less than or equal to zero, the signal phase gaps-out. 

If the time into the signal phase, TP, is greater than the time for end of max 

EOM, the signal maxes-out. If the signal has not gapped-out or maxed-out, the 

signal remains in the current phase. In order to be able to detect actuations 

during the coming simulation time increment, all detectors which are connected 

positively to the current signal phase are reset. 

When the signal gaps-out of the current signal phase, the finder for the 

next signal phase begins searching through the list of phases to which the 

current phase may clear, LPHNXT, to find the first phase in the list with a 

demand. If the current signal phase is any phase other than a dual left, 

(1) the next signal phase with demand is found, (2) the detectors which are 

connected positively to the signal phase are set as not being tripped, and 

(3) end of max is set to the not set condition. 
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If the current signal phase is a dual left phase, a series of checks is 

performed in ~rder to determine whether there is a need to continue either of 

the left turn movements. Minimum assured green CTVI plus TIl) for both single 

left turn phases that may follow must have been satisfied, but it is possible 

that both of these will have been provided during the dual left phase. 

Remaining demand for either single left turn phase must also be satisfied by 

the phase with the larger value for minimum assured green. Based on these 

checks, ACTSIG selects the appropriate succeeding phase. 

Summary statistics regarding the number of gap-outs and the average time 

into the signal phase when the gap-outs occurred are updated if time into the 

simulation is greater than the start-up time specified by the user. 

When the signal maxes-out of the current signal phase, the finder for the 

next signal phase begins searching through the list of signal phases to which 

the current phase can clear, LPHNXT, to find the first phase in the list with 

a demand. If the current signal phase is not a dual left, the next signal 

phase is found. 

If the current signal phase is a dual left, ACTSIG checks to determine 

whether a need exists for continuing either left turn movement. The maximum 

extension after a demand on red must be satisfied for both single left turn 

phases that may follow. If these maximums have been provided by the dual left 

phase, neither of the single left turn phases will be entered; otherwise, the 

single left turn phase with the longer maximum extension after demand on 

red,TMX, will be entered. 

During the traffic simulation time after start-up time, summary 

statistics are accumulated to define the number of max-outs and the average 

time into the phase when the max-outs occurred. If the current phase is not a 

dual left phase and a gap-out or max-out in a dual left phase has not mandated 

that one of the left turn movements continue, ACTSIG searches through the list 

of signal phases to which it is possible to clear, in the specified order, to 

find a phase with demand. Both positively and negatively connected detectors 

are used in determining demand for a phase. A check is also made to ensure 

that non-skippable phases are entered in the specified order. After demand 

has been satisfied on a minor movement phase, control will normally return to 

the parent phase with which the minor movement is associated when no demand is 

present for any phase on the list to which the minor movement phase may clear. 
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After the next signal phase has been found, ACTSIG resets several 

variables in preparation for entering the amber clearance interval. The time 

for end of max, EOM, is changed to a not set condition unless the next· phase 

is a single left turn continuation of a dual left phase. Time remaining in 

the signal interval, TR, is then set to the amber clearance interval, TCI, 

associated with the current signal phase, the appropriate amber indications to 

clear to the next signal phase are selected, and ACTSIG begins processing the 

amber clearance interval. 

For each simulation time increment during the amber clearance interval, 

time into the phase, TP, is incremented by one time increment, the time 

remaining in the signal interval, TR, is decremented by one time increment, 

and the old cam stack position is set to the current cam stack position. When 

the time remaining in the signal interval, TR, becomes less than or equal to 

zero, the time remaining in the signal interval, TR, is set to the all-red 

clearance interval, TAR, (may equal zero) for the current signal phase, the 

cam stack is rotated to the all-red indications, and the signal simulator is 

set for being in the all-red clearance interval. ACTSIG then proceeds to 

process the all-red clearance interval. 

During the all-red clearance interval, the time into the signal phase, 

TP, is incremented by one time increment, the time remaining in the signal 

interval, TR, is decremented by one time increment, and the old cam stack 

position is set to the current cam stack position. When the time remaining in 

the signal interval, TR, becomes less than or equal to zero, the current 

signal phase is set to the next signal phase, the cam stack is rotated to the 

starting cam stack position for the new signal phase, ACTSIG is set as being 

in the succeeding green interval, and the demand on red, IDOR, is set to 

false. In the normal situation, the end of max, EOM, will have been reset to 

not set; therefore, the time into the signal phase, TP, is set equal to zero 

and the time remaining in the signal interval, TR, is set to the initial 

interval for the new signal phase, TIl, plus the vehicle interval for the new 

Signal phase, TVI. 

When proceeding from an all-red clearance interval following a dual left 

phase to a continuing green indication for a single left turn phase, the time 

for end of max, EOM, is reset to reflect the change in the value for maximum 

extension after demand on red, TMX, that is associated with the new single 

left turn. If the minimum assured green has been satisfied, the green 
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interval is checked immediately to see whether the new signal phase has 

gapped-out or max ed-out during the amber or all-red clearance interval of the 

dual left phase. If the minimum assured green has not been satisfied, the 

time remaining in the signal interval, TR, is set to the initial interval, 

TIl, for the new signal phase plus the vehicle interval, TVI, for the new 

signal phase minus the time into the current signal phase, TP. Again, the 

green interval is checked immediately to see whether the new signal phase has 

gapped-out or maxed-out during the amber or all-red clearance interval of the 

dual left phase. 

This actuated signal controller simulator, ACTSIG, can accommodate all 

but volume-density controllers, 

non-standard actuated controllers. 

5.3.15 Sight Distance Restrictions 

mini-computer controllers, and some 

The user defines the coordinates of all critical points needed to locate 

sight obstructions in the intersection area, and the geometry processor 

calculates the distance that is visible between pairs of inbound approaches 

for every 25-foot <7.62-meter) increment along each inbound approach. In 

SIMPRO, subprogram CHKSDR checks sight distance restrictions. Each 

driver-vehicle unit on an inbound approach assumes that it must stop at the 

stop line until it gains the right to enter the intersection. If the inbound 

lane is stop sign controlled or signal controlled, the assumption is made that 

sight distance restrictions are not critical and, therefore, do not need to be 

checked. If adequate sight distance is not available to a unit stopped at the 

stop line, this will not be detected in SIMPRO. 

For vehicles on inbound lanes to an uncontrolled intersection, if there 

are units stopped at a stop line waiting to enter the intersection and the 

inbound driver-vehicle unit being examined is not stopped at the stop line, 

the approaching unit will continue to decelerate to a stop at the stop line 

without checking sight distance restrictions again until it is stopped at the 

stop line or until there are no driver-vehicle units stopped at a stop line. 

This procedure eliminates unnecessary computation and gives the right of way 

to other driver-vehicle units already stopped at the stop line when the 
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intersection is uncontrolled. If there are no sight distance restrictions for 

units on an inbound approach, then intersection conflicts are checked. If 

(1) a driver vehicle unit is on an uncontrolled lane approaching a yield sign 

controlled intersection, (2) the unit is stopped at the stop line, or (3) the 

intersection path of the unit has no geometric intersection conflicts, it is 

assumed that there are no sight distance restrictions. 

The maximum time from the end of the inbound lane that the driver-vehicle 

unit is permitted to begin checking sight distance restrictions, so that it 

may decide to proceed to intersection conflict checking if sight distance 

restrictions are clear, is initially set as three seconds for all 

intersections. This prohibition prevents the unit from gaining the right to 

enter the intersection when it is relatively far away from the intersection 

and thereby unnecessarily affecting the behavior of units on other inbound 

approaches. If the inbound lane is an uncontrolled lane approaching a 

yield-sign controlled intersection, the time is increased by two seconds plus 

the time for the lead safety zone for intersection conflict checking. This 

longer time allows units on the uncontrolled lanes to gain the right to enter 

the intersection ahead of other units on the yield sign controlled lanes. If 

the intersection is uncontrolled, the time is reduced to two seconds. 

In SIMPRO, the time required for the driver-vehicle unit being checked to 

travel to the end of the lane is predicted. If this predicted time is greater 

than the maximum time from the end of the lane that the unit may decide to 

proceed to intersection conflict checking, the unit cannot clear its sight 

distance restrictions, but an intersection control logic timer is set to delay 

further sight distance restriction checking until the unit is closer to the 

intersection. 

The order in which sight distance restrictions are checked by SIMPRO is 

determined by the sequence in which intersection conflicts might occur. The 

sight distance restriction associated with the longest traveling time to an 

intersection conflict is checked first, then other sight distance restrictions 

are checked in descending order of travel time to an intersection conflict. 

This order of checking facilitates early detection of an opportunity to pass 

in front of a vehicle approaching on a sight-restricted lane. Checking 

continues until all inbound approaches which have possible sight distance 

restrictions with the subject inbound approach are cleared. 
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To check sight distance restrictions in SIMPRO, the time required for a 

fictitious driver-vehicle unit, traveling at the speed limit of the approach, 

to travel from a position that is just visible on the inbound approach to the 

point of intersection conflict is predicted. Next, the time required for the 

driver-vehicle unit being examined to travel to the point of intersection 

conflict is predicted. This prediction assumes that the driver-vehicle unit 

under examination has gained the right to enter the intersection and that it 

may accelerate to its desired speed. The desired speed of the following unit 

will be the minimum of the desired speed of the lead unit or that of the 

following unit. If the unit being checked may not safely pass through the 

point of intersection conflict ahead of the fictitious driver-vehicle unit, 

then the unit may not clear its sight distance restriction (see Fig 5.16). An 

intersection control logic timer is set to delay further sight distance 

restriction checking until the unit is closer to the intersection. Otherwise, 

the driver-vehicle unit being checked clears the sight distance restriction 

with the other inbound approach and continues checking other sight distance 

restrictions. 

This procedure ensures that a driver-vehicle unit may safely enter the 

intersection even if a driver-vehicle unit were to appear from behind the 

sight distance restriction just after the decision to enter the intersection 

was made. 

5.3.16 Intersection Conflicts 

The geometry processor calculates the points of intersection conflict 

between all generated intersection paths. This involves the calculation of 

(1) the distance along each intersection path to the intersection conflict and 

(2) the intersection conflict angle. In most other simulation models, either 

large geometric areas are considered, or acceptable gaps are located so that 

vehicles can travel through the intersection. In this model, the potential 

presence of another vehicle at a point of intersection conflict is used to 

determine whether an approaching vehicle can proceed safely through the 

intersection or not. 
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In SIMPRO, subprogram CHKCON checks critical intersection conflicts. 

Each driver-vehicle unit bases its decision to ent~r the intersection on 

whether or not it may safely pass through all points of intersection conflict 

either in front of or behind other driver-vehicle units already in the 

intersection or already committed to entering the intersection. Every 

approaching driver-vehicle unit assumes that it must stop at the stop line 

until it gains the right to enter the intersection. 

Several special situations are evaluated by CHKCON to determine whether 

detailed checking of potential intersection conflicts with other vehicles is 

necessary. First, a driver-vehicle unit may enter the intersection if there 

are no geometric intersection conflicts along the intersection path of the 

unit. Second, the maximum time from the end of the inbound lane that the 

driver-vehicle unit is permitted to gain the right to enter the intersection, 

if intersection conflicts are clear, is initially set as three seconds for all 

intersections. This prohibition prevents the unit from gaining the right to 

enter the intersection when it is relatively far away from the intersection 

and will thereby possibly adversely affect the behavior of units on other 

inbound approaches. If the inbound lane is an uncontrolled lane approaching a 

yield sign controlled intersection, the time is increased by two seconds plus 

the time for the lead safety zone for intersection conflict checking. This 

longer time allows units on the uncontrolled lanes to gain the right to enter 

the intersection ahead of other units on the yield sign controlled lanes. If 

the intersection is uncontrolled, the time is reduced to two seconds. In 

SIMPRO, the time required for the driver-vehicle unit being checked to travel 

to the end of the lane is predicted. If this predicted time is greater than 

the maximum time from the end of the lane that the unit may decide to proceed, 

the unit cannot clear its intersection conflicts, but an intersection control 

logic timer is set to delay further intersection conflict checking until the 

unit is closer to the intersection. Third, if no driver-vehicle unit in the 

system has set a flag which indicates to the driver-vehicle unit being checked 

that some other unit has the right-of-way through the intersection, the unit 

being checked may enter the intersection. 

For the general case of in tersec tion conflic t checking, CHKCON determines 

whether the driver-vehicle unit being examined can safely pass through the 

intersection. Each geometric intersection conflict, which has been previously 

fla~ged to indicate that another driver-vehicle unit has the right-of-way, is 
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checked. An attribute of the intersection conflict is the next driver-vehicle 

unit on the intersection path, or dedicated to the intersection path, whose 

rear bumper has not cleared the intersection conflict, ICONV. There may be 

more than one unit on the intersection path, or dedicated to the intersection 

path, whose rear bumper has not cleared the intersection conflict. An 

attribute of the VEHD entity is the entry number of the driver-vehicle unit to 

the rear which has to clear the same intersection conflict, NORC. The last 

driver-vehicle unit in the linked list has NORC equal to zero. 

In CHKCON, the time, TCM, required for the driver-vehicle unit being 

checked, ME, to tbavel to the intersection conflict is predicted. This 

prediction assumes that the unit, ME, has gained the right to enter the 

intersection and thus may accelerate to its desired speed. If the 

acceleration/deceleration logic for the driver-vehicle unit, ME, indicates car 

following, the desired speed will be the minimum of the desired speed for the 

lead driver-vehicle unit and the desired speed of ~lli. The time, TCH, required 

for the driver-vehicle unit with the right-of -''lay, HIM, to travel to the 

intersection conflict is predicted. CHKCON builds safety zones (see Fig 5.17) 

before and after the predicted arrival time, TCH, of the driver-vehicle unit 

with the right-of-way, HIM. The front safety zone is made up of (1) the time, 

TPASSM, required for the driver-vehicle unit being checked, ME, to pass 

through the point of intersection conflict ahead of the driver-vehicle unit 

with the right-of-way, HIM, (2) half the judgement error, (3) the time 

specified by the user for the lead safety zone for intersection conflict 

checking, TLEAD, minus the average perception-reaction time, APIJR, and 

(4) the perception-reaction time for the driver being checked, ME. The rear 

safety zone is made up of (1) the time, TCH, required for the driver-vehicle 

unit with the right-of-way, HIM, to pass through the point of intersection 

conflict (2) the time specified by the user for the lag safety zone for 

intersection conflict checking, TLAG, minus the average perception-reaction 

time, APIJR, (3) the perception-reaction time for the driver being checked, 

ME, and (4) half the judgement error. 

Finally, if the predicted time of arrival at the intersection conflict, 

TCM, for the driver-vehicle unit being checked, ~E, is (1) less than or equal 

to the predicted time of arrival at the intersection conflict, TCH, for the 

driver-vehicle unit with the right-of-way, HIM, minus the time for the front 

safety zone, or if TCM is (2) greater than or equal to the predicted time of 
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arrival at the intersection conflict, TCH, for the driver-vehicle unit with 

the right-of-way, HIM, plus the time for the, rear safety zone, then the 

driver-vehicle unit being checked, ME, does not have an intersection conflict 

with the driver-vehicle unit with the right-of-way, HIM, and continues 

checking intersection conflicts. Otherwise, the driver-vehicle unit with the 

right-of-way, HIM, blocks the entry of the driver-vehicle unit being checked, 

ME, into the intersection but the intersection control logic timer is set to 

resume intersection conflict checking when the driver-vehicle unit being 

checked, ME, should be able to clear the rear of the safety zone. 

If the driver-vehicle unit being checked, ME, can clear the 

driver-vehicle unit with the right-of-way, HIM, by passing through the point 

of intersection conflict before the driver-vehicle unit with the right-of-way, 

HIM, then any remaining driver-vehicle units which are to pass through the 

same intersection conflict after the driver-vehicle unit with the 

right-of-way, HIM, need not be checked because each of them will arrive at the 

point of intersection conflict later than the driver-vehicle unit with the 

right-of-way, HIM. If ME can pass behind HIM, the next driver-vehicle unit 

following HIM that will pass through the same point of intersection conflict 

must must then be checked. 

When all intersection conflicts are cleared, the driver-vehicle unit 

being checked, ME, may enter the intersection with the right-of-way and does 

not have to check sight distance restrictions or intersection conflicts again. 

The driver-vehicle unit being checked, ME, is assured of a safe path through 

the intersection. The driver-vehicle unit being checked, ME, will set a flag 

for each intersection path with which his intersection path conflicts 

geometrically, thereby indicating that a driver-vehicle unit has gained the 

right to enter the intersection and has the right-of-way. 

As a driver-vehicle unit travels through the intersection, each 

intersection conflict that the rear bumper of the unit passes is cleared for 

this unit by subprogram CLRCON. The variable that defines the next 

driver-vehicle unit that has not cleared the intersection conflict is set to 

the entry number for the next unit following HIM which must also pass through 

the same point of intersection conflict. If there are no more driver-vehicle 

units which need to pass through the intersection conflict, then the 

intersection conflict flag is cleared for the other intersection path i~volved 

in the intersection conflict. 
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Several refinements to the intersection conflict checking algorithm are 

necessary to more accurately predict a safe passage through the intersection. 

First, CHKCON checks to see whether the driver-vehicle unit between the last 

unit checked and the next unit to be checked may enter the intersection. If 

one of these units may not enter the intersection, then it will block the next 

unit 

unit 

to be checked; 

to be checked. 

thus there can be no intersection conflict with the next 

Second, when the time, TCH, required for the 

driver-vehicle unit with the right-of-way, HIM, to travel to the point of 

intersection conflict becomes greater than 5 seconds, the ability of ME to 

predict this time accurately decreases; therefore, a judgement error time, 

ERRJUD, in seconds is defined as 

ERRJUD = PIJR*(TCH-5.0)/7.0 (5.50) 

where PIJR is the perception-reaction time in seconds for ME. Finally, if the 

unit being checked, ME, will be traveling slower than the unit with the 

right-of-way, HIM, at the intersection conflict, then the time for the front 

safety zone is MAXed with the time required for the driver-vehicle unit with 

the right-of-way, HIM, to reduce its speed to the speed of the driver-vehicle 

unit being checked, ME, multiplied by the cosine of the intersection conflict 

angle and plus the perception-reaction time for the driver being checked, ME. 

If the unit being checked, ME, will be travel ing faster than the unit with the 

right-of-way, HIM, at the intersection conflict, then the time for the rear 

safety zone is MAXed with the time required for the unit being checked, ME, to 

reduce its speed to the speed of the unit with the right-of-way, HIM, 

multiplied by the cosine of the intersection conflict angle and plus the 

perception-reaction time for the unit being checked, ME. 

5.3.17 Lane Changing 

The traffic simulation processor distinguishes between two types of lane 

changes: (1) the forced lane change, wherein the currently occupied lane does 

not provide an intersection path to the desired outbound approach, and (2) the 

optional lane change, wherein less delay can be expected by changing to an 
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adjacent lane which also connects to the desired outbound approach. Field 

studies utilizing time-lapse photography served as the basis for the 

development of equations for acceptable lead and lag gaps for a lane-change 

maneuver. The time required to complete a lane-change maneuver has been found 

to be 3 to 4 seconds for any reasonable speed. Initial development of the 

lane-changing decision and lane-changing geometry is described by Fett 

(Ref 36) 

In SIMPRO, subprogram LCHDES controls the lane changing decision process 

and subprogram LCHGEO calculates the geometry for the lane-change maneuver. 

The need or the desirability for a lane change is based on an attribute of the 

VEHD entity named LEGAL. This attribute defines whether (1) the turn is legal 

from the approach but not from the current lane, thus mandating a lane change, 

or (2) the turn is legal from the current lane, thus an optional lane change 

should be investigated. 

When lane changing is forced, a check is made to determine whether an 

alternate lane is geometrically available adjacent to the current position of 

the driver-vehicle unit being examined and is continuous to the intersection 

ahead. In the case of the alternate lane not being accessible from the 

current position, but available ahead, one of the two following conditions 

exists: (1) there is a lead driver-vehicle unit in the alternate lane ahead 

(LCHDES sets the lane-change acceleration/deceleration slope of the unit under 

examination to car-follow the unit in the alternate lane); or (2) there is 

not a lead driver-vehicle unit in the alternate lane ahead, (LCHDES sets the 

lane-change acceleration/deceleration 

stop at the end of the alternate lane). 

slope of the unit under examination to 

If the end of the alternate lane has 

already been passed by the driver-vehicle unit when the check for an available 

alternate lane is made, then the unit is forced to choose one of the available 

intersection paths leading from the currently occupied lane and abandon the 

original destination. Otherwise, the driver-vehicle unit checks for an 

acceptable gap for lane changing. 

When the lane change is optional, LCHDES delays further lane-change 

checking until the driver-vehicle unit is dedicated to an intersection path. 

If there are no lane alternatives adjacent to the current lane, the lane 

change status flag, ISET, is set to indicate that lane-change checking need 

not be executed any more. If the driver-vehicle unit is the first unit in the 

currently-occupied lane and its intersection path does not change lanes within 
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the intersection, the lane-change status flag, ISET, is set to indicate that 

lane changing need not be checked further. The expected delay is then 

computed for the driver-vehicle unit's current lane as well as for its 

alternate lane(s). If less delay can be expected when the driver-vehicle unit 

changes into one of the alternate lanes, that alternate lane is checked for 

the presence of acceptable gaps; otherwise, LCHDES waits until the next time 

increment to check for lane changing. If there is an acceptable gap in the 

alternate lane, then the driver-vehicle unit is logged into the new lane, and 

the lane-change maneuver is initiated. 

Expected queue delay is determined by subprogram DELAY. 

number of driver-vehicle units on the inbound approach 

The equivalent 

in front of the 

driver-vehicle unit being checked is determined for the current lane, for the 

lane immediately to the left (if available), and for the lane immediately to 

the right (if available). A penalty is added to the actual number of vehicles 

in the queue based on the turn code of the last driver-vehicle unit in the 

queue and based also on the turn code of the unit being checked. Table 5.4 

summarizes these penalties. 

In the case of a stopped unit blocking the portion of the lane ahead of 

it, the number of vehicles in the queue ahead is artificially computed as the 

number of units that would occupy the remaining distance to the end of the 

lane. If the intersection path of the unit being examined changes lanes 

within the intersection, the number of vehicles in the queue is increased by 

10 to make the use of this lane less desirable as the unit will have to yield 

to other traffic from the same inbound approach when it uses this intersection 

path. 

In SIMPRO, subprogram GAPACC checks for acceptable lead and lag gaps and 

controls the maneuvering of the driver-vehiclelnit to match the gaps. Field 

observations of lane-changing maneuvers indic2ted minimum values for 

acceptable lead and lag gap distances, and a correlation study by Fett 

(Ref 36) related an assumed safe car-following distance with these values. 

This study revealed that a factor, FACT, with a value equal to 2.0, was needed 

to adjust computed distances to match observed distances with only a small 

probability of rejection error. In order to si~u13te the variability in 

driver and vehicle characteristics, FACT is multipli~d by the driver 

operational factor and by the vehicle operational factor in subprogram GAPACC. 

The acceptable lead gap, ALEGAP, in feet is 
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Turning 
Movement 
Type of 

Last 
Driver-
Vehicle 
Unit in 

the Queue 

TABLE 5.4. LANE CHANGING TURN CODE PENALTIES 
FOR CALCULATING EXPECTED DELAY 

Turning Movement Type 
of Driver-Vehicle Unit Being Checked 

U-Turn Straight-
and Through 

Left Turn Movement Right Turn 

U-Turn 
and 1 4 4 

Left Turn 

Straight 
Through 0 0 0 

Movement 

Right Turn 2 2 1 
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ALEGAP = (2.0+0.7*VI+(ABS(RESPLE)*RESPLE*O.05))/FACT (5.51) 

where VI is the initial velocity of the driver-vehicle unit in ftlsec and 

RESPLE is the relative speed of the lead driver-vehicle unit (VI minus the 

speed of the lead unit) in ftlsec. This acceptable lead gap is MAXed with the 

minimum gap of 8 feet (2.4384 meters) divided by the driver operational 

factor. The acceptable lag gap, ALAGAP, in feet is 

ALAGAP = (4.0+1.4*VI+(ABS(RESPLA)*RESPLA*O.10))/FACT (5.52) 

where VI is the initial velocity of the driver-vehicle unit in ft/sec and 

RESPLA is the relative speed of the lag driver-vehicle unit (the speed for the 

lag driver-vehicle unit minus VI) in ft/sec. This acceptable lag gap is also 

MAXed with the minimum gap of 8 feet (2.4384 meters) divided by the driver 

operational factor. These equations may be replaced if the user developes 

more accurate or reliable estimates of the acceptable lead and lag gaps for 

lane changing. The remainder of subprogram GAPACC and the traffic simulation 

model should perform properly. 

Several conditions are investigated to determine whether the 

driver-vehicle unit under examination should accept or reject the currently 

adjacent gap. If (a) the lag driver-vehicle unit in the adjacent lane is 

almost stopped or (b) the actual lead gap is not acceptable and the lead 

driver-vehicle unit is almost stopped, then (1) the gap is rejected and (2) if 

the lane change is forced, then the lane-change acceleration/deceleration 

slope of the unit under examination is set to car-follow the lead 

driver-vehicle unit in the adjacent lane or to stop in half the remaining 

distance to the end of the adjacent lane, whichever is critical. 

If both the currently-available lead and lag gaps are acceptable, then a 

check is performed to ensure that the lead gap is adequate for the 

lane-changing unit to decelerate to the speed of the lead driver-vehicle unit 

in the adjacent lane and to ensure that the lag gap is adequate for the lag 

driver-vehicle unit in the adjacent lane to decelerate to the speed of the 

lane-changing unit. When these conditions exits, the lane-change flag is set 

to initiate the lane-change maneuver. 
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If the available lead gap is not acceptable and the available lag gap is 

acceptable, then (1) the gap is rejected and (2) the lane-change 

acceleration/deceleration slope of the unit under examination is set to 

car-follow the lead driver-vehicle unit in the adjacent lane and, if the lane 

change is forced, then the lane-change acceleration/deceleration slope of the 

unit under examination is set to the minimum of its current value or the value 

required to stop the unit under examination in half the remaining distance to 

the end of the adjacent lane. If the available lag gap is not acceptable and 

the available lead gap is acceptable, a check is made to determine whether the 

unit can accelerate for the gap and change lanes ahead of the lag unit. Very 

strict conditions are set for allowing a driver-vehicle unit to accelerate for 

the gap because, if the available lead gap subsequently becomes unacceptable, 

the gap is accepted unconditionally. If neither the available lead gap nor 

the available lag gap is acceptable, (1) the gap is rejected and (2) if the 

lane change is forced, the lane-change acceleration/deceleration slope of the 

unit under examination is set to car-follow the lead driver-vehicle unit in 

the adjacent lane or to stop in half the remaining distance to the end of the 

lane, whichever is critical. 

In SIMPRO, subprogram CHGMLN logs the driver-vehicle unit out of the 

current lane, sets the appropriate acceleration/deceleration logical dependent 

attributes for the driver-vehicle unit, logs the unit into the new lane, 

initializes the parru~eters for the lane change-geometry, unsets the 

intersection conflicts for the unit's old intersection path, finds an 

intersection path for the unit based on the new lane, and resets the unit's 

intersection control logical independent attributes for the new lane. 

Generally, the value for lane-change acceleration/deceleration slope is 

zero for all computations. If, however, GAPACC has set a non-zero value for 

this slope so that a driver-vehicle unit may maneuver to accept a gap, the 

value thus set is substituted for the normal acceleration/deceleration slope 

if it is less than the normal slope. 

Verification of the lane-change maneuver was accomplished by examining 

debug prints of numerous test cases for lane changing, including both forced 

and optional. 
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5.3.17.1 Lane Change Geometry 

In SIMPRO, subprogram LCHGEO computes the new lateral position for a 

lane-change maneuver using a cosine curve. An attribute of the VEHD entity is 

a biased value for the current lateral position (denoted LATPOS) in feet and a 

biased value for the total lateral distance for the lane change (temporarily 

uses attribute LEGAL) in feet. Each time increment, the total length of the 

lane-change maneuver, XTOT, in feet is defined as 3.5 seconds times the 

current velocity of the driver-vehicle unit divided by both the driver 

operational factor, DCHAR, and the vehicle operational factor, VCHAR. The 

current position on the cosine curve, XOLD, is given by 

XOLD = XTOT*ACOS(2.0*ABS(POSOLD)/TLDIST-l.0)/PI (5.53) 

where PO SOLD is the current lateral position in feet and TLDIST is the total 

lateral distance for the lane change in feet. 

calculations. PO SOLD starts at TLDIST and 

Figure 5.18 illustrates these 

decreases to zero when the 

lane-change maneuver is completed. The new position on the cosine curve, 

XNEW, in feet is calculated as the old position on the cosine curve, XOLD, 

plus the driver-vehicle unit's current velocity in ft/sec times one time 

increment. If the new position on the cosine curve, XNEW, is greater than 95 

percent of the total length of the lane-change maneuver, XTOT, the lane-change 

maneuver is completed. The new lateral position for the lane change, POSNEW, 

in feet is 

POSNEW = 0.5 wTLDIST-(1.0+COS(PI*XNEW/XTOT)) (5.54) 

If this new lateral position for the lane change, rOSNEW, is less than 0.3 

feet (0.09144 meters), then the lane-change maneuver is completed. 

5.3.18 Choosing An Intersection Path 

In SIMPRO, soon after a unit enters the system, a check is made to 

determine whether an intersection path connects the currently-occupied lane 
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with the unit's desired outbound approach, NOBAPD. The unit is immediately 

dedicated to using the available intersection path and will continue through 

the intersection on this intersection path unless an optional lane change 

subsequently allows the unit to use another inbound lane. A driver-vehicle 

unit will abandon its desired outbound approach, NOBAPD, and choose an 

available intersection path leading from the currently occupied lane when a 

forced lane-change maneuver can not be executed before the unit is within 2 

vehicle lengths of the end of the inbound lane. 

Subprogram PATHF chooses an intersection path for each driver-vehicle 

unit. The selection of an intersection path may be forced or not, depending 

upon a parameter to the subprogram, IFORCE. The currently-occupied lane is 

checked to determine whether any intersection paths connect to this lane. If 

intersection paths are available, each is checked to determine whether it 

leads to the unit's desired outbound approach, NOBAPD. If there is no 

intersection path available, the adjacent lane(s) is checked to determine 

whether any appropriate intersection path is available. 

To determine the acceptability of the intersection path(s) from the 

currently-occupied inbound lane, the forced intersection path is initialized 

to the first intersection path on the list of intersection paths leading from 

the currently-occupied lane. If there is no intersection path leading from 

the currently-occupied inbound lane, then the adjacent lane(s) on the inbound 

approach is checked to determine whether it has an acceptable intersection 

path; otherwise, the intersection paths leading from the currently-occupied 

inbound lane are checked. The forced intersection path is initialized to the 

first intersection path leading from the current inbound lane. If an 

intersection path on the list of intersection paths for the lane is an OPTION1 

intersection path (see Section 3.2.5 and Section 3.3.12), then the unit is not 

allowed to choose it. If the linking outbound approach, LOBAP, for the 

intersection path is equal to the desired outbound approach, NOBAPD, for the 

driver-vehicle unit, then the unit dedicates itself to using this connecting 

intersection path. If the turn code for the intersection path is straight, 

then the intersection path is set as the forced intersection path. If none of 

the intersection paths leading from the driver-vehicle unit's current lane go 

to the desired outbound approach, NOBAPD, and if the driver-vehicle unit is 

being forced to choose an intersection path, then the unit dedicates itself to 

using the forced intersection path; otherwise, each available adjacent lane 
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on the inbound approach is checked to determine whether any intersection path 

is appropriate for the unit. Then, the lane change flag is set to indicate a 

forced lane change in the direction of the inbound lane that has an 

intersection path leading to the driver-vehicle unit's desired outbound 

approach. 

5.3.19 Collisions 

Occasionally, rear end collisions occur during traffic simulation. Most 

of these are minor impact types that may occur on the approaches or in the 

intersection. If one driver-vehicle unit runs into the rear of another unit, 

the former unit is automatically positioned by SIMPRO 6 feet (1.8288 meters) 

behind the latter unit and the speed of the rear unit is set to the minimum of 

its current speed, its desired speed, or 95 percent of the lead unit's speed. 

Detailed information is printed about the current status of the units that 

were involved in collisions and the traffic simulation continues. The 

relative velocity, RELVEL, in ft/sec and the relative position, RELPOS, in 

feet can be interpreted to indicate the severity of the collision. 

In SIMPRO, driver-vehicle units within the intersection are furnished 

information only about other driver-vehicle units on the same intersection 

path. Therefore, only rear-end collisions on the same intersection path are 

detected by the traffic simulation processor. Other types of collisions that 

may possibly occur in the intersection are not detected by SIMPRO as the 

intersection conflict checking procedure is designed to prevent collisions 

with vehicles on other intersection paths. 

5.3.20 Effects Of The Driver Operational Factor 

Each driver is characterized in SIMPRO according to his relative 

aggressiveness and expected driving skill by an input variable called the 

driver operation factor, DCHAR. This operational factor directly affects 

(1) the maximum acceleration/deceleration slope, (2) maximum acceleration to 
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be used in accelerating to desired speed, (3) deceleration to the speed of the 

leading vehicle when checking intersection conflicts, (4) deceleration slope 

used in calculating the time (and distance) required to decelerate to the 

desired speed for the intersection path, (5) maximum deceleration to be used 

in decelerating to a stop, (6) lane-changing turn code penalties, (7) the 

lane-changing factor, which in turn indirectly affects the acceptable lead and 

lag gaps, (8) the acceleration that a driver-vehicle unit uses when 

accelerating to maneuver into an acceptable lane-change gap, (9) maximum 

deceleration slope used when calculating the log-in velocity, and 

(10) deceleration used to separate a following driver-vehicle unit from the 

leading unit when the former unit is following the faster lead unit too 

closely. 

The driver operational factor indirectly affects (1) car-following 

distance, (2) minimum lane-change gap length, (3) the maximum deceleration 

used in the decelerate~to-a-stop calculations when making the amber-go or 

amber-stop decision. 

5.3.21 Effects Of The Vehicle Operational Factor 

A factor called VCHAR is used in SIMPRO to characterize the relative 

maneuverability of each vehicle. This vehicle operational factor is an input 

variable that directly affects the lane-changing factor, which in turn 

indirectly affects the acceptable lead and lag gaps. It also indirectly 

affects the time used to complete a lane-change maneuver. 

5.3.22 Effects Of Perception-Rction Time 

Perception-reaction time, PIJR, in seconds is used in SIMPRO (1) as the 

time interval in which acceleration/deceleration of a driver-vehicle unit is 

increased to its new acceleration value when the old acceleration/deceleration 

is less than the new acceleration, (2) as the time for determining whether a 

driver-vehicle unit stopped at the stop line should yield to another unit 



224 

stopped at the stop line, (3) as the time for reducing 

acceleration/deceleration to zero when the driver-vehicle unit is between 1.0 

and 1.2 times the car-following distance behind a slower unit, (4) as the 

basis for the hesitation of a driver-vehicle unit stopped at the stop line in 

non-signalized lanes, (5) as a factor in determining the judgment error when 

checking for intersection conflicts, (6) as a component of the front and rear 

safety zones when checking intersection conflicts, (7) as a component of the 

front safety zone when checking sight distance restrictions, (8) as the 

perception-reaction time used when initiating deceleration to a stop, (9) as 

the time for determining whether deceleration to a stop is imminent, (10) as a 

factor for determining whether a driver-vehicle unit is in the influence zone 

of the intersection, (11) as the perception-reaction time used to delay 

acceleration/deceleration logic after the driver-vehicle unit stops, and 

(12) as a component of the delay to the first driver-vehicle unit in the queue 

when the signal indication changes to green. 

5.3.23 Summary Statistics 

Numerous summary statistics are gathered, reported, and optionally 

punched by the traffic simulation processor. Individual performance 

statistics are gathered about each driver-vehicle unit as it is processed 

through the simulated intersection system. These statistics are accumulated 

during simulation time according to the inbound approach and turn code (U-turn 

and left turn, straight-through-movement, or right turn) of each 

driver-vehicle unit and are summed as each unit logs out of the traffic 

simulation system. Statistics that result from the performance of individual 

driver-vehicle units are (1) total delay, (2) queue delay, (3) stopped delay, 

(4) delay below XX miles per hour, (5) vehicle miles of travel, (6) travel 

time, (7) average velocity, (8) average desired speed, (9) maximum 

acceleration, and (10) maximum deceleration. The user may request that the 

individual performance statistics related to any selected driver-vehicle unit 

be printed. Other statistics that are gathered and reported include (1) the 

number of driver-vehicle units processed for each inbound approach and turn 

code, (2) the maximum and average queue length for each inbound approach and 
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turn code, (2) the maximum and average queue length for each inbound lane, 

(3) the number of driver-vehicle units eliminated from each inbound approach 

because the entry lane was full, (4) the number of collisions for each inbound 

approach, (5) the average of the log-in speed divided by the desired speed for 

each inbound approach, (6) the number of driver-vehicle units processed during 

start-up time, (7) the number of driver-vehicle units in the traffic 

simulation system at the end of simulation, and (8) the average and maximum 

number of driver-vehicle units in the traffic simulation system during each 

time increment. Several statistics are also gathered about the performance of 

actuated signal controllers: (1) the number and average time into the phase 

for max-outs and (2) the number and average time into the phase for gap-outs. 

Since computational efficiency is a primary concern, selected indicators 

are included in the summary statistics. For CDC and IBM computers, the 

following statistics are gathered: (1) the initialization computer time, 

(2) the simulation computer time and the real-time to computer-time ratio, 

(3) the summary computer time, (5) the total computer time for the traffic 

simulation, (6) the vehicle-seconds of simulation for computer time, (7) the 

number of vehicle updates per computer time, and (8) the cost associated with 

the initial, start-up, simulation, summary, and total computer times. 

Total delay is defined as the actual travel time through the simulated 

intersection system minus the travel time that would have been required had 

the driver been able to maintain his desired speed throughout the system. The 

shaded area in Fig 5.19 illustrates the conceptualization of total delay. 

Total delay is thus the time lost because the intersection exists, controls 

are in effect, traffic congestion occurs, and acceleration and deceleration 

maneuvers are necessary. 

Queue delay is the amount of time that the driver-vehicle unit is in a 

queue waiting to enter the intersection. This queue can form only at the stop 

line on an inbound approach. Queue delay is a significant statistic at 

unsignalized intersections because it includes move-up time. The technique 

that is used in SIMPRO to compute queue delay involves the following 

operations. A variable which defines whether a queue exists, INQUE, is 

initialized to true at the beginning of the processing of vehicles on an 

inbound lane. If a driver-vehicle unit has already begun accumulating queue 

delay, it continues to experience queue delay until it enters the 

intersection, and its presence maintains the queue. If the queue has not been 
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previously broken, the driver-vehicle unit under examination is traveling less 

than 3.0 ft/sec (0.9144 m/sec), and the driver-vehicle unit is less than a 

specified distance, XQDIST (see Section 5.2), from the stop line (for the 

first driver-vehicle unit in the lane) or from the lead driver-vehicle unit, 

the queue is considered to be maintained; otherwise, the queue is said to be 

broken by this unit. For each time increment that the driver-vehicle unit is 

to accumulate queue delay, a counter is incremented by one. When the 

driver-vehicle unit logs out of the traffic simulation system, this counter is 

multiplied by the time increment to calculate queue delay. 

Stopped delay is defined as the amount of time that a driver-vehicle unit 

is stopped in a queue waiting to enter the intersection. Stopped delay is a 

significant statistic at signalized intersections because it does not include 

move-up time to the intersection after the signal turns green. In SIMPRO, if 

the driver-vehicle unit is in a queue and its velocity is less than 3 ft/sec 

(0.9144 m/sec), a counter is incremented by one. When the driver-vehicle unit 

logs out of the traffic simulation system, this counter is multiplied by the 

time increment to calculate stopped delay. 

The delay below XX miles per hour, where the value for XX is read from 

card input directly to SIMPRO (see Section 5.2), is defined as the amount of 

time the driver-vehicle unit is traveling at a velocity less than or equal to 

XX miles per hour anywhere within the traffic simulation system. 

5.3.24 Compile Options 

SIMPRO has numerous compile options which can activate (1) printing of 

individual driver-vehicle trace information for outbound approaches, 

intersection paths, and inbound approaches; (2) plotting of position, 

velocity, and acceleration versus time for outbound approaches, intersection 

paths, and inbound approaches; (3) printing of subprogram names entered to 

update a driver-vehicle unit for outbound approaches, intersection paths, and 

inbound approaches; (4) echo printing of all input; (5) general debug 

printing; (6) production of a page plot of position; (7) printing 

intermediate statistics, (8) debug printing for actuated signal controller, 

(9) printing the time each driver-vehicle unit enters the intersection, 
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(10) CDC computer dependent code; and (11) IBM computer dependent code. 

These compile options are not mandatory, except Option 10 or Option 11. These 

options are implemented in SIMPRO by having a "c" in Column and a unique 

character in Column 2, followed by the rest of the statement. Normally, this 

statement is considered as a COMMENT statement by a FORTRAN compiler; 

however, if the user substitutes two blanks for the "C" in Column 1 and the 

unique character in Column 2, the FORTRAN compiler will consider the statement 

as a normal statement. A list of the unique characters and their function is 

provided in subprogram EXEC. 

5.4 Output 

Output from the traffic simulation processor includes print and punch. 

The printed output includes (1) a listing of the title from the geometry 

processor magnetic tape, (2) a listing of the title from the driver-vehicle 

processor magnetic tape, (3) a listing of the title from/the card input 

directly to the traffic simulation processor, (4) the echo print of the card 

input directly to the traffic simUlation processor, (5) information about any 

driver-vehicle unit forced to change desired outbound approach because it was 

unable to change into a lane which provides an intersection path to the 

original desired outbound approach, (6) information about any collisions, 

(7) information about any driver-vehicle units eliminated from the traffic 

simulation because the entry lane was full, and (8) summary statistics. If 

there is an input error, a diagnostic message will be printed and SIMPRO will 

stop. There are 82 input errors detected and the STOP numbers range from 801 

to 882. If there is an execution error detected by SIMPRO, a diagnostic 

message will be printed followed by a print of selected program variables. 

There are 21 execution errors detected (they are all considered "can't get 

here hal ts") and the STOP numbers range from 901 to 921. Several execution 

errors indicate problems in the input which cannot be detected until after 

computations commence. 

The summary statistics can be printed according to turn code (if 

requested) and then summarized for the inbound approach (if requested). Next, 

the summary statistics are printed for the intersection. Following this is a 
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summary of the actuated signal controller operation (if the intersection is 

actuated signal controlled) and then the computer time statistics. 

Delays are reported as (1) the number of vehicle-seconds of delay for 

those driver-vehicle units incurring the delay, (2) the number of units 

incurring the delay, (3) the average delay for the units incurring the delay, 

and (4) the overall average delay for all the driver-vehicle units. Also 

reported are (1) the total and average vehicle-miles of travel, (2) the total 

and average travel time, (3) the number of driver-vehicle units processed and 

the equivalent hourly volume of traffic, (4) the average desired speed, 

(5) the time and the space mean speed, (6) the average maximum uniform 

acceleration and deceleration, (7) the average and maximum queue lengths for 

each inbound lane, (8) the average ratio of entry speed to desired speed, 

(9) the number of driver-vehicle units eliminated from the simulation because 

the entry lane was full, and (10) the number of collisions. 

The punched output is optional and includes the titles for the run, the 

traffic simulation processor options, and related summary statistics. The 

structure of the punched output is given in Table 5.5. 

5.5 Verification 

Verification of the traffic simulation processor was accomplished by 

independently testing selected subprograms to ensure proper performance; 

review of position, velocity, and acceleration versus time plots; analysis of 

debug prints of intermediate results; and examination of the interactive 

graphics display of the movement of driver-vehicle units through the traffic 

simulation system. The interactive graphics display utilized a CDC 252 

display system which had a 4095-word display buffer, a 60-times per second 

refresh rate, a 1024 by 1024 first quadrant coordinate system, a light pen, 

and a standard keyboard entry device (see Fig 5.20 and Fig 5.21). Each 

driver-vehicle unit was individually characterized, had blinking left and 

right turn signals, and had brake lights. The user could interrupt the 

traffic simulation at any time increment and investigate problems. 
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Table 5.5 Punched Output from the Traffic Simulation Processor 

1. Title from the geometry processor tape 

2. Title from the driver-vehicle processor tape 

3. Title from card input to the traffic simulation processor 

4. Traffic simulation processor options 

a. Start-up and simulation time (min) 

b. Time step increment for simulation (sec) 

c. Speed for "delay below XX mph" (mi/hr) 

d. Maximum clear distance for being in a queue (ft) 

e. Lambda, mu, and alpha values for the car following equation 

f. Type of intersection control 

1. for uncontrolled 

2. 2 for yield sign controlled 

3. 3 for less-than-all-way stop sign 

4. 4 for all-way stop sign controlled 

5. 5 for pretimed signal controlled 

controlled 

6. 6 for semi-actuated signal controlled 

7. 7 for full-actuated signal controlled 

g. Summary statistics for each turning movement option and summary 

statistics for each inbound approach option (YES/NO) 

h. Time for lead and lag safety zone for intersection conflict checking 

(sec) 

i. Number of inbound approaches 

j. Number of signal phases 

5. Summary statistics 

a. Inbound approach number 

1. Equal to 1 through 12 for an approach 

2. Equal to 99 for all approaches 

b. Turn code number 

1. Equal to for u-turn and left turn 

2. Equal to 2 for straight-through movement 

3. Equal to 3 for right turn 

4. Equal to 9 for a 11 turn codes 

(continued) 
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Table 5.5 (continued) 

c. Total delay (total (veh-sec) and number incuring) 

d. Queue delay (total (veh-sec) and number incuring) 

e. Stopped delay (total (veh-sec) and number incuring) 

f. Delay below XX mph (total (veh-sec) and number incuring) 

g. Average vehicle-miles of travel (veh-mi) 

h. Average travel time (sec) 

i. Number of vehicles processed 

j. Time mean and space mean speeds (ft/sec) 

k. Average desired speed (ft/sec) 

l. Average maximum uniform acceleration and deceleration (ft/sec/sec) 

m. Actuated signal performance (if actuated signal controlled) 

1 • Phase information from card input 

2. Number and average time into phase for max-outs (sec) 

3. Number and average time into phase for gap-outs (sec) 



Fig 5.20. Interactive graphics display Df traffic simulation. 
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Fig 5.21. Interactive graphics display of traffic simulation (close-up). 
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5.6 Computer Requirements 

The computer time requirements for SIMPRO are difficult to reduce to a 

single value. As an indication of the efficiency of the model, a simulation 

time to computer time ratio for CDC computers has been calculated for each run 

of SIMPRO. This ratio varies with the type of intersection control, the lane 

lengths, the time increment, and the total number of driver-vehicle units 

processed. For signalized intersections, 600-foot (182.88-meter) lanes, and a 

time increment of one second, the lower limit of efficiency (worst case) is in 

the' general range from 30 at a total equivalent hourly volume of 1,000 

vehicles per hour to 8 at a volume of 2,000 vehicles per hour. The upper 

limit of efficiency (best case) is 45 and 15, respectively, for the same 

volumes. For non-signalized intersections, 600-foot (182.88-meter) lanes, and 

a time increment of 1 second, the lower limit of efficiency (worst case) is in 

the general range from 40 at a volume of 750 vehicles per hour to 8 at ~ 

volume of 1,250 vehicles per hour. These efficiencies may be different for 

other computer systems. 

SIMPRO uses 32,704 words (77,700 octal) of storage on CDC computers and 

210,000 bytes of storage on IBM computers. 

5.7 Documentation 

Documentation for the traffic simulation processor includes an 

explanation of the input and output, contained in a user's guide (Ref 15), 

numerous COMMENT statements within the computer program (29 percent of program 

statements), and a programmer's guide (Ref 19). The programmer's guide 

includes (1) the traffic simulation processor limitations, (2) a listing of 

the input errors detected, (3) a listing of the execution errors detected, 

(4) the definition of the attributes in each entity, (5) the definition of the 

variables in each COMMON block, (6) the definition of the local variables used 

in each subprogram, (7) an alphabetical listing of all subprograms and the 

subprograms which can call them, (8) an alphabetical listing of all the 

variables, their storage type, and the subprograms in which they are used, and 

(9) a generalized calling sequence diagram. 
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5.8 Additional Information 

Appendix A provides example input and output for each of the three sample 

runs using the geometry and the driver-vehicle units from previous examples. 

A listing of the traffic simulation processor and its programmer's guide are 

provided in Appendix D. Table 5.6 gives the categorization of the traffic 

simulation processor FORTRAN statements. 
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Table 5.6 Fortran Statement Categorization for Traffic Simulation Processor 

Number of cards with <BLOCK DATA> --------- .01 Percent 

Number of cards with <CALL > --------- 441 3.87 Percent 

Number of cards with <COMMON > --------- 1858 16.30 Percent 

Number of cards with <CONTINUE > --------- 631 5.53 Percent 

Number of cards with <DATA > --------- 337 2.96 Percent 

Number of cards with <DIMENSION > --------- 42 .37 Percent 

Number of cards with <DO > --------- 102 .89 Percent 

Number of cards with <END > --------- 77 .68 Percent 

Number of cards with <EQUIV ALENC> --------- 26 .23 Percent 

Number of cards with <FORMAT > --------- 418 3.67 Percent 

Number of cards with <GO TO > --------- 145 1.27 Percent 

Number of cards with <IF > --------- 960 8.42 Percent 

Number of cards with <LOGICAL > --------- 12 . 11 Percent 

Number of cards with <PROGRAM > --------- 2 .02 Percent 

Number of cards with <RETURN > --------- 112 .98 Percent 

Number of cards with <STOP > --------- 111 .97 Percent 

Number of cards with <SUBROUTINE> --------- 75 .66 Percent 

Number of cards with COMMENTs ------------- 3320 29.12 Percent 

Number of cards with I/O statements ------- 298 2.61 Percent 

Number of cards with conditional assembly - 786 6.89 Percent 

Number of cards with other statements ----- 1648 14.45 Percent 

Total number of statements ---------------- 11402 



6.0 STORAGE MANAGEMENT AND LOGIC PROCESSING 

6.1 Introduction And Purpose 

The geometry processor and the traffic simulation processor use a special 

storage management and logic processing program called COLEASE (COordinated 

Logic Entity Attribute Simulation Environment). This program accomplishes two 

objectives: (1) it provides a mechanism which maximizes computer bit usage by 

disregarding normal word boundaries and (2) it establishes an efficient means 

for processing logical binary networks. COLEASE is written in FORTRAN IV 

computer language and is operational only on CDC computers. Programs 

processed by COLEASE can, however, be executed on any computer. Initial 

development and use of COLEASE is described by Walker (Ref 37). 

6.2 Input Requirements 

The input to COLEASE is broken into four paragraphs of information. 

Paragraph I contains information which describes the program name and files, 

the number of bits used to store a normal integer variable for the target 

computer (the computer that is to be used to execute the program being 

processed by COLEASE) , and the print option. Paragraph II contains 

infonnation which describes the entities; these are groups of attributes 

(variables). For each entity, the name of the entity, the number of entries 

for each entity, and the attributes associated with each entity are specified. 

For each ordinary attribute (non-logical), the user must define the name and 

the maximum integer value of the attribute. Optionally he may give a single 

dimension. For logical independent attributes and logical dependent 

attributes, the user defines the attribute name and the logical binary network 

whi8h associates the logical independent and the logical dependent attributes. 

Paragraph III contains information which defines the entity usage for 

specified subroutines and the subroutine name with which to begin execution. 

237 
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Paragraph IV contains intermixed FORTRAN statements and COLEASE statements. 

The COLEASE statements are TASK, EXTRAC, FIND, REPACK, STORE, and LOGIC. The 

COLEASE statement TASK defines the subroutine name and associated parameters 

for the various subroutines which need access to the attributes. The COLEASE 

statement EXTRAC defines the entity name and the entry number to be extracted 

from the storage stack. The COLEASE statement FIND defines the entity name, 

the entry numbgr, and the attribute to be found in the storage stack and 

placed in the named local variable. The COLEASE statement REPACK defines the 

entity name and the entry number to be repacked into the storage stack. The 

COLEASE statement STORE defines the entity name, the entry number, and the 

attribute into which the value of the specified variable is to be stored. The 

COLEASE statement LOGIC defines the entity name and the entry number for 

computing new logical dependent attribute values. Table 6.1 shows the input 

and format for COLEASE. 

6.3 Algorithms For Computation 

Computer memory is made up of a collection of elementary storage cells 

called bits. A bit may have a value of zero (off) or one (on). A computer 

word is a continuous string or series of bits which may be addressed (located) 

by the computer. Often, the computer word is broken into smaller units called 

bytes. On the CDC 6600 computer, a byte is 12 bits long, while a computer 

word is 5 bytes, or 60 bits long. A peripheral processor may address each 

byte (12 bits) contained in its memory. The peripheral processor may be 

programmed only by system programmers because the peripheral processor 

processes data transfer requests between memory and external devices and have 

the capability of accessing privileged information. The central processor may 

address each word (5 bytes or 60 bits) within its allocated portion of memory. 

This processor may be programmed by the general user. 

On the IBM 370-155 computer, a byte is 8 bits long and a computer word is 

normally 4 bytes, or 32 bits, long. The central processor may address each 

byte (8 bits) within its allocated portion of memory. In the IBM FORTRAN 

compiler, the user may specify the number of bytes for storing program 

variables. The defaults are 8 bytes (2 words) for double precision floating 
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Table 6.1 Input and Format for COLEASE 

1. Paragraph I 

a. Program identification 

1 ... IDENTIFY" starting in column 3 

2. Program name 

3. Number of bits in target computer word 

4. Print option 

a. for header message and the "IDENTIFY" statement from Paragraph I 

b. 2 for header message, the Paragraph I input, the Paragraph II 

input, the Paragraph III input, and the COLEASE statements in 

Paragraph IV 

c. 3 for header message, the Paragraph I input, the Paragraph II 

input, the listing of the bookkeeping information for each 

entity, the listing of the paths within the logical binary 

network for each entity, the Paragraph III input, and the COLEASE 

statements in Paragraph IV 

d. 4 for header message, the Paragraph I input, the Paragraph II 

input, the listing of the bookkeeping information for each entity, 

the listing of the paths within the logical binary network for 

each entity, the Paragraph III input, and the Paragraph IV input 

b. File declaration(s) 

1. "FILES" starting in column 5 

2. File name( s) 

2. Paragraph II 

a. "ENTITY" starting in column 3 

b. Entity declaration(s) 

1 ... NAME" starting in column 5 

2. En tity name 

3. Number of entries 

c. Ordinary attributes 

1. "ORDINARY" starting in column 5 

2. Attribute name 

3. Single dimension (optional) 

(continued) 
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Table 6.1 (continued) 

4. ~~ximum positive integer value 

d. Logical independent attributes 

1. "LOGICrn starting in column 5 

2. Attribute name(s) 

e. Logical dependent attributes 

1. "LOGICD" starting in column 5 

2. Attribute name(s) 

f. Logical binary network 

1. "FUNCTION" starting in column 5 

2. Binary network node 

a. Logical independent attribute name 

b. True branch (logical independent or dependent attribute name) 

c. False branch (logical independent or dependent attribute name) 

3. Paragraph III 

a. " EXECUTIVE" starting in column 3 

b. Entity usage for each subroutine 

1- II ROUTINE" starting in column 5 

2. Subroutine name 

3. Entity name(s) 

c. Executive subroutine 

1. II EXECUTE" starting in column 5 

2. Subroutine n~~e 

4. Paragraph IV 

a. "TASKS" starting in column 3 

b. User's BLOCK DATA statements and END statement 

c. User's FORTRAN statements 

d. COLEASE statements 

1. TASK statement - define subroutine name which uses entities and 

define parameter(s) to subroutine 

a. "TASKII in column 5 

b. Subroutine name 

c. Subroutine parameter(s) 

( continued) 
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Table 6.1 (continued) 

2. EXTRAC statement - retrieves all attributes for a particular entry 

of an entity from the storage stack and puts them in the COMMON block 

for the entity 

a. "COLEASE" starting in column 5 

b. "EXTRACII 

c. Entity name 

d. Entry number 

3. FIND statement - retrieves the value of a specified attribute from a 

particular entry of an entity in the storage stack and puts it in the 

prescribed local variable 

a. "COLEASE" starting in column 5 

b. "FIND" 

c. Local variable name for storage for value of attribute 

d. Entity name 

e. Entry number 

f. Attribute name 

4. REPACK statement - stores the current value of all attributes for an 

entity into the particular entry in the storage stack 

a. "COLEASEII starting in column 5 

b. II REPACK" 

c. Entity name 

d. En try number 

5. STORE statement - stores a prescribed value into the specified 

attribute for a particular entry of an entity in the storage stack 

a. "COLEASEII starting in column 5 

b. "STORE" 

c. Local variable name for value to store in attribute 

d. Entity name 

e. Entry number 

f. Attribute name 

(continued) 
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Table 6.1 (continued) 

6. LOGIC statement - uses the values of the logical independent 

attributes for a particular entry of an entity in the storage stack 

to determine the appropriate value for the logical dependent 

attributes and stores the appropriate values for the logical 

dependent attributes in the particular entry for the entity in the 

storage stack 

a. "COLEASE II starting in column 5 

b. 11 EXTRAC" 

c. Entity name 

d. Entry number 

5. Terminate 

a. "TERMINATEII starting in column 3 
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point variables, 4 bytes (1 word) for single precision floating point 

variables, and 4 bytes (1 word) for integers. 

In traffic simulation models, many variables are small, positive integers 

which can be defined by one to ten bits. Logical independent and logical 

dependent attributes require only 2 bits each. Storing only one such variable 

in a CDC 6600 60-bit word or in an IBM 370-155 32-bit word is very wasteful. 

COL EASE establishes a storage stack that is a continuous series of computer 

words used for saving the attributes for each entry of all the entities. 

Several attributes are stored in each computer word, using the number of bits 

required to store the maximum integer value. COLEASE also establishes a 

labeled COMMON block for each entity. Each COMMON block contains a single 

integer variable named for each attribute within the entity. The attributes 

are stored in standard integer format in the COMMON block. The subroutines 

necessary for the execution-time storage management and logic processing are 

added to the user's program at its end. The necessary bookkeeping is also 

established by COLEASE. 

All statements generated by COLEASE have the characters COL EASE starting 

in Column 74. Each statement in Paragraph I, Paragraph II, and Paragraph III 

will be copied t 0 the generated program with the character 11 C" placed in 

Column 1. Each COLEASE statement in Paragraph IV will also be copied to the 

generated program with the character "CII placed in Column 1. 

By appropriate scaling, floating point numbers may be transformed to 

integers. The user must determine the smallest value, XMIN, the lmrgest 

value, XMAX, and the desired accuracy, XSCALE. The required maximum integer 

value, IMAX, will then be 

IMAX = (XMAX-XMIN)/XSCALE + 0.5 (6.1) 

Assume that the minimum value for deceleration is -32.0, the maximum value for 

acceleration is +32.0, and the desired accuracy is 0.001; the value of IMAX 

by Eq 6.1 would be 64,000, which would require 16 bits. To convert the scaled 

value of an attribute, IVAL, to a floating point number, XVAL, the equation 

would be 

XVAL = IVAL*XSCALE + XMIN (6.2) 
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Assume that IVAL has a value of 16,000 and the same XMIN and XSCALE as the 

above example. The value of XVAL would be -16.0. To convert a floating point 

number, XVAL, to the scaled value for an attribute, IVAL, the equation would 

be 

IVAL = (XVAL-XMIN)/XSCALE + 0.5 (6.3) 

Assume that XVAL has a value of +16.0 and the same XMIN and XSCALE as in the 

above examples. The value of IVAL would be 48,000. 

6.3.1 Paragraph I 

The number of bits used to store a normal integer variable for the target 

computer is used to determine the maximum size integer that may be stored in a 

computer word. When the end of Paragraph III is detected, a PROGRAM statement 

is generated with the name and the files declared by the user in the 

Paragraph I input. 

6.3.2 Paragraph II 

COLEASE determines the number of bits required to store the maximum 

integer value of each ordinary attribute. An ordinary attribute may have a 

single dimension associated with it; otherwise, it is assumed to be one. The 

ordinary attributes are packed into the storage stack starting at bit 0 of 

word 0 for the entity. When the number of bits remaining in the computer word 

is less than the number of bits needed to store an attribute, the attribute is 

stored starting at bit 0 of the next computer word. An entity need not have 

any ordinary attributes. 

Logical independent attributes require 2 bits and are packed in the 

storage stack starting at bit 0 of the next computer word after the ordinary 

attributes (if any). The logical dependent attributes also require 2 bits and 

are packed in the storage stack starting at bit 0 of the next computer word 
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following the logical independent attributes. An entity need not have any 

logical independent and logical dependent attributes. 

COLEASE computes and stores (1) the number of bits needed to store each 

attribute, (2) the word within the entity assigned, (3) the starting bit 

position within the word for storage of the attribute, and (4) the attribute 

n~~e. Each element of a dimensioned attribute occupies a separate position in 

the bookkeeping. The total number of words required to store an entry of each 

entity is determined and saved. The number of words which must be reserved in 

the storage stack is the total number of words required to store an entry of 

an entity times the number of entries. 

For the logical binary network for each entity, COLEASE determines every 

path through the logical binary network that leads to each dependent 

attribute. The status of each logical independent attribute required to mmke 

the path true, and thus the logical dependent attribute true, is determined 

and saved. Also saved is the logical dependent attribute name to which the 

path leads. The status of a logical independent attribute may be either true 

(a 2-bit value of 01 binary or 1 decimal), or false (a 2-bit value of 10 

binary or 2 decimal). A function mask which contains the status of each 

logical independent attribute that is required to make the path true (in the 

same bit positions as they are stored in the storage stack) is built. If a 

logical independent attribute is not on the path, its status does not matter, 

and the function mask will contain a 2-bit value of 00 binary or 0 decimal. 

When the end of Paragraph III is detected, a labeled COMMON block 

statement is generated for each entity (the name of the COMMm1 block is the 

entity name) and storage is provided for the attributes of one entry of the 

entity (following the generated PROGRAM statement). It is important that 

these COMMON blocks occupy a continuous space in memory in the order declared. 

Eecause the IBt-l 370-155 loader ensures that COMMON blocks start on a two-word 

bcundary, it is necessary that some entities have a dummy attribute (maximum 

value equal to zero) to make the number of attributes in the entity an even 

number. Next, a labeled COMMON block named ATTE is generated and storage is 

provided for the bookkeeping associated with all the attributes; 3. labeled 

SCMMON block named FUN is generated and storage is provided for the 

~okkeeping related to all the paths within the logical binary network; a 

:abeled COMMON block named ENTITY is generated and storage is provided for the 

bookkeeping for the information for all the entities; and then a labeled 



246 

COMMON block named STACK is generated and storage is provided for all entries 

of all the entities. Finally, the FORTRAN statements that are necessary to 

finish the bookkeeping are generated and followed by a CALL statement to the 

declared execution routine and the rest of the program statements. 

A BLOCK DATA routine which contains the COMMON blocks and DATA statements 

needed to initialize the bookkeeping variables is generated (following the END 

statement for the generated program). An entry in the ATTB COMMON block 

contains three words: the first is the storage stack word relative to the 

first word in the stack for the entry of the entity for the attribute; the 

second is the starting bit position within the stack word for the attribute; 

and the third is the numer of bits required to store the attribute. After the 

computer code generated in the program is executed, this third word will 

contain a computer mask for the attribute positioned where the attribute is 

located in the storage stack. An entry in the ENTITY COMMON block contains 9 

words, as follows: (1) the number of entries for the entity, (2) the number 

of attributes in the entity (an attribute dimensioned to N will be considered 

as N attributes), (3) the number of computer words in the storage stack 

required for a single entry of the entity, (4) the starting computer word in 

the storage stack for the first entry of an enti ty, (5) the number of computer 

words in the stack required to store the logical independent attributes for an 

entry of an entity, ( 6) the location of the first logical independent 

attribute in the stack for an entry of an entity, (7) the number of paths in 

the logical binary network, (8) the location of the first path for the entity 

in the FUN COMMON block, and (9) the location of the first attribute for the 

entity in the ATTB COMMON block. An entry in the FUN COMMON block contains 

two words: the first is the function mask containing the appropriate status 

of each logical independent attribute required to make the logical dependent 

attribute true; and the second is the pointer to the ATTB COMMON block for 

the logical dependent attribute. After the computer code generated in the 

program is executed, this second word will contain the starting bit position 

within the logical dependent storage stack word for the attribute. COLEASE, 

in its current form, can accommodate only one logical independent attribute 

computer word (16 logical independent attributes for an IBM computer). 

COLEASE defines two entities for the user which do not require any 

storage in the storage stack and are stored in their labeled COMMON block. 

The first such entity is LOGICV, which contains two attributes: (1) the value 
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for logical true, L TRUE, and (2) the value for logical false, LF ALSE. The 

other entity is NOATTB, which contains a single attribute NOATTB that is 

dimensioned to the number of entities and contains the number of$attributes in 

each entity. The DATA statements necessary for these entities are generated 

next. 

An END statement for the BLOCK DATA routine is not generated because it 

is assumed that the user will also need to enter data into the BLOCK DATA 

routine. The first part of Paragraph IV is considered to be the remainder of 

the BLOCK DATA routine. 

6.3.3 Paragraph III 

Paragraph III contains input information that specifies the use for each 

entity and the name ;of the subroutine with which execution is to begin. Each 

time the COLEASE TASK statement is encountered in Paragraph IV, COLEASE 

searches the data that have been entered in Paragraph III to determine the 

enti ties which will be used by the subroutine. In the program generated by 

COLEASE, a CALL statement is provided to the executive routine that is 

declared in the input to Paragraph III. 

6.3.4 Paragraph IV 

Paragraph IV contains intermixed FORTRAN statements, which comprise the 

main body of the program, and COLEASE statements, ·tlhich request some action by 

COL EASE . 

The TASK statement causes COLEASE to generate a SUBROUTINE statement with 

the declared parameters and to generate a labeled COMMON block for each 

requested entity. 

The EXTRAC statement causes COLEASE to generate a CALL statement to 

subroutine EXTRAC with the entity name changed to an entity number. The 

attributes for the specified entry of the entity are retrieved from the 

storage stack and put in the COMMON block for the entity, one attribute per 
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computer word, in integer format. 

The FIND statement causes COLEASE to generate a CALL statement to 

subroutine FIND with the entity name changed to an entity number and the 

attribute name changed to an attribute number. The declared attribute of the 

specified entry of the entity is retrieved from the storage stack and put in 

the prescribed local variables in integer format. An EXTRAC can be thought of 

as a FIND for each attribute for an entry of an entity. 

The REPACK statement causes COLEASE to generate a CALL statement to 

subroutine REPACK with the entity name changed to an entity number. The 

values of the attributes from the COMMON block for the entity are packed into 

the specified entry for the entity in the storage stack. 

The STORE statement causes COLEASE to generate a CALL statement to 

subroutine STORE with the entity name changed to an entity number and the 

attribute name changed to an attribute number. The value of the local 

variable is stored in the declared attribute of the specified entry of the 

entity in the storage stack. The declared attribute is not updated in the 

COMMON block for the entity. A REPACK can be thought of as a STORE for each 

attribute for an entry of an entity. 

The LOGIC statement causes COLEASE to generate a CALL statement to 

subroutine LOGIC with the entity name changed to an entity number. The value 

for each logical dependent attribute is determined for the specified entry of 

the entity based on the value of the logical independent attributes for the 

same entry of the entity in the storage stack. The value for the logical 

dependent attributes are stored in the same entry of the entity in the storage 

stack. Initially, the logical dependent attribute computer word in the 

storage stack is set to/zero. The logical independent attribute computer word 

in the storage stack is ANDed with a function mask, and, if the result is 

equal to the function mask, then the logical dependent attribute is ORed with 

a true status; otherwise, the logical dependent attribute is ORed with a 

false status. Thus, it is possible to have a logical dependent attribute 

status of both true and false; this indicates that one or more paths to the 

logical dependent attribute were true and one or more paths were also false, 

This indication should be considered as a true status. 
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6.4 Output 

Output from COLEASE includes both printed output and magnetic tape. The 

amount and format of printed output depends upon the value of the print option 

that is specified in the Paragraph I input (see Section 6.2). If the print 

option is one, only the header message and the IDENTIFY statement from 

Paragraph I input are printed. If the print option is two, the header 

message, the Paragraph I input, the Paragraph II input, the Paragraph III 

input, and the COLEASE statements in Paragraph IV are printed. If the print 

option is three, the header message, the Paragraph I input, the Paragraph II 

input, the listing of the bookkeeping information for each entity, the listing 

of the paths within the logical binary network for each entity, the 

Paragraph III input, and the COLEASE statements in Paragraph IV are printed. 

If the print option is four, the header message, the Paragraph I input, the 

Paragraph II input, the listing of the bookkeeping information for each 

entity, the listing of the paths within the logical binary network for each 

entity, the Paragraph III input, and the Paragraph IV input are printed. 

Magnetic tape output takes the form of an entire FORTRAN program ready to 

be compiled, and includes (1) the Paragraph I input with the character" C" in 

Column 1 , (2) the Paragraph II input with the character "C" in Column 1 , 

(3) the Paragraph III input with the character I'C" in Column 1 , (4) the 

PROGRAM and BLOCK DATA routine generated by COLEASE with the characters 

"COLEASE" starting in Column 74, (5) the Paragraph IV F'ORTRAN statement, 

(6) the Paragraph IV COLEASE statements with the character II C" in Column 1, 

(7) the FORTRAN code generated for each Paragraph IV COLEASE statement with 

the characters "COLEASE" starting in Column 74, and (8) the FORTRAN 

subroutines generated by COL EASE to process the COLEASE requests at program 

execution time wi th the characters "COLEAS~" starting in Column 74. 
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6.5 Verification 

Verification of COLEASE was accomplished by examining debug prints of 

intermediate results, independently testing selected subprograms, performing 

several runs on test data sets, and reviewing the printed output and the 

magnetic tape produced by each run of COLEASE. 

6.6 Computer Requirements 

COLEASE is written for execution only on the CDC 6600 computer. Any 

program processed by COLEASE can be executed on a computer with the computer 

word size (in bits) as specified in the Paragraph I input. COLEASE requires 

12,544 words (30,400 octal) to execute on the CDC 6600 computer. Typically, 

the geometry processor (6,227 statements) takes 19.8 seconds for COLEASE to 

execute while the traffic simulation processor (11,402 statements) takes 38.2 

seconds. 

6.7 Documentation 

Documentation for COLEASE includes an in-house user's guide and COMMENT 

statements within COLEASE. 

6.8 Additional Information 

Table 6.2 provides a comparison between conventional storage and COLEASE 

storage for the geometry processor, and Table 6.3 is for the traffic 

simulation processor. 

Conventional storage requires a computer word for each attribute. Thus 

the number of words required to store an entity is the number of entries times 

the number of attributes for the entity. The number of words required to 



Enti ty 

APPRO 

ARC 

CONFLT 

LANE 

LINE 

PATH 

SDR 

To tal 

TABLE 6.2. GEOMETRY PROCESSOR STORAGE COMPARISON 

Number of Words COLEASE 
Number of Number of Conventional Per Entry Storage 
Entries Attributes Storage K I"~K + 4 ,'<J + 9 

I J P'~J CDC IBM CDC IBM 

12 26 312 3 5 149 173 

20 6 120 1 2 53 73 

1,000 10 10,000 1 2 1,049 2,049 

50 20 1,000 3 5 239 339 

100 4 400 1 2 125 225 

125 94 11,750 15 31 2,260 4,260 

30 40 1,200 7 14 379 589 

24,782 4,254 7,708 

N 
U1 ..... 



TABLE 6.3. 

Number of 
Entries 

Enti ty I 

APPRO 12 

CONFLT 1,000 

LANE 50 

PATH 125 

SDR 30 

VEHD 200 

VEHF 200 

VEHIL 200 

Total 

TRAFFIC SIMULATION PROCESSOR STORAGE COMPARISON 

Number of Words COLEASE 
Number of Conventional Per Entry Storage 

Attributes Storage K I'~K + 4-1~J + 9 

J I'>'<J CDC IBM CDC IBM 

26 312 3 5 149 173 

12 12,000 2 3 2,057 3,057 

28 1,400 3 6 271 421 

132 16,500 13 24 2) 162 3,537 

40 1,200 7 14 379 589 

40 8,000 6 9 1,369 1,969 

12 2,400 1 2 257 457 

20 4,000 2 2 489 489 

45,812 7,133 10,692 

N 
VI 
N 
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store an entity by COLEASE is the number of words for the storage stack (the 

number of entries times the number of words per entry) plus one word for each 

attribute for the COMMON block for the entity, plus the bookkeeping storage 

(three words for each attribute plus nine words for the entity). The logical 

binary network storage requirements have not been included in this discussion, 

but they would be two words for each path in the network. The number of words 

required to store 

for each attribute. 

an entry of an entity is dependent upon the maximum value 

As the number of bits for an attribute approaches one 

computer word, COLEASE storage becomes less efficient. 

COLEtSE stores an average of 5.83 attributes per computer word for 

CDC 6600 computers and 3.22 attributes per computer word for IBM 370-155 

computers for the geometry processor. Colease stores an average of 6.42 

attributes per computer word for CDC 6600 computers and 4.28 attributes per 

computer word for I Bt-l 370-155 computers for the traffic simulation processor. 

Appendix E contains the printed output from COLEASE for the geometry processor 

and the traffic simul8.tion processor with the print option equal to three. 

As with any storage management technique, increased execution time is 

traded for decreased storage requirements. 

The subroutines generated by COLEASE to process the execution-time 

requests are available in FORTRAN IV, CDC assembly language (COf'-IPASS), and IBB 

assembly language (ALC). The assembly language versions provide faster 

execution than is possible with the FORTRAN version. 
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7.0 FIELD DATA COLLECTION AND ANALYSIS 

7.1 Introduction And Purpose 

To aid in collecting real-world traffic performance statistics which 

could be used for calibrating the simulation model and which would serve as 

input to the traffic simulation pre-processors, a new generation of field data 

collection and recording devices was developed. A delay recording device was 

developed to record observed stopped delay, queue delay, volumes, headways, 

and signal indications on voice-grade cassette tapes. A special time 

recording device was also developed to record observed headways and to time 

selected critical traffic maneuvers. 

To retrieve the data stored by the delay recording device, a computer 

program, called ADPRO, was developed for processing analog-to-digital 

conversion. This program (1) reads the coded analog signals from the cassette 

tapes produced by the delay recording device and (2) produces a digital tape 

containing the recorded data. A delay, volume, and headway processor, DVHPRO, 

(1) accepts the digital tapes produced by ADPRO and (2) gathers and prints 

observed traffic performance statistics for selected time 

performance statistics may be used as input to the 

processor or to calibrate the model. 

intervals. These 

traffic simulation 

A headway distribution fitting processor, DISFIT, was developed to aid in 

selecting appropriate mathematical descriptors of observed traffic headway 

distributions. DISFIT (1) reads headways recorded by the delay recording 

device, the time recording device, or other event timing device; (2) computes 

location and dispersion parameters for the data, fits selected mathematical 

distributions to the empirical headway data, calculates Chi-Square for the 

Chi-Squared goodness-of-fit test, and determine3 the maximum cumulative 

difference for the Kolmogorov-Smirnov one-sample test; and (3) plots a 

histogram of the input headway data and of each distribution fitted. The 

interrelation among these processors is shown in Fig 2.2. 

255 
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7.1.1 Past Field Studies 

A previous research project at the Center for Highway Research, The 

University of Texas at Austin, was concerned with the measurement of volume 

and delay at street and highway intersections (Ref 38). Extensive field 

measurements of traffic characteristics that were observed at 19 locations 

were recorded and analyzed. The locations ranged in complexity from 

low-volume intersections operating under stop sign control to high-volume, 

signalized intersections. These data were readily available for evaluating 

and calibrating the traffic simulation model. 

In the earlier study, an electro-mechanical device was used to record the 

observed data on punched paper tape. The deficiencies noted in the 

electro-mechanical delay recording device were (1) the lack of a specific time 

reference recorded in each data record, (2) the bulk of the equipment, (3) its 

complex operation, (4) its lack of portability, (5) its dependence upon an AC 

power supply, (6) the requirement that each observer input module be 

physically connected to the central recording unit, and (7) the difficulty 

with displaying current counter readings to the observer. Over 240 hours of 

field studies were recorded in Texas using this device from 1965 to 1967. 

7.1.2 Data Requirements 

The inputs to the traffic simulation package are described in 

Section 3.2, Section 4.2, and Section 5.2. To prepare the input, the 

following data are needed: (1) the equivalent hourly volume of traffic to 

enter each inbound approach during the study time, (2) the mathematical 

distribution to be used to describe the headways of vehicles entering each 

inbound approach, (3) the lane occupancy percentages for each inbound approach 

lane, (4) the distribution of turning vehicles for each inbound approach, 

(5) the vehicle mix for each inbound approach, and (6) the driver mix for each 

vehicle class. In addition to these statistics, the geometry of the 

intersection is recorded and signal indications and settings are noted. Less 

field data are required if the user is willing to accept estimates or 

program-supplied default values for some of the data. 
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Field delay measurements were taken as the overall basis for validating 

the'traffic simulation model. At unsignalized intersections, the statistic of 

most interest is the queue delay. This is the time each vehicle spends in a 

queue waiting to enter the intersection; it includes move-up time within the 

queue. At signalized intersections, the statistic of most interest is stopped 

delay. This is the time each vehicle spends stopped in a queue waiting to 

enter the intersection; it does not include move-up time within the queue. 

7.2 The Delay Recording Device 

A new generation delay recording device was designed and built to gather 

field data. Its features were designed to overcome most of the limitations in 

previous devices. 

7.2.1 Design Criteria 

The new delay recording device was to (1) be portable; (2) use an 

independent DC power supply (a small motorcycle battery); (3) incorporate 

solid state electronic component reliability; (4) have a data sampling rate 

of second; (5) provide an accurate, synchronized time base; (6) display 

current counter readings to observers; (7) record time, counter information, 

and device number onto inexpensive voice-grade cassette tape in analog formi 

and (8) be economical in construction and maintenance. The delay recording 

device was designed and constructed by the staff at the Center for Highway 

Research. Figure 7.1 presents the block diagram and the photograph for the 

delay recording device while Fig 7.2 gives the schematic diagram. 
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7.2.2 Input Requirements 

There are two types of counters which can be connected to the delay 

recording device. An electronic counter was designed to incorporate 

increment, decrement, and zero switches. This counter uses a light emitting 

diode, LED, display to provide the user with a current counter reading. The 

counter may register digits from 0 to 99. Figure 7.3 gives the block diagram 

and the photograph for the electronic counter while Fig 7.4 gives the 

schematic diagram. 

A mechanical counter is also available for use with the delay recording 

device. This input device is simply a pair of manually rotated thumb wheel 

switches. Each unit of the pair can be rotated separately; thus the counters 

are particularly useful when volume or headway data are being gathered, as 

adequate information can be obtained from a single digit of the counter. 

Thus, two channels of digital information can be entered by each mechanical 

counter. The mechanical counters require physical dexterity in the observer 

as the incrementing lever on both digits must be actuated simultaneously to go 

from 9 to 10 or vice versa. 

7.2.3 Output 

Each delay recording device is capable of recording data from two counter 

units. Figure 7.5 illustrates the 32 bits of numerical information that are 

recorded each second. An internal, crystal-controlled, resettable timer 

generates the one-second time reference. These bits are written as analog 

signals onto a voice-grade cassette tape recorded as damped (low amplitude) 

and undamped (high amplitude) sine waves. Each bit is 0.020 seconds long: a 

zero is 0.004 seconds of undamped sine waves (high ampli tude) followed by 

0.016 seconds of damped sine waves (low amplitude) and a one is 0.016 seconds 

of undamped sine waves followed by 0.004 seconds of damped sine waves. Each 

bit thus has 0.004 seconds of undamped sine waves followed by 0.012 seconds of 

either damped or undamped sine waves followed by 0.004 seconds of damped sine 

waves. It is the middle 0.012 seconds of each bit that is different and 

determines its value. Thus, 32 bits of information takes 0.640 seconds and is 
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ended by an end-of-data signal that consists of 0.004 seconds of undamped sine 

waves followed by 0.356 seconds of damped sine waves. The frequency of the 

sine waves is 1000 Hz (cycles per second); therefore, the cycle length of 

each sine wave is 0.001 second. 

7.2.4 Field Observation Technique 

The field observation technique that was used to measure queue delay at 

non-signalized intersections called for an observer to increment a counter 

each time a vehicle joined the queue of vehicles waiting to enter the 

intersection and to decrement the counter each time a vehicle crossed the stop 

line and entered the intersection. Thus, the current number of vehicles in 

the observed queue was indicated by the counter. 

The field observation technique that was used to measure stopped delay at 

signalized intersections called for an observer to increment the counter each 

time a vehicle joined the queue of vehicles waiting to enter the intersection 

and to decrement the counter each time a vehicle in the queue started to move 

forward. In this manner, the current number of vehicles stopped in the 

observed queue was indicated by the counter. 

The field observation technique that was used to measure volume called 

for an observer to increment a counter each time a vehicle crossed the stop 

line and entered the intersection. A single digit of the mechanical counter 

was used to record the volume data for a lane or for an approach. 

The field observation technique that was used to record headways called 

for an observer to increment a counter each time a vehicle crossed a screen 

line that was located some specified distance away from the stop line on an 

inbound approach. A single digit of the mechanical counter could be used to 

record the headway data for an approach. 

To record signal indications, a special relay device was developed. Up 

to 12 bits of information could be recorded on both input channels to a 

recorder. Normally a wire was connected from the green indication for each 

signal phase to a relay coil. When the green indication was on, the recorded 

data bit was one, but, when the indication was off, the bit was zero. 
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The delay recorder can be used to record digital information about any 

discrete phenomenon with respect to a one-second time base. The time history 

of the counter readings is recorded. Events can be timed by incrementing the 

counter each time an event occurs and then determining the time between two 

successive events. 

7.3 Time Recording Device 

Another new recording device was designed and built to gather f~eld data. 

In effect, this device is a storage stopwatch. 

7.3.1 Design Criteria 

It was necessary for the time recording device to (1) be portable; 

(2) use an independent DC power supply (a small motorcycle battery) ; 

(3) incorporate solid state electronic component reliability; (4) store up to 

32 time intervals; (5) have selectable time increments of 1.0 second, 0.1 

second, and 0.01 second; and (6) be economical in construction and 

maintenance. The time recording device was designed and constructed by the 

staff at the Center for Highway Research. Figure 7.6 gives the block diagram 

and the photograph for the time recording device while Fig 7.7 gives the 

schematic diagram. 

7.3.2 Input Requirements 

The user must first position the time increment switch to the desired 

basis for timing: 1.0 second, 0.1 second, or 0.01 second. Next, the user 

must set the record/display switch to the record function. Timing of the 

first event is initiated by pressing the zero button. Each time the event 

button is depressed thereafter, the duration of the current event is stored in 
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a 32-position register stack and timing of a new event is begun. The current 

stack position is displayed for the user. 

7.3.3 Output 

After storing the desired number of timed intervals, not to exceed 32, 

the user may position the record/display switch to the display function and 

read the stored data. This display selectively shows the number of each stack 

position and the value of the measured time interval that is stored in each 

position. The entire stack can be examined in sequence by repeatedly 

depressing the event button. Displayed information can be transferred to a 

data sheet. The recorded time information can be displayed as often as 

needed. 

7.3.4 Field Observation Technique 

The field observation technique that was used to measure headways called 

for an observer to depress the event button on the time recorder each time a 

vehicle crossed a screen line that was located some specified distance away 

from the stop line. After 32 headways had been recorded, the observer would 

display each headway and transfer the information to a field data log book. A 

similar technique can be used to measure the time between any two events in a 

series. 

7.4 Analog-to-Digital Conversion 

Observed numerical information is recorded in analog form by each delay 

recording device. This information must be converted to digital form for 

recovery and subsequent interpretation. 
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7.4.1 Introduction And Purpose 

The delay recording device writes the observed numerical information and 

time information onto voice-grade cassette recording tapes. To retrieve these 

data, a computer program called ADPRO was developed. This program supervises 

the operation of a special analog-to-digital conversion system, the HP2115A 

computer system, operated at the Division of Automation, D-19, of the Texas 

State Department of Highways and Public Transportation in Austin. 

Operationally, ADPRO (1) reads the analog data from up to 6 voice-grade 

cassettes simultaneously, (2) converts the analog data to digital data, and 

(3) writes a digital tape containing the digitized data. ADPRO consists of 

two programs: (1) PR18416, which digitizes the data and writes a 9-track 

magnetic tape, and (2) HPCDC, which transfers the 9-track magnetic tape to 

7-track magnetic tape compatible with CDC computers. 

7.4.2 Input Requirement 

Up to 6 cassette tape play-back units (most recorders can play back also) 

are connected to a special wave-shaping instrument that operates external to 

the HP2115A system. This wave-shaping instrument converts all high-amplitude 

sine waves to a constant-level analog signal of approximately 5 volts. 

Low-level sine waves are converted to a signal of ze~o volts. The duration of 

each level of the two-level signal corresponds to the duration of the sine 

waves of different amplitude. Figure 7.8 illustrates the conversions 

performed by the wave-shaping instrument. Figure 7.9 gives the block diagram 

and the photograph of the wave shaping instrument while Fig 7.10 gives the 

schematic diagram. 

The two-level analog signal from the wave-shaping instrument serves as 

input to the HP2115A system for conversion to digital form. The sampling rate 

for digitizing is selected such that at least three samples are taken during 

the minimum duration of the high-level signal (0.004 seconds). Data in a 

digital form are then processed by the HP2115A system. 
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Options in PR18416 include (1) the number of cassette tapes to be 

processed, (2) the 60-character title for the run, (3) the digital filter 

option, (4) the halt-on-error option, and (5) the 9-track tape positioning 

option. The number of cassette tapes may range from 1 to 6. The 60-character 

title for the run identifies the data being processed. The digital filter 

option ensures proper bit identification. The halt-on-error option allows an 

automatic stop in the program if any data structure error is detected. The 

tape positioning option provides the user a means for (1) continuing from the 

current position, (2) beginning from the start of the tape, or (3) adding data 

at the end of previously recorded data sets. 

The input required by HPCDC includes (1) the 

PR18416, (2) the 60-character title for the 

9-track tape produced by 

run to be processed, (3) the 

9-track tape positioning option, (4) the 7-track tape positioning option, and 

(5) the list ident option. The 9-track tape positioning option allows the 

user to rewind this tape or continue from the current position before 

searching for the title to be processed. The 7-track positioning option 

provides for (1) starting from the current position, (2) starting at the 

beginning of the tape, or (3) adding data at the end of data sets previously 

recorded. 

7.4.3 Algorithms For Computation 

The generalized flow of PR 18416 is illustrated in Fig 7.11. The computer 

that is utilized in the HP2115A system has two DMA (direct memory access) 

channels (input and output). When the DMA channels are activated, data are 

transferred between an external device (e.g., an analog-to-digital converter 

or tape drives) and the computer memory while the computer may at the same 

time be performing other functions. PR18416 has two input buffers and two 

output buffers. While the DMA input channel is transferring data from the AID 

converter into one of the input buffers, PR18416 may access the other to 

obtain data for computation. While PR18416 fills an output buffer, the DMA 

output channel may access the other output buffer and transfer data to the 

9-track tape. The buffers are accessed alternately by the DMA channels and by 

PR18416. Provisions are made in PR18416 to ensure that no buffer being 
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accessed by a DMA channel overflows, which causes data to be lost. 

Analog signals from the wave-shaping instrument are processed by the 

analog-to-digital converter and the digitized information is stored serially 

in a 16-bit register as a for the high-level signal and as a 0 for the 

low-level signal. The or the 0 from the first tape recorder occupies bit 

position zero in the register and data from successively sampled recorders 

follow in sequential higher order bit positions. All recorders are sampled on 

command from an external pulse generator at a design rate of approximately 

1000 samples per second. Sampling rates between 750 and 1500 samples per 

second, depending on the number of recorders being processed, may be used 

successfully. The DMA feature of the HP2115A system autornatically transfers 

the data from the 16-bit register to the available input buffer. 

Subprogram DMAIN initiates the DMA process to read 

(normally 0.013 seconds of real time). Subprogram 

13 cycles of data 

UNPAK simultaneously 

transforms the previously-read column-oriented data array into a row-oriented 

array that is stored as one word for each cassette tape. If digital filtering 

is requested, each set of 4 bits is checked for proper content. If a "0100" 

series is found, it is converted to "0000"; if a "1011" series appears, it is 

changed to "1111"; and if a "1101" series occurs, it is converted to "1111". 

Experience has shown that digital filtering is not necessary, however, if the 

analog recording is of good quality. 

Next, each row-oriented 16-bit word (3 previously unprocessed bits plus 

13 new data bits) is processed by HUNT to determine, by identifying a unique 

series of one zero followed by three ones, the beginning of a new data bit. 

During this search process, the number of samples with a 1 is counted by one 

counter, and the number of samples is registered on a second counter. If the 

number of samples with a 1 is less t/',an half the number of samples, the bit is 

identified as a zero; otherwise, the bit is called a one. This bit is added 

to the data already detected for the appropriate cassette tape recorder. The 

end-of-data for the 32-bit record that represents one second of real time is 

detected when the number of samples exceeds 32. Then, the number which 

identifies the channel number corresponding to a particular cassette tape, 

along with the 32 bits of data, is added to the output buffer. when the 

output buffer is full, the DMA channel is activated to write the buffer 

content onto the 9-track tape. The 9-track tape is used because the 7-track 

tape drive is not fast enough to keep up with the DMA process. The operator 
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must command PR18416 to discontinue input and complete the processing of data 

in the output buffer. The 9-track tape is IBM compatible. 

HPCDC converts the 9-track magnetic tape to a 7-track CDC-compatible 

magnetic tape. The 60-character ident is converted from ASCII character 

format to CDC display code and written as a 6-word (60 bits per word) record. 

The data are then read and output as 500-word (60 bits per word) records. 

7.4.4 Output 

Output from PR18416 includes printed output and a 9-track magnetic tape. 

The printed output consists of informative messages printed on the HP2115A 

teleprinter. The 9-track magnetic tape includes the title for the run and the 

digitized field data. Table 7.1 gives the structure of the 9-track magnetic 

tape. 

Output from HPCDC includes printed output and a 7-track magnetic tape. 

The printed output consists of informative messages printed on the HP2115A 

teleprinter. The 7-track magnetic tape includes the title for the run and the 

digitized field data. Table 7.2 gives the structure of the 7-track magnetic 

tape. 

7.4.5 Verification 

Verification of PR18416 was accomplished by using a test data set punched 

on paper tape and substituted for the cassette tape input. An ancillary 

program to list the 9-track magnetic tape on the teleprinter, LIST9, was used 

to verify that the test data set had been properly digitized. Also, a test 

data set on cassette tape was printed using a strip chart recorder and hand 

digitized. These data were then compared with the output from PR18416. 

Verification of HPCDC was accomplished by using the two test data sets 

mentioned previously. Another ancillary program to list the 7-track magnetic 

tape on the teleprinter, LIST7, was used to verify that the test data set had 

been properly converted from the 9-track magnetic tape to the 7-track magnetic 
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Table 7.1 Data Structure for the 9 Track Tape 

1- Start-of-tape marker 

2. First data set 

a. 1st record (30 words) 60 character title for run 

b. 2nd record (30 words) 10 sets of data containing 32 bits of 

information and cassette tape number 

c. 3rd record (30 words) same as 2nd record 

y. nth record (30 words) same as 2nd record 

z. End-of-file 

3. Second data set 

a. 1st record (30 words) 60 character title for run 

b. 2nd record (30 words) 10 sets of data 

c. 3rd record (30 words) same as 2nd record 

y. nth record (30 words) same as 2nd record 

z. End-of-file 

4. Other data sets ended with end-of-file 

5. End-of-file (end-of-data marker) 

6. Blank tape 

7. End-of-tape marker 
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Table 7.2 Data Structure for the 7 Track Tape 

1. Start-of-tape marker 

2. First data set 

a. 1st record (6 words) 60 character title for run 

b. 2nd record (500 words) 500 sets of data containing 32 bits of 

information and cassette tape number 

c. 3rd record (500 words) same as 2nd record 

y. nth record «500 words) - same as 2nd record 

z. End-of-file 

3. Second data set 

a. 1st record (6 words) 60 character title for run 

b. 2nd record (500 words) 500 sets of data 

c. 3rd record (500 words) same as 2nd record 

y. nth record «500 words) - same as 2nd record 

z. End-of-file 

4. Other data sets with end-of-file 

5. End-ot-file (end-of-data marker) 

6. Blank tape 

7. End-ot-tape marker 
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tape. 

7.4.6 Computer Requirements 

ADPRO requires an HP2115A computer system with (1) 8K of core memory, 

(2) teleprinter terminal, (3) 9-track and 7-track magnetic tape drives, 

(4) DMA channels 1 and 2, (5) +16-bit duplex registers, (6) a 1000-Hz pulse 

generator, and (7) an analog-to-digital converter. The standard operating 

system included (1) a magnetic tape absolute loader, (2) a paper tape absolute 

loader, (3) a relocatable lO'-lder, (4) a FORTRAN compiler, (5) an HP2115 

assembly language assembler, and (6) a relocatable library of standard 

software. 

PR18416 requires the same amount of time to digitize the data as it 

originally took to record the data on cassette tapes. One hour of field data 

on 6 cassette tapes takes one hour to digitize. Two studies, each being for a 

duration of one hour and using 3 cassette tapes, could be digitized in c 

single one-hour session. 

HPCDC requires about 2 minutes to convert each hour of data from all 6 

cassette tapes to 7-track form. 

7.4.7 Documentation 

Documentation for ADPRO consists of numerous COMMENT statements within 

each of the programs and an in-house user's ?uide. Appendix F.1 gives the 

listing fOl' PR18416, HPCDC, '-lnd several common subprograms u~ed by each. 

7.5 The 8elay, Volume, And Headway Processor 
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7.5.1 Introduction And Purpose 

The purpose of the delay, volume, and headway processor, DVHPRO, is to 

(1) read the digital 7-track magnetic tape produced by ADPRO and (2) gather 

and print the observed performance statistics for selected time intervals. 

These performance statistics can be used as input to the traffic simulation 

processor or to calibrate the model. DVHPRO is capable of gathering queue or 

stopped delay, volume, average delay, headways, and signal indications for 

selected time intervals. 

7.5.2 Input Requirements 

DVHPRO accepts as input the 7-track magnetic tape produced by ADPRO and 

several options, which include (1) the title of the ADPRO run to be processed, 

(2) the number of cassette tapes from the magnetic tape to be processed, 

(3) the tape positioning option, (4) the time interval for summarizing 

statistics, and (5) the desired statistics. Table 7.3 gives the input and its 

format for DVHPRO. 

7.5.3 Algorithms For Computation 

DVHPRO reads the 7-track magnetic tape and separates the data according 

to the cassette tape numbers. A disk file named TAPE1 will have only the data 

digitized from cassette tape 1, and so on. To gather queue or stopped delay, 

the program sums the prescribed counter reading for the specified time 

interval, ~tores the sum, and reports the sum. In the summation process, some 

data points are synthesized when there is a time gap in the data. Also, a 

counter series of, say, 8, 9, 0, and 11 will be changed to 8, 9, 10, and 11 to 

reduce the error when using the mechanical counters. The amount and percent 

of data synthesized are reported. The delay will be in units of 

vehicle-seconds. 



Table 7.3 Input and Format for DVHPRO 

1. 7 track tape produced by ADPRO 

2. Delay, volume, and headway processor options 

a. 60 character title from adpro run for desired run 

b. Number of CASSETTE TAPES to process 

c. Tape positioning option 

d. Time interval for SUMMARIZING statistics 

e. Desired statistics 

1. Queue or stopped delay 

a. Tape number 

b. Counter number 

c. Type of counter 

1- Electronic 

2. Mechanical 

2. Volume 

a. Tape number 

b. Counter number 

c. Counter digit 

d. Type of counter 

1- Electronic 

2. Mechanical 

3. Average delay 

a. Queue or stopped delay 

1- Tape number 

2. Counter number 

b. Volume 

1- Tape number 

2. Counter number 

3. Counter digit 

4. Headway 

a. Tape number 

b. Counter number 

c. Counter digit 

(continued) 
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d. Type of counter 

1. Electronic 

2. Mechanical 

5. Signal indications 

a. Tape number 

Table 7.3 (continued) 
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To gather volume statistics, each time the prescribed counter reading 

changes values, the absolute value of the change is added to the sum. This 

sum is then stored and reported for each specified time interval. Thus, when 

the counter reading goes from 9 to 0, the sum is incremented by 1. 

To report average delay, DVHPRO divides the delay (converted to an 

equivalent hourly delay) by the volume (converted to an equivalent hourly 

volume) for the specified cassette tape number and counter. 

To determine headways, each time the prescribed counter reading changes, 

the elapsed time is written onto the specified disk file. The headways will 

thus be accurate only to the nearest second. For low-volume approaches, this 

seems to be adequate. 

7.5.4 Output 

Output from DVHPRb includes printed output and optionally a disk file. 

The printed output includes (1) the 60-character title of the run processed, 

(2) the number of data points on each cassette tape, (3) the cumulative 

desired statistics by time increment, (4) the number and percent of data 

pOints synthesized, and (5) any error messages. The disk file output is 

produced if headways are processed. It includes the 60-character title of the 

run processed and the headways. The data are formatted to be used directly as 

input to the headway distribution fitting processor. 

7.5.5 Verification 

Verification of DVHPRO was accomplished by examining debug prints of 

intermediate results and by comparing the output from test runs with the 

results obtained by hand calculations for the same data. 
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7.5.6 Computer Requirements 

DVHPRO requires 9152 words (21700 octal) on CDC computers. A typical run 

of one hour of data from 4 cassette tapes takes 30 computer seconds on CDC 

computers. 

7.5.7 Documentation 

Documentation for DVHPRO includes numerous COMMENT statements within the 

program and an in-house user's guide. Appendix F.2 provides a listing of 

DVHPRO. 

7.6 The Headway Distribution Fitting Processor 

7.6.1 Introduction And Purpose 

The purpose of the headway distribution fitting processor, DISFIT, is to 

aid the user in the selection of an appropriate mathematical description of 

observed headway distributions. DISFIT (1) reads headways recorded by the 

delay recording device, the time recording device, or other event timing 

devices; (2) computes the location and dispersion parameters for the data, 

fits selected mathematic~l distribution~ to the empirical headway data based 

on the best-fit parameters calculated from the mean and variance of the data, 

calculates Chi-Squared, alpha, and the confidence level for the Chi-Squared 

~oodness-of-fit test, and determines the maximum cumulative difference for the 

Kol~ogorov-Smirnov one-sample test; and (3) plots a histo~ram of the input 

headway data and of each distribution fitted. 
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7.6.2 Input Requirements 

The input required by DISFIT is very simple: (1) a 60-character title 

for the run and (2) one headway per input card image. The headways are 

assumed to be in seconds. 

7.6.3 Algorithms For Computation 

The headway distributions fitted are: (1) Erlang, (2) gamma, 

(3) lognormal, (4) negative exponential, (5) shifted negative exponential, and 

( 6) uniform. 

For the Erlang distribution (described 

Section 4.3.3.1), the K and ALPHA parameters are 

K = mean**2/variance (integer value) 

ALPHA = K/mean 

in more detail in 

(7.2) 

For the gamma distribution (described in more detail in Section 4.3.3.2), 

the A and ALPHA parameters are 

A = mean-*2/variance 

ALPHA = A/mean 

For the lognormal distribution (described in more 

Section 4.3.3.3), the MEANY and the SDY parameters are 

MEANY = ALOG(mean) O.5 RALOG((variance/mean**2)+1) 

SDY = SQRT(ALOG((variance/mean**2)+1)) 

detail in 
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For the negative exponential distribution (described in more detail in 

Section 4.3.3.4), the TBAR parameter is 

TBAR = mean 

For the shifted negative exponential distribution (described in more 

detail in Section 4.3.3.5), the TBAR and TAU parameters are 

TBAR = mean 

TAU = mean SQRT(variance) 

For the uniform distribution (described 

Section 4.3.3.6), the A and B parameters are 

A = mean SQRT( 3*variance) 

B = mean + SQRT(3~variance) 

(7.8) 

in more detail in 

(7.10) 

(7.11) 

For each distribution fitted, the expected number of occurrences is found 

for each one-second class from zero to fifty seconds. The Chi-Squared 

statistic is computed using the one-second classes. If the expected number of 

occurrences is less than 5, the classes are combined until it is 5. The 

number of degrees of freedom is then the actual number of classes, minus one, 

and minus one for each parameter estimated from the data. Alpha and the 

confidence level are then determined for each distribution 

Chi-Square statistic and the number of degrees of freedom. 

that has the highest confidence level will be the best. 

fitted using the 

The distribution 

The maximum cumulative difference is calculated using the one-second 

classes from zero to fifty seconds. Since there is no degree of freedom for 

the max imum cumulative difference, the data should have more properly been 

randomly divided into two sets, the parameters for the distribution calculated 

from one of the sets of data, and the maximum cumulative difference found from 

the other set of data. Since this was not done, an alpha value cannot be 

correctly computed. The distribution that has the lowest maximum cumulative 

difference value will be best. 



287 

7.6.4 output 

Printed output from DISFIT includes (1) the title for the run; (2) the 

location and dispersion parameters for the input headway data; (3) a review 

of the analysis of each distribution fitted, including (a) the best fit 

parameters needed by the driver-vehicle processor, (b) the Chi-Squared 

statistic, the number of degrees of freedom, the alpha value, and the 

confidence level, (c) the maximum cumulative difference statistic, and (d) any 

error noted; (4) a histogram for each distribution fitted, including the 

input data and the distribution fitted; and (5) any execution error and a 

print of selected program variables (if there is an execution error). 

7.6.5 Verification 

Verification of DISFIT was accomplished by examining debug prints of 

intermediate results, independent testing of selected subprograms, and 

analysis of test data sets. 

7.6.6 Computer Requirements 

DISFIT requires 7,488 words (16,500 octal) of storage on CDC computers 

and 45,400 bytes of storage on IBM computers. Typical execution times for 100 

headways takes 8.9 seconds on CDC computers and 13.4 seconds (0.223 minutes) 

on IBM computers. 

7.6.7 Documentation 

Documentation for DISFIT includes an explanation of the input and output 

contained in a user's guide (Ref 15), numerous COMMENT statements within the 

computer program, and a programmer's guide (Ref 19). The programmer's guide 
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includes (1) the headway distribution fitting processor limitations, (2) a 

listing of the input errors detected, (3) a listing of the execution errors 

detected, (4) the definition of the variables in each CO~~lON block, (5) the 

definition of the local variables used in each subprogram, (6) an alphabetical 

listing of all subprograms and the subprograms which can call them, (7) an 

alphabetical listing of all the variables, their storage types, and the 

subprograms in which they are used, and (8) a generalized calling sequence 

diagram. Appendix F.3 contains the listing of DISFIT. 



8.0 CALIBRATION 

Verification of the traffic simulation model, the process of ensuring 

that a particular algorithm for computation has been properly implemented in 

computer language, has been described for the major components of the traffic 

simulation model in previous chapters. Calibration of the traffic simulation 

model involved modifying the computer program such that statistics gathered 

and reported by the model reasonably agree with the statistics gathered from 

field studies under similar conditions. 

8.1 Sources Of Error 

There are two major sources of error; one is the field data collection 

technique and the other is the traffic simulation model. 

The major cause of error in the field data collection techniques seem to 

be in the observer. Observers found difficulty in maintaining the proper 

counter reading. When collecting queue delay, the observer keeps the current 

queue length on the counter. As the queue length becomes large, both the 

start and end of the queue must be observed to detect when new vehicles join 

the queue and when vehicles leave the queue. When collecting stopped delay, 

the observer keeps the current number of vehicles stopped in a queue on the 

counter. As the queue length becomes large, the entire queue must be observed 

to detect when a vehicle stops or starts. The observer must also keep an eye 

on the cassette tape recorder to ensure its proper functioning and to turn the 

cassette tape over when it nears the end of a reel. There also seemed to be a 

difference in judgment as to when the vehicle actually stopped. Measurement 

of volumes and headways did not seem to contain significant observer error. 

Another source of error in the field data could be in the delay recording 

device and the time recording device. Numerous tests of the equipment were 

performed to ensure that they functioned properly. Occasionally, though, one 

of the devices would fail in the field and would have to be repaired later. 
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If the battery was not charged adequately, the device might not perform 

properly or operate for the required amo~t of time. Proper set~ing of the 

volume and tone controls on the cassette tape recorder was required to produce 

an acceptable tape. 

The analog-to-digital process did not seem to contain errors. Adequate 

checks in the digitizing process cause a bad data record to be detected. The 

program can be made to halt on the error or discard the record. Several hours 

of data were digitized using the halt-on-error option (see Section 7.4.2) and 

none were detected. 

When statistics are gathered from the raw field data, several checks are 

performed to correct the observer's input. The volume and headway algorithms 

performed properly whether the observer used the increment or decrement button 

on the device. In the same fashion, delay measurements were monitored for 

l~ge fluctuations in the counter reading in a short amount of time and were 

corrected. There seems to be little error introduced by this step in the 

process. 

The other major cause of error would result from the traffic simulation 

model's ability to accurately replicate the actions of ~e driver. The model 

is very precise. The driver is able to accurately predict his position and 

velocity in the future as well as other vehicles' position and velocity. In 

real life, a driver's judgment is not so accurate. The model also allows a 

driver to know exactly what another driver is doing in addition to having 

precise data about his current position and velocity. Accurate determination 

of acceleration and deceleration required to maneuver the vehicle is also 

possible. Any simulated driver can decelerate to a stop to within 0.25 feet 

(0.0762 meters) of his desired position if acceptable limits of deceleration 

and deceleration slope are not violated. 

Several judgment variables are included in the driver's response. 

variables are discussed in more detail in the next section. 

These 

The traffic simulation model's logic is precise. Criteria are 

established which determine the conditions under which a p~ticular action can 

be made. When the conditions exist, the action is taken. Drivers do not 

change ~eir minds in the model. 

There are several driver responses which were not programmed: 

(1) drivers will not jump the green signal, (2) left turning vehicles will not 

move part of the way into the intersection when the signal turns green, 
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(3) drivers will not enter the intersection unless there is a clear path 

through the entire intersection, (4) not more than one driver will enter the 

intersection on the amber, (5) drivers will not run a red light, (6) drivers 

will not block other vehicles who already have the right-of-way, and (7) there 

is no pedestrian influence. On the other hand, drivers will always make 

simultaneous movements, such as left turns, if there are no intersection 

conflicts. The model can also determine exactly when a vehicle is stopped and 

can record minor move-up maneuvers within the queue which were undetected in 

the field data. 

One of the more vague areas is the assignment of different driver types 

to particular classes of vehicles and the characterization of the driver and 

vehicle characteristics. 

8.2 Parameters Modified 

Several parameters within the traffic simulation model were modified so 

that statistics gathered and reported by the model would reasonably agree with 

the statistics gathered from field data under similar conditions. The basic 

logic of the model was not altered. The parameters modified were all in the 

driver judgment area. 

The velocity at which a driver-vehicle unit is considered to be stopped 

was set at 3 ft/sec (0.9144 m/sec). This action was warranted because most 

observers recorded a virtual stop rather than an absolute stop when gathering 

stopped and queue delay. The model components affected are (1) the time when 

a driver-vehicle unit joins a queue, (2) the average and maximum queue 

lengths, (3) the queue delay for a driver-vehicle unit, and (4) the stopped 

delay for a driver-vehicle unit. 

The value for the lead and lag safety zones for intersection conflict 

checking determines the availability of a clear path through the intersection. 

The recommended value for the lead safety zone is 1.5 seconds and for the lag 

safety zone is 2.5 seconds (see Fig 5.15). Assuming that (1) the judgment 

error is zero, (2) the driver's perception-reaction time is equal to the 

average perception-reaction time, (3) the vehicle would be travelin~ at 16 

ft/sec (4.8768 m/sec), and (4) the vehicle's length would be 16 feet (4.8768 
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meters)], then the minimum acceptable gap for an average driver is found to be 

5 seconds. The intersection conflict checking is a very important phase in 

non-signalized intersection control. It is less critical at signalized 

intersect}ons because many movements are protected. The model components 

affected are (1) the sight distance restriction checking; (2) the 

intersection conflict checking; (3) all of the delay statistics gathered and 

reported by the traffic simulation model; (4) the travel time; and (5) the 

average and maximum queue length. 

The hesitation time for vehicles entering the intersection at 

unsignalized intersections is an attempt to account for the time delay that 

drivers experience because of their perception-reaction time and because they 

are reluctant to immediately enter the intersection when the path is clear 

because of uncertainty of the right-of-way. The hesitation time, THES, in 

seconds used in SIMPRO is: 

THES = 3. O*PIJR + AMINH (PIJR+ 1) ltNV ATIN/6. 0,1. 5) (8. n 

where PIJR is the perception-reaction time of the driver in seconds and NVATIN 

is the number of vehicles stopped at the stop line at the intersection. It is 

to be remembered that the average PIJR time is usually 1 second. In such a 

case, THES would be 4.5 seconds when NVATIN is 6. The model components 

affected are (1) all of the delay statistics gathered and reported by the 

traffic simulation model, (2) the travel time, and (3) the average and maximum 

queue lengths. 

The hesitation time for the first vehicle in a queue entering the 

intersection when the signal turns green at signalized intersections is an 

attempt to account for the time delay that drivers experience because of their 

perception-reaction time. Only the first vehicle in the queue experiences the 

delay. The other vehicles in the queue react to the move-out of the lead 

vehicle. The march-out headways are illustrated in the next chapter. The 

model components affected are (1) all of the delay statistics gathered and 

reported by the traffic simulation model; (2) the travel time; (3) the 

average and maximum queue lengths; and (4) the march-out headways. 

The final modification was made in the parameters for the generalized 

car-following equation; lambda, mu, and alpha (discussed in Section 5.3.6). 

Acceptable limits have been determined for lambda and mu. An increased value 



of lambda decreases the 

slightly decreases the jam 

density. An increased 

free speed, 

density, and 

value of mu 
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barely increases the optimum speed, 

moderately increases the optimum 

slightly increases free speed, barely 

increases optimum speed, greatly increases jam density, and decreases optimum 

density. In the car-following equation, an increased value of lambda 

decreases the computed value of deceleration, while an increased value of mu 

increases the computed value of deceleration. An increased value for alpha 

directly increases the computed value for deceleration. Vehicles can be made 

to follow closer or farther apart and at a lower or higher velocity. The 

model components affected are (1) the position, velocity, and 

acceleration/deceleration of the vehicle; (2) the time when a vehicle joins a 

queue; (3) all of the delay statistics gathered and reported by the traffic 

simulation model; (4) the travel time; and (5) the average and maximum queue 

lengths. 

In all cases, changes 1n the model parameters were restricted to 

reasonable values for the parameters. 
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9.0 VALIDATION 

Validation is defined as the process of ensuring that the calibrated 

model is valid over a wide range of conditions. Numerous runs of the traffic 

simulation model were performed to validate the individual components of the 

model and the summary statistics. One of the most important components of the 

model is the acceleration, deceleration, and car-following concepts used in 

the model. As an example of the validity of these concepts, Fig 9.1 

illustrates the position and velocity versus time plot for a test case. The 

first vehicle entered the system at a desired speed of 30 ft/sec (9.144 m/sec) 

and 1 seconds later, the second vehicle entered the system at a desired speed 

of 50 ft/sec (15.24 m/sec). After about 12 seconds, the second vehicle 

overtook the first and decelerated until the speeds approximately matched. 

The first vehicle later decelerated to a stop at the intersection in response 

to a stop sign and the second vehicle stopped behind the first. After the 

first vehicle entered the intersection, the second vehicle advanced to the 

stop line and then entered the intersection also. The second vehicle again 

caught up with the first and trailed at a safe following distance. This 

example illustrates the car-following, linear deceleration, and linear 

acceleration concepts used in SIMPRO. The smooth trajectory of each vehicle 

indicates that all components of the model functioned properly for this test 

case. 

An additional check of the internal components was made by plotting the 

march-out headways of vehicles at signal controlled intersections (see 

Fig 9.2). These headways compared favorably with observed values (Ref 39). 

In this comparison, particular attention was given to the location of the 

screen line, as suggested by Berry (Ref 40). It is interesting to note that 

SIMPRO delays only the first vehicle in the queue. The screen line basis for 

the comparison was the stop line. 

Overall validation of the traffic simulation package was accomplished by 

comparing queue delay at non-signalized intersections (see Fig 9.3) with data 

collected from field studies. The resulting agreement between the observed 

and simulated delay values is an example of the validity of the model. 
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10.0 POTENTIAL USES FOR THE TRAFFIC SIMULATION PACKAGE 

This model may be used to study traffic behavior at a single intersection 

that is operating either uncontrolled or under any conventional type of 

control. Features of the model which make it particularly suitable include 

accommodation of 5 driver classes and 15 vehicle classes; 6 approaches with 6 

lanes per approach; 1000-foot (304.8-meter) lane lengths; sight 

restrictions; uncontrolled operation; 8-phase signal control with 

skip-phase, dual-left, and parent/minor options; 2 detector types and 5 

detectors per lane; 72 signal intervals (cam stack positions); geometrically 

correct lane-changing maneuvers and paths through the intersection; and 

left-turn-on-red and right-turn-on-red options. Table 10.1 suggests some 

possible applications for the model. 

In recent months, more than 600 runs of the model have been made and the 

results have been evaluated in relation to capacity analysis of unsignalized 

intersections (Ref 41) and warrants for various types of control (Ref 42). 
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Table 10.1 Potential Uses for Simulation Package 

1. Evaluation of existing conditions 

2. Evaluation of roadway geometry changes 

A. Adding/deleting/modifying an approach 

B. Adding/deleting/modifying a lane 

C. Adding/deleting/modifying a special left/right turn lane 

D. Modifying permissable turning movements for a lane 

E. Adding/deleting/modifying a point of sight distance restriction 

3. Evaluation of driver and vehicle changes 

A. Modifying percentages of vehicle types 

B. Modifying percentages of driver types 

C. Modifying driver characteristics 

D. Modifying vehicle charactersitics 

E. Adding/deleting/modifying special drivers 

F. Adding/deleting/modifying special vehicles 

4. Evaluation of flow changes 

A. Modifying volumes 

B. Modifying headway distributions 

C. Modifying lane occupancy 

D. Modifying turning distribution 

5. Evaluation of intersection control changes 

A. Uncontrolled 

B. Yield sign controlled 

C. Less-than-all-way stop sign controlled 

D. All-way stop sign controlled 

E. Pre-timed signal controlled 

F. Semi-actualed signal controlled 

G. Full-actuated signal controlled 

6. Evaluation of lane control changes 

A. Uncontrolled lane 

B. Yield sign controlled lane 

C. Stop sign controlled lane 

D. Signal controlled lane 

(continued) 
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Table 10.1 (continued) 

E. Signal controlled lane with left turn on red permitted 

F. Signal controlled lane with right turn on red permitted 

7. Evaluation of signal controller option changes 

A. Lengthening/shortening cycle length 

B. Modifying cycle split 

c. Location and type of vehicle detectors 

D. Modifying controller timing 

E. Adding/deleting single movement phases 

8. Evaluation of capacity 

9. Evaluation of warrants for traffic control devices 
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11.0 RECOMMENDATIONS 

There are several recommendations that can be made concerning the traffic 

simulation package. Further research; additional modifications and 

capabilities; further validation; and a sensitivity analysis of selected 

model variables are proposed. 

11.1 Further Research 

When implementing the linear acceleration algorithm, there was inadequate 

information defining the maximum initial acceleration used by a driver to 

accelerate to his desired speed (see Section 5.3.4). Most of the information 

related to the uniform acceleration used by a driver to accelerate to his 

desired speed. The difficulty in adapting to the linear acceleration 

algorithm is that the linear and uniform acceleration models are not 

compatible. There exists no non-zero value of acceleration slope (jerk) which 

will make a vehicle accelerate from a stopped position to the same speed in 

the same distance. Re-analysis of existing data or further research into this 

area could provide more accurate estimates. 

When implementing the linear deceleration algorithm, there was also 

inadequate information defining the maximum final deceleration used by a 

driver to decelerate to a stop (see Section 5.3.5). Most of the information 

related to the uniform deceleration used by a driver to decelerate to a stop. 

The difficulty in adapting to the linear deceleration algorithm is that the 

linear and uniform deceleration models are not compatible. There exists no 

non-zero value of deceleration slope (jerk) which will make a vehicle stop in 

the same distance from the same speed. Re-analysis of existing data or 

further research into this area could provide more accurate estimates. 

Much theoretical research has been devoted to car-following. This 

traffic simulation model represents the first major work to use the 

generaliz~, non-integer car following equation (see Section 5.3.6 and 
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Section 5.3.6.1). ~ay (Ref 35) provided valuable insight into the sensitivity 

and range of lambda and mu to free speed, optimum speed, jam density, optimum 

density, and maximum flow. Better estimators for these variables are needed 

so that the general user may determine lambda and mu. There seems to be 

little information on methods for determining alpha. Most of the field data 

gathered for validating car-following models have been for the open road or 

freeway conditions. It is necessary to take and analyze additional data in 

the low velocity, congested flow region. SIMPRO uses equations developed by 

the Center For Highway Research staff defining the car-following distance 

under various conditions. This determines what mode of car-following the 

driver should be operating in. Research into this area should prove 

beneficial in refining the equations to more adequately represent the real 

world. 

Most of the research on lane changing concentrated on the gap acceptance 

aspects. Particular attention focused on the probability of acceptance or 

rejection of a given length gap. SIMPRO needs equations relating acceptable 

lead and lag gaps with current velocity (see Section 5.3.17 and 

Section 5.3.17.1). Additional research could develop better estimators for 

these val ues. Further research might find some bet ter relationship for the 

time required to complete a lane-change maneuver. 

Several parameters for intersection control suggest additional study. 

Acceptable values for the lead and lag safety zones for intersection conflict 

checking and sight distance restriction checking need to be investigated (see 

Section 5.3.15 and Section 5.3.16). Also the time or distance from the 

intersection that drivers are willing to dedicate themselves to entering the 

intersection should be studied. The willingness of drivers to make 

simultaneous movements within the intersection should be investigated along 

with the conditions under which a driver jumps the green for left turns (see 

Section 5.3.11.5). Finally, the maximum clear distance for being in a queue 

should be researched and the limits defined (see Section 5.3.23). 
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11.2 Additional Modifications And Capabilities 

The geometry processor should be modified to accommodate bus-only lanes 

and diamond intersections. This would improve the usefUlness of the package. 

To increase efficiency of GEOPRO, the storage management techniques should be 

removed . 

The driver-vehicle processor should be modified so that a traffic stream 

could be generated which represented the effects of an upstream signal; so 

that the volume could change and the headway distribution parameters could 

change as the queue-in time increases; allowing buses to be generated using a 

bus schedule and a dwell-time distribution; adding fuel consumption and 

pollution emission values for the default vwhicles; adding pedestrians; and 

allowing diamond intersections. 

The traffic simulation processor should be modified to allow a driver 

more freedom in the selection of intersection paths; add fuel consumption and 

pollution emission statistics for summary by approach and turn code; add 

pedestrian influences; allow a vehicle to occupy both lanes in a lane change 

maneuver until it is completed; remove the storage management techniques to 

increase efficiency; allow optional lane changes on outbound approaches to 

reduce total delay and travel time; allow the simulation of diamond 

intersections; allow buses to stop and load passengers; allow drivers to 

jump the green when turning left; and reduce a vehicle's deceleration to zero 

before a deceleration-to-a-stop maneuver is completed. 

11.3 Further Validation 

The traffic simulation package should be further validated for each type 

of in tersection control: uncontrolled, yield sign controlled, 

less-than-all-way stop sign controlled, all-way stop sign controlled, pretimed 

signal controlled, semi-actuated signal controlled, and full-actuated signal 

controlled. The traffic simulation package should be cross-validated with 

other functioning microscopic traffic simulation models. 
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11.4 Sensitivity Analysis Of Selected Model Variables 

A sensitivity analysis should be performed for the following model 

variables to determine their effect upon the summary statistics: driver 

operational factor; driver perception-reaction time; the driver mix in the 

various vehicle types; the vehicle operating characteristics; the vehicle 

mix in the traffic stream; the parameters for the linear acceleration model; 

the parameters for the linear deceleration model; the values for lambda, mu, 

alpha for the generalized car-following equation; the step increment for 

simulation time; the start-up and simulation times; the maximum clear 

distance for being in a queue; the headway distributions; the time for the 

lead and lag safety zones for intersection conflict checking; the velocity at 

which a vehicle is considered stopped; and the hesitation time for vehicles 

entering the intersection at non-signalized intersections. 



12.0 SU~~ARY 

The Center For Highway Research at The University of Texas at Austin has 

developed a new microscopic traffic simulation package, called the TEXAS 

Model, which can be used as a tool by transportation engineers to evaluate 

traffic performance at isolated intersections operating under various types of 

control. The package consists of a geometry processor, called GEOPRO, a 

driver-vehicle processor, called DVPRO, and a traffic simulation processor, 

called SIMPRO. 

GEOPRO calculates the geometric paths of vehicles on the approaches and 

in the intersection, identifies points of conflict between intersection paths, 

and determines the minimum available sight distance along each inbound 

approach. This information is written onto a magnetic tape for subsequent use 

by SIMPRO. 

DVPRO characterizes the traffic stream to be simulated by generating 

queue-in time and other random descriptors for individually characterized 

driver-vehicle units, describes pertinent characteristics of up to 5 classes 

of drivers and up to 15 classes of vehicles, and writes this information on a 

tape for later use by SIMPRO. An auxiliary headway-distribution-fitting 

processor aids the user in selecting appropriate headway distributions that 

appropriately describe observed or predicted traffic patterns. 

SIMPRO processes each driver-vehicle unit through the intersection system 

and gathers and reports a large selection of performance statistics. Linear 

acceleration and deceleration models are incorporated within the TEXAS Model, 

and a non-integer, microscopic, generalized car-following equation is used. 

Traffic signal simulators are included for pretimed, semi-actuated, and 

full-actuated cont~llers. Other intersection control options include 

uncontrolled, yield sign controlled, less-than-all-way stop sign controlled, 

and all-way stop sign controlled. Several new techniques of traffic 

si~ulation are implemented, including a geometrically accurate lane-change 

maneuver; sight distance restriction checking; intersection conflict 

checking; and efficient storage and logic processing methods. New field data 

recording devices which aid in collecting data for validation of the traffic 
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simulation package and in determining suitable input for the model are 

described. 

Input to the TEXAS Model has been designed to 

minimal while output is concise and functional. 

developed for both users and programmers. 

be user-oriented and 

Documentation has been 

The TEXAS Model may be applied in evaluating existing or proposed 

intersection designs and for assessing the effects of changes in roadway 

geometry, driver and vehicle characteristics, flow conditions, intersection 

control, lane control, and signal timing plans upon traffic operations. 

The TEXAS Model is a useful and effective method for predicting traffic 

performance at existing and proposed intersections. The summary statistics 

that are reported can be obtained for a fraction of the cost of conventional 

field study techniques. The detail that has been incorporated into the model 

gives the user confidence that the behavior of the simulated driver-vehicle 

units is similar to that which is observed in the real world. 
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~EGI'"I'G nQERLI'E x CI'o"nl'ATE' 8~~ 
Af.r,!~·~)~,r.. CfNTFRLT';E Y C(lOPCr"'AlF .. I}ij" 
SPfED Ll-IT (,PN' ••••••••••••••••• )1 
~UMBEN 0~ "EGREfS FOO ST"AIG_T •••• '0 
""u"'R(~ OF IJtCRfES FO", \J-TU~ft.,I •• -... tid 
'~U~·HI;:,1o. OF L41.t.5 ...... ____ ...... __ • ___ .__ 2 

l A'~ 
1 
? 

ffll"- '" r!'l~ "--L r.~,f GE{;;"E T~V .. __ t.f:G~l lUkI".S 
1~ ~y~ 4Vd LS) 
IP "t~ u~~ S~) 

..... 

C~EOlAN LA"O 
(CURR LANE) 

(H~O!A~ LAN! I 
(CeRR L 'N£) 

(M!O"~ L'"U 
ICURI! LANE) 

(~F fA/\, L.6.Nt ~ 

(CL,R~ LA'!!) 

w ,... 
0\ 



GFJH"t:TRY PfH)CF'SSOA fU~ n04t. IE"X.AS HUFFIC 5I~lIlATIflN I-lACKAGE PAGE 

NOR"AL ~ • " INTERSECTION EXA"PLE 

APPU{,ACH ~U~AER --------•• --.-----­

APPROACH AZI~UTH -------------.----
BECINNING CENTERLINE X COO~DINATE -
R~GINNING CENTERLINE Y COOADINATE -

SPEED LI~IT (MPM' ----------------­NUMBER OF DEGREES FOR STRAIGHT ----
NU"BER OF DEGREES FOR U.TURN ------
NUMBER OF LANES --------------.----

1 
o 

eue 
AU 

39 
i9 
10 

2 

LANE IL ISL' _lnTH ---LANE GEO_ETRY ___ LEGAL TURNS 
I 13 ~ \R P ~00 ~00 LS ) 
2 I" 10 "00 ~00 SRI 

APP~OACM ~UM8EA .__________________ 8 

APPROACH AZI"UTH ------------------ 270 
6fGINNING CENTERLINE X COORDINATE - ee0 
BEGINNING C!NTfRLINE V COORDINATE - 64e SPEEn LI"IT (M~H) ________ •• _._____ ]0 

NUMBER OF OEGREfl FOR STRAIGHT .--- 29 
NU'BE~ OF DEGREES F~R U-TURN ------ \0 
~UM~EQ OF LANES .--- _________ ._.___ 2 

LAN! IL IBLN _10TH ---LANE GEO~ETRY. __ Lf6Al TURNS 
I 15 0 10 • U00 0 "00 (LS) 
1 Ib 10 ~00 4~0 (SR) 

TOTAL NU"BER OF APPROACHES. 

TABLE LISTIN~ OF ARCS (FOR PLOTTING ONLV) 

A~( NU~B~R .--------.-------------- 1 CENTER X cnUROINATE _______________ e00 
CENTE~ Y COORUINATE _______________ 800 

HfGIN~I~G AZIMUTM _- ______________ • 0 
S~f~P A~GLf _______________________ qA RAOluS UF ARC _____________________ 20 

ROTATION F~O" "EGINNING AZIMUTH --- CLOCK-ISE 

AQ[ rJ\I""Hf" .. -- ... -- _____ .... _______ .__ 2 
CfNIF" x cur_OINATE _______________ eR. 
Cf'TER Y cnOROTNATE _______________ 600 

REGI_NI_G 'ZIHUTH ---_------_------ 0 
S~fFP ANGLf -- ____________ • _____ .__ ·~0 

~AnT,IS OF /lRC _ .. _ ..... _______ .. __ • ___ • 22 

~{)TAllnN F~r~' \-lfGIN~JINr. AZIMuT'" --- COUNYEQ CLO[~ ... IS~ 

AQC ~U~HFP --------________________ 3 

Cf"rl< X C[)G~DINATE --------------- e~~ 
rf~TF~ Y cnO~DI~ATf ------------___ ~~~ 
P.~Glfjt 1'.(; ~lI"'IIITIoI __________ .. _ .... ___ lA~ 

5~f~l) A~GL~ -.- ___ ~_. _____________ • Q0 

RArI!IS DF lIM[ ---------- .. -----._--- ?'I 
.... rlAll( 1\ ~~rJ" ~fr.lf"~I""r, t.lI",,"T,· .. -- rLnc~ ... rsr: 

***** 

(MEOIAN LANE) 
(CURB LA~E) 

(MEDI AN LANE I 
(CURB LANE) 

GfO"fT<Y '."CIssno Fno T"f TEXAS TRAFFIC SIMULATION PAC.AGE PAGf. 

NORMAL ~ X ~ INTERSECTIO' E.A.PLE * •••• 

AQC NU~PER -.---------------------­
CENTE" X COOROINATf ---------------CE~TER Y COOROINATE • _____________ _ 

9!GINNING AZIMUTH ----.-----------­
SWEEP AN~Lf ----------------.-----­
RAOIUS OF ARC --.----.-------------RO,ATION FRO" BEGINNINC AZIMUTH ---

TOTAL Nu_efR OF ANCS • 

~ 

6~~ 

eee 
1~0 
_qe 

18 
COU~HR CLOChlSf 

T& ALE 5 LISTING OF OPTIONS AND AOOITIONAL DATA 

PRIMARY PATHS SELECT!O 

PLOT SELECTED USI~G INK PEN 

APPRnACH PAT~S PLOTTEO ON SEPARATE FRA.ES 

APPROACH SCALE FACTO" FROM INPUT IS 2e0,0 FEET PER I.CH 

I~TfAIECTION BCALE 'ACTOR 'AO" INPUT IS Z0,0 FEET PER I_CH 

A STRAIG"T LINE -ILL BE USED FOR A PATH _ITH A ~AnIUS ~T 500,e0 FT 

PROGRA. CHECKS TO SEE IF THE CENTER TO CENTER DISTANC! 
~!T'EfN VEHICLES ~fCOME8 LESS THA. OR EQUAL TO Ie 'fET 

PLOT PAPER .IDTH • 12 INCHES 

APPROACH SCALE FACTOR TO 8E USED IS ZB0,S FEET PEM INCH 

INTERSfCTIO"SCALE FACTOP TO HE USED IS 20,~ FEET PER INC~ 

T APL E LlSTI"'~ OF PATHS 

PAT~ 1 ~oES ~~n~ LA~E t OF APPknAC~ 1 T~ LA~E 1 OF APPROACM 
LE.GT. OF.PAT~. 80 'EET A'O SPEED OF PATH • "~ FEET PER SECONn 
.u-AfR 0F C""FLICTS' 1 AND TUPN CPOE FOR PATH IS STRAIG.T 
cn-FLICT EOT"Y '~.6ERS n~DERF" Ay OISTANCE nOON T~IS PAT. ARE 

1 I 5 Z ~ J to 

PAT- 2 GnES FROM LANE I OF APPROACH I TO LANE I OF APPRnACH B 
LENr,T- OF PAT". 11 FEFT 'NO SPfED OF PAT" • 22 FEET PER SECO-" 
NU".'. nF cn"LlfTS = 1 .~u TU~' CnDE FOR PATH IS LEFT 
tn'FLICT fNT.Y NU"BfRS O~DERED 8Y DISTANCE DO-N T~IS PATH ARE 

~ I~ IV 12 11 IJ 

PATM '1;()E5 PHI"" LA~~ 2 (iF APP~OAC~ t TO LA~E 2 OF APP~('IACI'4 e 
L~'~G1~ (F Pt.T~ = 3q ~FET A~D SP~fD G~ PAT~ = 17 rEET PER SEcc~r 
~,v,~[ .. '~ r(lr.~I. YCTS = 1 t·t.l TUk ... Cr)nF FOQ PATt1 I~ ~IG"'T 

r:r~'~LICT t~·T~~ '.IJ"'f..fQS OIoiDt.Qf n ~Y 0ISTA~Cf OU ... ", T .... 15 PAY", A~~_ 

I~ 

W 
t-' 
--.J 



GtOHU"' PRIlCfS500 'O~ TH, H"S T~HHr SI"ULAlla, PAC"G~ .A.l 5 

~n~~AL ~ ~ ~ t~'f~StCTIO~ ~XAMPl~ 

PATH _ GnE5 'R~" LANt 2 OF APPROACH I TO LA'E 2 0' APPRQAC" 
L,"CT" OF PATH' Ai FEET A'O SPE.D OF .ATH • "" 'EtT PER SECOND 
Nu"~ER OF CONFLICTS' 1 AND TUR' CODE FOR .AT" IS STRAIGHT 
CONFLICT ENTR' NUHBERS ORO~REO BY 0!5TA~CE 000' THIS .ATH ARE 

22 21 Ib 20 11 19 15 

PATH 5 GOES FROM LANE 1 OF A •• RO'CH 2 TO LANE I OF A •• ROACH 5 
LENGTH OF .ATH' 11 FfET AND S.EEO OF .ATH • 22 FEET .ER SECOND 
NUH~E. OF CONFLICTS' 7 AND TURN caOf FOR .ATH IS LEFT 
CGNFLICT ENTRY NUMBERS OROERlO BY OIITANC( OOoN THIS .ATH ARE 

2" 10 2S I 2b B 23 

PATH e GOES FROM LANE 1 OF A •• ROACH 2 TO LANE I 0' APPROACH 
LENGTH OF .ATH. 80 FEET AND S.EED OF .ATH • "" FEET PER SECOND 
NUMBfR OF CONFLTCTS. 1 AND TURN CODE FOR PATH IS STRAI;HT 
CONFLICT ~NTRV NU~BER8 ORDERED ay DISTANCE 00., T"IS .AT~ ARE 

11 2S 2 21 3e 2q q 

PAT'" 1 ~nE8 FRO~ LANE 2 OF AI-'PROACH 2 TO LANE 2 OF ,P.ROACH 7 
LENGTH OF PATH. 3q FEET AND S.EED OF PAT~ • 17 FEET PER I~CONO 

'UMPER OF CON'L!CTI • I ANO TURN CODE 'OR PATH II RIG~T 
CON'LICT ENlR' NU~eERS OROERED BY DIITANCE DOON THIS PAT~ ARE 

IA 

.AlH B GOES FRn~ LANf 2 OF A •• ROACH 2 TO LANE 2 OF A.PROACH 
LfN~T" OF PATIoi • 8e FEET A-D SPEED OF PAT~ • ~" FEET PfR SECO'G 
Nu"~ER OF CONFLICTI • 1 A'~ TURN COO~ FOR PA'H IS STRAlG"T 
CONFLICT E'TR' ~u.BfRS ORCE~EC 8Y DISTANCE DOwN THIS .ATH ARE 

10 1 32 35 11 H 3" 

PAT~ q GilES f.RQM LAt..F I (jF APPROAC"-' 3 TO L"E 1 0' A.PRo.ce 5 
LfNGT. OF PATH' Be FEET A'D S.EEO vF .ATH • 4" FEET ~ER SECOND 
Nu.efR of CON'LICTS • 1 AND TURN CODE 'O~ PATH IS STRAIGHT 
C"NFLICT f_TR' Nu"SERS OROEREO "Y DISTA'CE 00.- T"I~ PATH ARE 

1 I H ?7 3b I ~ lP 21 

PAT~ I~ GOES FROM LANE I OF A~PROACH 3 TO LANE 1 OF APP.OACH 0 
lFrlGTr (1F PAT~ • 11 FEET ANO S.EfD OF PAT" • 22 FEET PER SECO'D 
l.tJr<I-H' rlf. r0,FL ICTS • 1 A'O TuR' CODE FOR .ATe IS LEFT 
C""~LrCT fo'R' 'U.~~OS ORDE~ED ~Y DISTANCE OOoN THIS .ATH ARE 

"~ 12 ,8 2~ 2" H 

PAT~ 11 GriES FRI)I'I LA""l 2 uF- A~P~OACr' 1 T~ LANE 2 OF APPROACI1 

LfNr.T~· r~ PATI-" c 8r FEET A'O SPEED OF PAT" • "" FEET PER SECOND 
rdIMP.f~ OF CClNF"lYCTS c 7 AND TURN cnDF .O~ PATe IS STRAIGHT 
cr,~,FLICT P·TRv ~'l''''BF~S C"H'f~ff') ~Y DISTANCf DO~N T~IS gAT~ A~E 

l' 70 -2 11 "I "" "3 

PAT ... It: r;i'~S FfoI[,'·; lA~'E 2 C;F IO~h-uAC'" 3 T' '- jl. ~ I=. l. J ~ APP~I't.CH 

tt:' GTIo- r ~ P,T .. :a 30 FlET A~r: SPEfD OF Pjl.TIo' = \7 'EFT PE~ Sf cnt~D 
,,,,""fiE j.I I 'F Lr .... ~LJ(r5 II: I /.I.t' TUk'~ cnWE ~a~ PATH IS RIG"T 
r:[H,FLICT E"-JTR'r ·d,~Bf~S ("lh[.IEPtD bY DTSTA""Cf ['lQ ... N Tf04I~ PAT~ a~E 

3" 

c;.EO~·~ Tt:>'t' ... 1-1,CFS~(l1J Fl')1-i Tf-'F TllAS T~tFF Ie SP"UlATIG"': PACKAr,E ,",AGE 

~j(lR~Al 0 y u 1~TER3fCTrnN lXA~PLf •• *** 

~AT~ t] G(lFS FRnM LANE t DF APp~nAC~ ~ TO LANF 1 OF APPROACH 
Lf~lr.ll- (;~ PATH = fH' FEET ANO SPEE:.D (IF PATH. tU; FEFT PER 3lCOJ\lD 
'~MHf. UF C~NFLICTS' 1 AND TUON CODE FDR .AT" IS STRAIGHT 
CONFLICT E'TR' NUMBERS OROEREO BY OISTANCE OO'N THIS .ATH ARE 

"I 12 10 5 25 21 19 

PATH 1" GOES FROM LANE 1 OF A.PROACH "TO LANE I OF A •• ROACH 1 
LE~GT" OF PATH. 11 FEET AND SPEED OF PATH. 22 FEET .E~ SECOND 
NUHAfR OF cnNFLICTS' 1 AND TURN COPE FOR PATH IS LEFT 
CONFLICT E"TRY NU"BERS ORDERED AY DISTANCE OOoN THIS PATH ARE 

13 "2 1~ 11 15 "~ b 

~ATH 15 GOlS FRO~ LANE 2 OF A.PROACH "TO LANE 2 OF A •• ROACH 5 
LENGTH OF .ATH. 3q FEET AND S.EfD OF .ATH • 11 FEET .ER SECOND 
NUMBER OF CONFLICTS. t AND TURN CODE FOR .ATH IS RIGHT 
CONFLICT ENTRY ~li~BERe ORDERED SY DISTANCE OO.N THI8 .ATH ARE 

"1 

PATM Ie .OE5 FROH LANE 2 OF APPRCACH " TO LANE 2 OF A •• ROACH b 

LENGT" OF .'TH • 8~ FEET AND SPEED OF .ATH • "" FEET .ER SECOND 
NU~eER OP CONFLICTI • 7 AND TUR~ COOE FOR .ATH IS 8TRAI;HT 
CONFLICT (NTRY NU~BERS ORDERED BY DISTANCE 00., THIS .ATH ARE 

"" 18 I~ 2. 7 22 15 

TOTAL Nu"SE R OF PATHS CALCULATED. II> 

TaBLE LISTI'. UF CONFLICTS 

CO,FLICT PATHI .AlH2 APPRI AP.R2 DIST 1 DIS Ti? A.GLE INOEr 1 I NOE X2 

2 28 "0 21 q 
e i? "5 15 210 • 
S 2 55 15 27~ b 

I ~ 3 52 1 I 1"\ 5 
13 35 "5 o~ 3 " I" " b0 11 7 1 

I 1 b .. 25 "5 qe I 5 

• ? 5 2 21 .0 ?J5 1 ~ 
Q , • 2 11 8. • 1 7 

1'- ; Q 3 ;1 ~2 ?1q 1 5 
11 2 11 3 "" "1 1H 5 " 1 ? 1 tJ "" 28 I" I 2 
11 2 1 " "q 21 125 1 
I" 2 lb 21 11 12" 3 
I, 3 II> 3° 8" ~ 1 
I b 5 H 27 ,H 2 
17 "~ 25 ?7~ 

1 A 8~ lq • 
I q 55 15 210 
2:- I. "' "" 12" 
iI 13 ~5 5~ Q ~) 

if! \ h 2<; ~., Q.' 

,~ q 11 ~~ 

7" 1:' 2 I lJl.,' n. 
2' 1 \ 2 31 '<' ,,-
'" I' " ", "' 2'1 
,n 2 "~ 1, 111 ,0 1·" 2 7" . .' 22" 
?C \1 2 

,., 35 ?11 I> 
3. 1 .. 2 ~? 11 I .? 5 
~ I 2 " 2~ 271 

w 
!;:; 



r.fPI-'f,l'IJY ~·l-IrlC~SSIl'-l f.n~ T .... T L):' lS T fj "I- F 1 ( ST~ULATJON PAC(A~f 

~(]~1-Io\l " 
, 

" !NTtOStCTrO. "'"PLE 

12 8 I~ 2 3T 27 231 
H 11 2 55 2~ 271 

J" \2 2 a~ 19 0 
H ~ I. 2 " 43 4. 125 
30 9 13 3 4 US 3S 271 
n 9 14 3 28 UI! li0 
38 q 1& 3 5S 35 HI 
lq I~ 13 3 71 8~ ~ 

.~ I~ I" 3 21 49 236 
"I II 13 3 "5 25 271 
42 II 1 .. 3 J7 27 237 
"1 II 15 3 8~ )q a 
,," II \b 3 55 25 271 

T (") T lL NU"Af~ O~ CONfliCTS. •• 

PA(tr 

..... 

6 

.. 
Ii 
2 
0 
1 
I 
5 
3 
7 

" 

2 
1 
I 
5 
3 
4 
2 
7 
6 
I 
2 
1 
I 

W 
t-' 
\0 
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'11'11 'II 'IIr NORMAL ~ X ~ JNTERSECT10N EXAMPLE 
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NOR~Al 4 X 4 JNTEASfCT10N EXAM?LE 
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D~IvE~·~EHICLE PROCESSOR FOW THE TEXAS TRAFFIC Sr~ULATION PACKA~E 

.*.*. NORMAL q X q INTERSECTIO~ EXAMPLE 

TABLE LISTING 0' IN!:!OIJND APPROACi1 NUMBERS 

TCTA~ NUM8E~ OF INBoUND APPROACHES. ij 

TABLE 2 LISTIN~ OF OUTBOUND APPROACH NUMBERS 

5 
I> 

1 

" 

r~TAL NUM8ER OF INBOUND AND OUTBOUND APPNOACi1ES. 8 

DRIvER-vEHICLE PHOCESSOR UPTIONS 

TI~E FOH GENF.RATING VEHICLES (MI~) •••• IZ 
~I~IMUM HEAOWA~ FOR VEHICLES (SEC) •••• I.~ 
~u·RER OF vfHICLE CLASSES ••••••••••••• 10 
~.~~ER OF D~lvEH CLASSES •••••••••••••• 3 
gE~CE~T OF LEFT TURNS IN MEDIAN LAN!.. 80, 
gE-CENT nF RI~HT TURNS IN CUHB ~ANE ••• 80. 

LISTING OF APPROACi1ES 

·pg~OACM NUMBER •••••••••••••••••••••• - 1 
lPg~OACH AZ[MUT~ •••••••••••••••••••• _- 0 
~~MBER OF LANES •••••••••••• - •••••••• _- 2 
~~.8ER OF DEGREES FOR STAAIGHT •••••• _- 20 
~EAD~AY DISTRI8UTION NAME - ••••••• _. __ • 
!~~IV'~ENTLY HOURLY VOLUME (WPM) _ ••••• 
.pgROACi1 MEAN SPEED (MPH) - ••••••••••• _ 
AgPAUACH 85 PERCENTILE SPEED (MPH) •••• 

\..OGNRML 
3'hl 
25.~ 
30.'" 

5 

PARAMETER. 

OUT60UNO APPROACH ~UM8ER •• _ ••••••• 
PEACENT GOING TO OUTBOUND APPROACi1ES •• 
,SEA SUPPLIED PERCENT OF VEHICLE8 ••••• 

.Ei1ICLE CLASS NUMBEA •••••••••••••• 
PAJGRA~ SUPPLIEU PERCENT OF vE~ICLE8 •• 
~E~CE~T UF TRAFFIC ENTERIN~ ON LANE I • 
P~~CENT OF TRAFFIC ENTERIN~ ON L.NE l • 

....0 
I 

,0.0 
Q5. 
55. 

2 J lj 

32.il 30.0 15.0 
('-EO IAN I.ANE> 
(eul<!:! LANE) 

PAGE 

• •••• 

I • 1 'rl 

5 eo 8 Q \;-
.5 ,2 .1 .2 ,c; 1.5 



ORIVEk.VE~IC~E PROCESSOR FOR THE TEXAS TRA'FIC STMULATION PACKAGE 

·It ••• ~ORMA~ U X U INTERSECTION EXAMP~E 

APPROACH ~UM8ER ••••••••••••••••••••••• 
APPROaCH AZIMUT~ •••••••••••••••••••••• 
NUMbER O~ LANES ••••••••••••••••••••••• 
NUM~ER 0' OEGR£ES FOR STRAIGHT •••••••• 
MEAOwAY DISTRIBUTION ~AME ••••••••••••• 
E~uIVA~ENT~Y HOURLY VU~UME (VPH) •••••• 
APPROACH MEA~ SPEED (MPH) ••••••••••••• 
APPQUACH 85 PERCENTILE SPEED (MPH) •••• 

ouTBOUND APPROACH NUM8ER •••••••••• 
PE~CENT GOING TO OUTBOUND APPROACHES •• 
USER SUPP~IEO PERCENT OF VEHIC~ES ••••• 

2 
270 

2 
214 

SNEGEJ(P 
05111 

30.14 
35,111 

5 
10. 
NO 

PARA"'ETER • 

078 
III 15. 75. 

2 3 jj VEHICLE CLASS NUMBER •••••••• _ ••••• 
PROG~AM SUPPLIED PERCENT OF VEHIC~ES •• 
PERCENT OF TRAFFIC ENTERING ON LANE 1 • 
PE~CENT OF TRAFFIC ENTERING ON LANE 2 • 

1 
20.0 
55. 
US. 

li." 10.16 15.16 
(MEDIAN I.ANE) 
(CUIiB LANE) 

a~PROaCH NUMBER ••••••••••••••••••••••• 
AP~~OACM AZI~UTH •••••••••••••••••••••• 
Nu~aER OF LANES ••••••••••••••••••••••• 
~U~ijER OF DEGREES FOR STRAIGHT •••••••• 
HEADWAY DISTRI8UTION NAME ._ ••• - ••••••• 
EQUIVALENTLY HOURLY VOLUME (yPH) •••••• 
APPROACH MEAN SPEED (MPH) ••••••••••••• 
APPROACH 85 PERCENTILE SPEED (MPH) •••• 

uUTBOUNO APPROACH NUMBER •••••••••• 
PERCENT GOING TO OUTBOUND APPROACHES •• 
USER SUPPLIED PERCENT OF VEHICLES ••••• 

} 

180 
2 

2~ 

LOG"4RML 
5illd 

25.'" 
314.111 

5 
75. 
NO 

PARAMETER • 

i 3 " VEHICLE CLASS NUMBER •••••••••••••• 
PROGRAM SUPPLIED PERCENT OF VEHICLES •• 
PERCENT OF T~AFFIC ENTERING ON LANE 1 • 
PERCENT OF TRAFFIC ENTERING ON LANE 2 • 

1 
219.0 

0111. 
U0, 

:U.0 30.1<1 15.11 
(MEDIAN LANE) 
(CUPeS LANE) 

APPROACH NU~8ER ••••••••••••••••••••••• 
APp~OACH AZIMUTH •••••••••••••••••••••• 
Nu~~fA OF LANES ••••••••••••••••••••••• 
Nu~~ER OF DEGREES FOR STRAIGHT •••••••• 
MEAOwAV DISTRI8UTION NAME ••••••••••••• 
EQuIVALENTLY HOURLY VOLUME (VPH) •••••• 
APPROACH MEAN SPEED (MPH) ••••••••••••• 
APPROACM 85 PERCENTILE SPEED (MPH) •••• 

OUTanUND 'PP~OACM ~UMBER •••••••••• 
P€qCENT GOING TO OUTBOUNO APPROACHES •• 
USER SUPPLIED PERCENT OF VEHICLES ••••• 

" 'Jill 
2 

2'" 
SNEGEJ(P 

'Jilill 
3111.0 
35." 

5 
1'5. 
NO 

PARAMETER • 

7 
111. 

Z 3 1.1 VEHIC~E CLASS NUM8ER •••••••••••••• 
p~0GRAM SUPPLIED P!RCENT UF VEMICLES •• 
PE~CENT OF TRAFFIC ENTERING ON ~ANE 1 • 
PE~C€NT OF TRAFFIC ENTERING ON LANE 2 • 

1 
20." 
55. 
US. 

li!ol<l 311l.'" 15.'" 
(MEDIAN LANE) 
(CUR8 LANE) 

APP~OACH NUMAER ••••••••••••••••••••••• 5 
APPROACH AZIMUTH •••••••••••••••••••••• 189 
~v~aER OF LANES ••••••••••••••••••••••• 2 

APPROACH NUMBER •••••• - •••••••• -....... 0 
'ODRO'C~ 'ZI~UTH •••••••• _ ••• ___ ••••••• 9~ 

~u~dER QF LANES ••••••••••••••••••••••• 2 

APPROAC~ NUMAER ••••••••••••••••••••••• 7 
.pp~O.C~ AZIMUTH •• _._~ ••••••••••••••• _ ~ 

~u~8fR OF L'~ES ••••••••••••••••••••••• 2 

App~O.CH NUMBER ••••••••••••••••••••••• 8 
jpp~OACM AZI~UTH •••••••••••••••••••••• i7~ 

~u-3E~ OF LA~ES ••••••••••••••••••••••• 2 

roril NUMBER OF APPROACHES. 8 

., /) 

.5 .i! 

5 b 

.5 .2 

7 
.1 

7 
• I 

7 
.1 

6 
.2 

8 
.Z 

6 
.2 

Ii 

.5 
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I III 
1.5 

H! 
1.5 
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DflIVER·VEI;ICLE PROCESSOR FOR THE TEXAS TRAFFIC SII1ULATlOt< PAC!<.AGE PAGE 3 

***** NORMAL II X II INTERSECTION EXAMPlE .**** 

TABLE 5 DRIvER AND VEHICLE CLASS CMARACTERISTlCS 

USER SUPPLIED DRIvER CLASS SPLIT ....... NO 
USER SUPPLIEO VEMICLE CHARACTERISTICS. NO 
USER SUPPLIED DRIVER CHARACTERISTICS •• "'0 

VEHICLE CLASS NUMBER •••••••••••••• 1 2 3 II 5 b 7 8 9 1111 
~eHICLE LOGOUT SUMMARY REQUESTEO •••••• NO NO NO NO NO NO NO NU NO '10 Of/IVER CLASS NUM8ER ••••••••••••••• 1 2 3 
DRIVER LOGUUf SUMMARY REQUESTED ••••••• "'0 NO NO 

DRIVER CLASS SPLIT (PROGRAM SUPPLIEU VALUES) 

OflIVER CLASS NUMBER ............... 2 3 

VEHICLE CLASS NUM8ER I .••........ 30,'" IH'." 30." 
VEHICLE CLASS NUM8ER 2 .........•. 35,Id 35.0 31G,16 
VEHICLE CLASS NUMBEfi 3 ..•........ 21d,Id 110,0 1I1G.0 
~EHICLE CLASS NUM8ER (I ............. 25.'" 5". ill 25,16 
II£I"ICLE CLASS NUMBER 5 .•.......•. 1I1Il.0 3i1l,0 30,0 
VEHICLE CLASS NUM8E~ b ...... --... 5;),0 110.0 1"',0 
VEi"ICL!:. CLASS NUM8ER 7 ... _-_ ..... Sid.'" (1"'.0 10.'" 
VEHICLE CLASS NUMBER 8 ....•...••• 211l.0 3"'.0 50.0 
VEtoill::LE CLASS NUM8ER 9 ........... 25.11 5111,kI 25.0 
VEtlICLE CLASS NUM8ER 10 ....... _--- 50.0 110,0 lIiI.1'I 

VEHICLE CHARACTERISTICS (PROGRAM SUPPLIED VALUES) 

VEHICLE CLASS NUMBER ................ 2 3 II 5 b 7 1\ 9 1~ 

LENGTH OF VEHICLES (FT) .........•. 15 17 III 25 3111 5 iii 55 25 l'!i 111 
VEHICLE OPERATIONAL FACTOR •••••••• 100 118 110 IItHI 85 60 75 9" 85 11') 
MAXIMUM DECELERATION (FT/SEC/SEC) . 6 11 11 6 II 11 11 6 11 12 
MAXIMUM ACCELERATION (FT/SEC/SEC) . 8 9 11 8 1:1 7 b b 5 1 II 
MAXIMUM VELOCITY (FT/SEC) ............. lSi! 192 21l" 15(.\ Ibtl lb'" 1,11 15<' 12') 2Y1C; 
MINIMUM TURNING RADIUS (F T) ......... 2~ 22 211 28 <12 "'" !IS 28 28 2>: 

DRIvER CHARACTERISTICS (PROGR4M SUPPLIED VALUES) 

DRIvER CLASS NUM8ER ................. 2 1 

DRI~ER OPERATIONAL FACTOR ••••••••• II" 100 85 
DRIVER "EACTIO'! TIME (SEC) ........... .5 1.0 1.5 

HBLE b GENERATION OF APPROACH HEADWAYS 

APPROACH DISTRIBUTION NUMijER VOLUME INPUT PE!oiC~NT 
NUMRER NAME GENERATED GENERATEO VOLUME DIF"FERENCE 

1 LOGNMML 59 Z9! :Jell! .I,b7 
2 SNEGElCP 1211 b2\1 b511 .I/,bi! 
1 LOGNRML 97 1185 500 .3.1111 
II SNEG£)(P 177 665 !lee ·1.b7 

TOTAL (lS7 2285 2350 .2.77 



... *. ~ORMAL q x q INTERSECTION EXAMPLE 

TARLE 7 FINAL APPROACH VOLUMES 

SPECIAL VEHICLES GENERATED VEHICLES ......•...........•.•. •....•................ 
APPROACH 

NUM!!ER 

I 
;1 

l .. 
TOTAL 

NUMBER II'OR 
SIMULoH IO~ 

VOLUME FOR 
SIMULATION 

NUMBER FO~ 
SIMULATION 

59 
12q 
97 

177 

qS7 

VOLUME FOR 
SIMULATIOIII 

l'9'S 
~ii!e 
'185 
885 

2285 

THE INTE~SEC1IaN H4S A JAM DENSITY OF 235 VEHICLfS PER MILE 

STATISTICS OF GENEkATION 

APP~OACH STATISTICS 

APPNOACH NU~ijER •••••••••••••••• _ •••••• 
ouTBOUN~ APPROACH NUM&ER •••••••••• 

PERCENT GOING TO OUTBOUND APPROACHES •• 
VEHICLE CLASS NUMBER •••••••••••••• 

GENERATION PERCENT OF VEHICLES •••••••• 
PERCENT OF TR4FFIC ENTERING 0111 LANE 1 • 
PERCENT OF rRAFFIC ENTfRING ON LANE 2 • 

APPHOACH NU~BER ••••••••••••••••••••••• 
ouT80UND APPROACH NUM8ER •••••••••• 

PERCENT GOING TO OUTBOUND APPROACHES •• 
~EHICLE CLASS NUMBER •••••••••••••• 

GENERATION PERCENT OF VEHICLES •••••••• 
PERCENT OF TRAFFIC ENTERING ON LANE 1 • 
PERCENT OF TRAFFIC ENTERING ON LANE ii! • 

APP~OAC~ ~U~BER ••••••••••••••••••••••• 
nuT BOUND APPROACH NUMBER •••••••••• 

PERCENT GOING TO UUTBOUND APPROACHES •• 
VEHICLE CLASS NUMBER •••••••••••••• 

GENERATION PERCENT OF VEHICLES •••••••• 
PERCENT OF TRAFFIC ENTERING ON LANE I • 
PEkCENT OF TRAFFIC ENTERING ON LANE ii! • 

APPROACH NUMBER ••••••••••••••••••••••• 
OuTBOUNO APPROACH NUMBER •••••••••• 

PERCENT GOING TO OUTBOUND APPROACHES •• 
VEHICLE CLASS NUMBER •••••••••••••• 

GENERATION PERCENT 0' VEHICLES •••••••• 
PE~CE~T OF TRAFFIC ENTERING ON ~ANE I • 
PERCE~T OF TRAFFIC E~TERING ON LANE 2 • 

I 
5 

2 
S 

12,1 
1 

15.3 
55.0 
iliI./j 

3 
S 

75.3 
1 

2'.9 
~ 1.' 
38,1 

4 
5 

13.0 
I 

17 .5 
iI'.7 
51'1.3 

~ 7 1\ 
8.5 79.7 11.9 
234 

U.l 28.8 15.3 
(MEDIAN LANE) 
(CURB LANE) 

b 7 8 
" lb.l 11.8 
234 

II i!. 7 eil. Z 1 q • 'S 
(MEDIA" I.ANE) 
(CU~B LANE) 

~ 7 a 
9.3 \I 15.5 

2 3 q 

2b.8 2',' 9,3 
(MEDUN LANE) 
(CURB ~ANi) 

to 7 8 
18,9 '.il " 

2 3 q 
3b. 7 31.~ li!.q 
(MEDIAN LANE) 
(CURl! ~ANE) 
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.*.*. 

TOTAL VEHICLES . ..........••••....... 
"UMBEl! FOR 
SIMULATION 

59 
12'1 

'97 
177 

1157 

5 
o 

5 
.8 

5 
o 

o 

" 

VULUME FOR 
SI"'ULAlION 

7 
16 

7 

" 

7 

7 

29'S 
b21o! 
118S 
8ll'S 

2285 

8 
I .7 

6 

8 

" 
q 

2,1 

INPUT 
VOLUME 

2351' 

1ft 
1,0 
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D~IVElhIlEHICLE PHOCESSOH FOR THE TEXAS TRAFFIC SIMULATION PACKAGE ;'>AGE 5 

.......... NURMAL ~ X 4 INTERSECTION EXAMPLE ***** 

O~IvER CLASS SPLIT STATISTICS ......•••••..•.••.••.•....... 
ORlvER CLASS NUM~ER ._ •• _ •• _ ••• _ ••••• -. i 3 

VEHICLE CL.ASS NUMSER 1 ( 84 VEH) 20.2 52.4 27.4 
VEHICL.E CL.ASS NUMBER 2 ( 170 VEtO 1"'.0 30.0 30." 
VEHICLE CL.ASS "'UM8ER 3 ( 132 VEH) ..... h.7 43.2 410.2 
VEHICLE CL.ASS NU"'BE~ 4 ( 511 VElo4) 25.9 51.7 22,4 
VEHICLE CL.ASS NUM8ER 5 ( 2 VEH) ..., !>0.0 511l.0 
VEI-!ICLE CL.ASS NUMBER b ( ..., VEH) _ .. -- it! (3 

'" IIEMICL.E CL.ASS NUMBER 7 ( '" VEtO ill 0 0 
VE"'ICLE CL.ASS NUMbER e ( 2 IIEH) 111 50.10 5"." 
VEHICLE CL.ASS NUMBER 9 ( S VEH) 40,0 20.10 11111." 
VEI-!ICLE Cl.ASS NUMBER 10 ( /j VEH) 75.0 lS,'" II 



.... *.. PRINT OF FILF SIMSA 111 NOV 17 22. 4 3.51. PAGE .......... 
123 4 5 a 7 8 

123U5b7B9012345b78geI234507B9~123U5b78~012345b16q01Z345b1890123450789~12345b1890 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

I < .iIoilo •• SEMI-ACTUATED SIGNA~ CONTRO~LER wITH PRESE~CE:. ~OUPS ....... 
2 <2."0 10. "a 1.1:10 10 30 Z.801!1 0.130" u."HI b NO '!'ES NO NO 1.!:I0 2.50 
3 <5757515711111111 
u " 4 
5 < 1 AR AR AG AG AR AF! AG AG 
b < I AA AA AA AA 
7 < 2 AG AG AR AR H; AG AR AR 
8 < 2 AA AA AlA AA 
q < 2 

10 < 1 27." l.1I! "'.0 2 
t t < 2 3.'" 2.0 1.0 "'"~ 22.0 OFF OFF NO IIIlJ QioI 2 1 
12 < I 2 
t 3 < 2 
I 4 < 1 PRESENCE 740 7 CHI 1 2 2 
15 < 2 PRESE"'CE 741d 790 .5 2 2 

VYVYVVVyvvvVVVVVVVVVYVYVVVVVVVVVVVVVYVVYVVYVYVVYVVVVYVYVVVVVVYVVVVVVVYYVVVVVVYVV 

123 u 5 0 7 8 
12345078Q"'123450789012345b7890123U5b789012345078901234 507890123U5b78901i3450789~ 

,. 
,. 
,. 
,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. 

1 
2 
3 
4 
5 
0 
7 
8 
9 

II!! 
11 
12 
13 
14 
15 

w 
W 
I-' 



tC"O.PAfN! OF I1TlF FP0" GED~fTN' PRUCESSOR 
••• _. ~OQ~lL ij X a IN1E~StC11D~ Ex,·p~E 

[("U •• OINT OF IITlE '.UO DNIVEN.VE"ICLE PNOClSSON 
••••• ~ORMAL 4 X Q INT(~S[CIIQN E ••• P~E 

ECHn.PAIN! OF TITLE F"O" 5I"ULAIIO. PROCESSUR I~PUT 
••••• SEMI.ACTUATEO SIGNAL CO~IAOLL[R _,TH PRESENCE LOOP! ••••• 

START-UP TIME (~l~UTE!) ••• ---.----•••••••• - •••••••• 
"lON TIMt (~INUT!!) ------.-----_. _________ ._ • 
IhCRE"ENT FOR SI.ULATIO~ TIME (SECO~OSl ••••••• 

SPEED FOR DELAY aELI)~ _x ~PH (MPH) ._ •••• _______ ft __ • 

MAXIMV. (lfAA DISTANCE FOA REING IN A QUEUE (FTI ••• 

CA~ 'OLlowIN, EQUATION L'~BD' _ •• ---_-•• _ •• -------_ • 
(A~ ,OLlowIN' EQUATION ~U •••••••••• _ ••••••••••• - ••• 
(AQ 'OllO~tNG [CO'TIO~ 'LP~' •••••••••••••••••• --_ •• 

2,00 
10.90 

I."~ 

1~.00 

30,"0 

2,110"00 
,801.1Ae 

IIBII8, esuli' 

SU •• ARV 8'ATI!TICe PRINT!O 8Y TU~NI" MOY!M!'tS ••• • NO 
5U"~A~' 8!A!ISTICe PRINT(O SY INBOUNO APPROAC~ •••• • yEI 

PUt.lCllfD OUTPUT nJ: 814r15T1C5 .--.......... -.......... • kO 

.GITE TAPf 'O~ POLLUTION DI"f~SIO~ MOOe~ •••••••••• 

LEAn !I"E GAP FDA CONFLICT CHft'I~G (SECO_OS) •••••• 
LAG TI"E GAF FO~ CON'lICT CrlECKIN~ (IECONOS) •••• - •• 

NO 

1,50 
2.50 

., .... ., 

...... 

I~T'~SECTIU~ TR1'FIC CONtQOL ••• ----_ ••••• _--_._-••• (Sf"I·'CTUATED) 

SIMULATIDN P.OCESSOR '0" lHE rEI AS 'RA"IC SIMULAIION "C.ACE 

••••• IE"I.ACTu&TEC SIG'AL CONT"ClLE" -!Th PRESE'.C! LOOPS 

LANE cnNrAUl FOR TME lo lANES t S 7 S 7 ~ 7 5 7 1 I I I I I 1 I 

"'''"ERE 1 • OU!~OUND (OR BLOCKED IN80UNV) LANE 
2 • UNCONT~OLLEO 

3 • YIELD 81G" 
•• STOp SIGN 
5 • SIGNAL 
b SIGNAL wlTM LEFT Tu~N ON RE~ 
7 SIGwAL w"M RIGHT I~~' ON REO 

A rOTAL 0' • CA- aTACK [NTRleS 

E~'RY I PHASE I AH AA AG Ar. A~ AR AG A. 
ENTRY 2 PHA 9E I u H .. H 
[NTRY 1 PHASE l A; AG A~ AR AG AG Aq AR 
!NTRY 4 PHA8! Z H U H U 

w 
W 
tv 



3I~'~AIION P~OCfSSO~ FOR IHE TE'AS IRlfFle SIMuLATION PAC"AGE 

••••• S[HI.ACTUATED SIG~AL CONTRDLLER _11M PRESENCE LOOPS ••••• 

• TilIAL "t C SIt-NiL PHAS£~ 

SEMI.ACTUATED SI'NAL NAIN STREET INFORMATION 
~'IN STR!£T PWAS! NOM8fR ••••••••••••••••••••••••••• 
NAIN 5TR!(T MINI"UN 4SlURED QRE[N (SECONal) •••••••• 
"AIN STREET AN!(R CL(ARANCE INTERVAL (SECONDSI •••• • 
MAIN STRE!T ALL.RED CLEARANCE INTERVAL (SECONOII ••• 
HAIN STREET ~UN8ER 0' 'HASES CLEARED TO ••••••••••••• 
'AIN STREET LIST OF PHASES CLEARED TO ••••••••••••••• 

81'NAL PH'Sf HUMBER •• - ••••••••••••••••••••••• ---•• 
l'JfTIAL 1~'EkVAL (SECONOS) ••••• _-••••••••••••••••• 
VEHICLE l~TE~V'L (SECONDS) ~.---.-•• - •••••••••••••• 
.MSER CLE'R'~C£ INTERVAL (aECONDS) •••••••••••••••• 
ALL-qED CLEAMANCE INTER~'L (SECONDS) •••••••••••••• 
MA'I"U" EXTE~SION AFT(R DEMAND ON ~EO (SECONDS) ••• 
S~lP.PHA5E S~lTC~ {OHIO'" •••••••••••••••••••••••• 
'UTO.R!CA~L S~lTC" (O~/O") ••••••••••••••••••••••• 
PARENT/MINOR "OVE~ENT PHASE O'TIO" (VEI/NO) ••••••• 
OU'L ~E'T O,TION (YII/WO) ••••••••••••••••••••••••• 
DETECTOR CONNECTION tYPE tANO/OA) ••••••••••••••••• 
NUMAEH OF DETECTORS CO~NECT£O TU PH'$[ •••••••••••• 
~UM~ER 0' PHASES CLEARED to ••••••••••••••• ~ ••••• -. 
llST OF PH'S£S CLE,AEO TO •••••••••• - •••••••••••• -. 
LIST Uf OETECTO~S CONNECTED TO PHA8~ •••••••••••••• 

A TOTAL of 2 D~TECTORS 

DEtECTOR NUMBER ••••••••••••• 
UETECTO~ TYPE .-- •••••••••• - • 
STARTING POSITION (fEET) •••• 
S!OPPIN~ POSITION (fEET) •• - c 
.PPROACH NU~8€R ••••••••••••• 
NUM6ER Of LAhES ••••• ___ ••••• 
LIST of LANf NUMSERS ••••• - •• 

NU~8EH •••• _- ••••••• 
TYPE ••••••••••••••• 
POSltION IFH1) •••• 
PDSITION (FEET) •••• 
~uMBEA •• _ •• _ ••••••• 

PI' LA.NES ................ . 
LIST OJ l'~tE NUMRfRS •••••••• 

I 
PRElU,CE 
l'l~ 

1q0 
I 
i 
I " 
2 

PRESENCE 
Hi!! 
7'111 

3 
2 
1 2 

1 
H,e 

:S,II 
II 

1 
Z 

3,11 
l.II 
S,II 

o 
22,0 

0" 
0" 
NO 
NO 
OR 
2 
1 
I 
I l 

51MIILATloN PNOCESILN tUN THE TExAS TMAFtlC SIMULAIION PAC"GE 

••••• SE~I.ACTUAIED SIGNAL CONIROLLER _ITH PRESENCE LOOPS ••••• 

SU~MARV STATISTIC8 'OR INBOUNO APPROACH 

TOTAL DELAY (VEHICLE·SEcONDS) ••••••••• - ••• --•••••• • 
NUNeER 0' vEHICLES INCURRING TUTAL nELAV ••••••••••• 
PERCENT 0' v[NICLEI INCURR!NG TOTAL DELAy· •••••••• • 
.~EA'Gf TOTA~ O!lA' (SECONDS) •• --•••••••••••••••••• 
AvfRA&E TOTAL OELAY/AVERAGE T~AVEL TIME _ ••••••••••• 

QuEu( DELly (v(~ICLE·SECONDS) ••••••••••••••••••••• • 
NU"eE~ OF VEHIC~E8 INCU~RIN~ UUEUE DELAy ••••••••••• 
PERCENT 0' VEHICLES INCU~R!N& QUEUE DELAy •••••••••• 
AvERAGE QUEUE DELAY (SECO~DSI •••••••••••••••••••••• 
AVERAGE QUEUE OELAY/AVERAGE TRAVEL TIME •••••••••••• 

STO~PEO O!LAY (Vf~ICLe.efCONDS) ••••••••• - •••••••••• 
NUMBER 0' VEHICLf8 INCU~RING STOPPED DELAy ••• • •• • •• 
P[RCfNT 0' V!~ICL£S INCUR~ING STOPP!D DELA' •••••••• 
'YE~A'E 8TO~PEO DELAY (SECONDS' •••• - ••••••••••••••• 
AVERAGE STOPPED OELAY/4V[RAGE TRAVEL TI"! •••••••••• 

DELAY 8[~OW 10,0 "PH (V[HICL['SECOkOI) ••••••••••••• 
~U"8Eq C, VEHICLES INCURRIN; DELAY BELOW 10,11 "PH •• 
PERCENT OF VEHICLES INCURRIN; DELAY 8EL~W 1~,0 NPH • 
lVERAe! DELAY 8(LOW 10,0 ·PH (SECONDS) ••••••••••••• 
AVERAGE DELAY BELOW Ie,S ~PH/AV!RAGE TRAVEL TIM[ •• a 

VfMIC~!.~I~I. 0' tRAVEL ........................... . 
A~IR'~f Yf"ltLr·.I~(' 0' '"AV(L ••••••••••••••••••• • 
TRAVf~ Tr~E (YEHICLE.SECONDS) •••••••••• --••• - ••• - ••• 
AVERA'! T~AVEL TIME (SECONDSI •••••••••••••••••••••• 
NUMBER 0' VEH!CLES P~OCEISEO •••••••••••••••••••••• • 
VOLVME PROC!8S(D (V!"JCLII/HOUR) ••••••••••••••••••• 
TINE HEAN 8PEED (HPH) • ~!AN 0' lLL V£HICLE 'PEEOS • 
SPACE MEA~ SP[EO (~P"l • TOT OIl' / TOT TqAVEL TI"E • 
AVI~i'£ DE81RID 8Pf£O (MpH) •••••••••••••••••••• - ••• 
AvE"AGE "AKIMU~ .CCELERATIO~ 1FT/SEC/SEC) •••••••••• 
AVERAGE ~AXI"u~ OECELE~AT!UN 1FT/SEC/SEC) •••••••••• 

UV£AALL AV[DAG! TOTAL DELAY (SECOHOS) •••••••• - ••••• 
O~E~ALL '~ERA;E QUEUE OELAY (SECONDS) ••••• - •••••••• 
OY!RALL AVEQ'Gf 8rQPPED OELAY (SECO~O!1 •••••• w ••••• 

OVERALL AVERAQ( DELAy SELO. 10,0 MP~ (SECONns) ••••• 

PEACENT OF VEHICLES HA~ING A I).TuRN O~ • LEFT TU~N 
PERCE~T OF VE~lCLE8 GOl~G STRAIGHT •• - •••••••••••••• 
P£RCE~T U' VEHICLES MA~lNG A PIG~t tuRN ••••••••••• R 

'~ER'G[ QUEUE LENGT~ 'OA LAN! 1 •••••••••••••••••••• 
AVERAGE ~UEUE Le~~TH 'OH LA~E c •••• •• ••• •••••••••• • 

A"E4AG£ u' LOCI' SPEED/nE5INED ~PEEn (PERCE-T) •••• c 

7110,S 
~~ 

'11,1 
16 ,I 
3l.8 PERCENT 

511,0 
33 
U,S 
17,5 
35,1 PlRCENT 

531>,0 
n 
08,8 
10,2 
H,I PERCfNT 

015,0 
J" 
10.1\ 
18,7 
38,1 PERCENT 

11,.4" 
,lll. 

i!l52,1 
"~." 
"S 

l88,0 
19.5 
18,J 
21>,~ 
3,9 
3,9 

U,7 
Ii.' ,0 
11,2 
13,2 

8,3 
61,3 
10.ij 

,5 MAX. 
.5 Mli •• 

QQ.q 

2 
2 

w 
w 
w Ii 
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~r"ULAT!n" PQOCESSOQ FOR U'E TEXAS TRAFFIC SIMlIL.nO- PAC .. G€ 

••••• ~f~T ... J\rTIIA'ffr"l SlGNAL Cf)~JTRnLi fR ""Tr/o! P.Q~SF~CF L('I(H~S * ..... 

~""".RV qTAT!STTC~ fOP UMI.ACTUATfn SrG~'L 

~AT~ ST~FfT P~A~F NIJM~fR _____ • _____________ ........ __ • 

.'T' STOFfT MINI-U- 'SSURFO GRFEN (SECONDS) •••••••• 

.AIN SToFET A-REP rlFAR.NCF INTF~V'l (SECONDS) •••• 0 

"'IN STREtT ALl.·REn CLE"lANCE ".TfOV~L (SECONDS) ••• 
.AIN ,'RHT NIJM~fR Of PHASfS CLEARED TO •••••• - •••••• 
"ATN SIREfT LIST OF PHA~fS ClfAREn TO .--••••• --•••• 0 

~UM~fP OF "ATN STRf[T GRfEN P~A~F.~---.- •• -.--•• ---- • 
AVFRAGF LENGT. nF -AIN STRFFT CPEF' (SECONDS) --•• - • 

«;rr.NAI PHASf "jlIM~fk: - ________ ... _ .. _ .. _ .. __ .. _ ... _____ .. ___ _ 

1tl11141 Tf.TfRVAI (SECOJ..1051 ........................ --- .. -.-.----- " 
vH'lClf !'.HRVAl r~FCONnSl •••••• - •• -- ••• ---••••• -- • 
A~AER ClfARANCE INTERYAL (SECONDS) •••••• ____ •• __ ._ 2 

ALl.QFn fl.FAQANCf tNTERVAl (SfCONDS) •• - •• --------- • 
MA~IMU. F~'FNSID~ AFTFR D[~A~D ON RED (SEcnNOS) •••• 
~~IP.P~ASf SWITCH fO~/OFF) .-... - ... - ••••• --••• - •••••• 
AIITO.RECALl SwITCH (nN/or:,) ................ - ............. ---- • 
PARflll/MI~n~ ~OVF~[~T P~ASE OPTTn~ (VES/~O' - ••••••• 
f"\IJAl LE'fT nPTtON (YfS/NOl .. ---..... - ••••••••• - ••••••• 
nF1lr.TnR rn~~ECTIn~ TYPE (AND/OR) ••••• - •• -.---•• - •• 
~j'J"4AfQ nf' nf'fECTnQS CONNECTED TO PHASE _. ___ ••••• _ .. :I: 

~Jll~RF~ ('II:' PHASF~ CL EAR£O TO .-- ... - .............. - ............. - ... -- • 
l rST ~~ PH~SFS rlEAQEO TO -- ......... _- •• - •• __ ...... - ••• 
LlqT ~F ~FTfCT~QS CO~~IECT[n Tn P~'SE _ •• ___ ... _ ...... _ c 
~uw8fA p, ~A._OUTS _____ ._ ......... _ .............. _ •••••• 

AVERAGF TIMF I~TO P"ASf FOQ ~4X.OUT (8rCON081 •••••• 
~II.I.IRFR OF GAP ... OUTS .---...... _-•• - ............................. . 
lVfRAGF TIMf INTO OHA~E ~nR GAP.nUT (SfCONOSI •••••• 

1 
27,0 
l.~ 

~ 

1 
2 

12 
28,0 

2 
3,0 
2.~ 
l,ll 

i! 
22,0 
OF~ 

OF~ 
NO 
~O 

OR 
2 
I 
1 
I 
I 

23,e 
II 
\4.\ 

2 

~1~t!L'T!0N PRr'Cfs~nR F(lH T~E TfWA~ TQ.HIC SI~IILAT!O" P'C~'Gf 

~fMI •• nllATEn 5IG'''L CO"TOOLI_FO "IT. POEH~CE LOOPS ••••• 

~"QT.". TlMr I?~.~.~ SfU'llS ~lIMREO ~F YEMICLFS PROCESSED 

SI"lIlATln~ TIME' b~~."~P ~fcn.ns ~U-RER OF YE~ICLEI PRQCE5SFn • 

P..;!J,,"PFR nF vfHICLfS l~ T~F ~¥STn~ AT SU~""AR¥ 

AVFR'GE 'lI~~FR OF VF:MrCLfS I~ T"~ SVST"M ••• 
29 
2~." .1.1 A )( a (IZ 

I~ITIAL TM TIME' .431 SFCONDS COST • S .~3 

~TAQT-qp TM Tt""f • b, ~b~ ~ECON!)S cn5T " \ ,"3 
RE'l/TM l? Q'lb 

SIMULATInN TM Tl"~ • a".~q1 SEeD "OS COST " S 2,98 
QfAl/Tt04 c 12.8H 

SUMMARy TN Tl~E 0 ,"III u:eONOS COST • S .O3 

TOTAL T_ T1-F • ~~,!12 SECO'~S COST • S 3,~b 

YF~ICLE.SECONns OF SIMllLATlO>< PfR TM Tl"f. 311,398 

V~HICLE UOOATES OER T~ TIM!. 111,3Q8 

.q 

lH 

w 
w 
~ 



******* PRINT OF FILF STXP! 31 MAY 78 15.1Ii!'.'H. PAGE ******* 

I 2 3 II 5 b 7 8 
123115b789AI2311Sb7S9012311Sb7890123115b78Q012345b789012345b7890123115b78901234507eQl 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1 C ***** SIX POINTS TNTE"PSHTION (12 APPRQACHEe wITH 2 LANES) ***** > I 
2 c II > 2 
3 c I 3 5 7 9 1 1 > 3 
II C b > 4 
5 C 2 II b II IA 12 > 5 
b e 12 12 I • I 1~0 10~ > II 
7 C I 180 11,)0 90P 3A 2 PI o LOGNRML 1150 /I.0b 30.0 311.3 00 Pl9 09 110 27 ISNQ > 7 
II C 15 f, 383 ~ 3/\3 LS 115 15 PI ]I! 3 ~ 383 SR 55 > 8 
CJ C 2 ~ 1150 517 30 2 > 9 

10 C 15 '" 383 III 383 LS IS III 383 o 383 SR > 10 

1 I C 3 232 882 793 30 2 '" o LOGNR"'L 725 11.73 19.0 25.7 13 00 07 08 4c 30NO > 11 
Ii' C 15 o 118b III lIeb LS 40 15 \1! IIlIb o 118b SR be > 12 
13 C u 52 1199 1191/ 30 2 > 13 
I Q C IS o 118b o 118b LS 15 III 4U '" 48b SA > 14 
IS e 5 271'1 9'''''' 11111'1 3~ 2 30 III LOGNAML 1/70 b,21 19.0 25.7 25 10 00 11 0q 115NO > 15 
III C 15 11 383 PI 31\3 LS 1/5 IS 111 383 o 383 SR 55 > lb 
17 C II 90 517 11110 30 2 > 17 
18 C 1'5 III 383 '" 383 L8 15 III 383 " 383 SR > 18 
19 C 7 " lib'S 0 30 2 III " 8NEGElIP 550 2.18 25.'" 28.b 38 27 21 ae e5 lIND. U 
20 C 15 o 388 PI 388 LS 50 15 " 388 III 388 SR 50 • n 
21 C 1\ 18111 IIbS 31\8 30 2 • 21 
?2 e 15 A 388 o 388 LS 15 o 388 o 388 SR > 22 
23 e q 59 19 190 3i! 2 III '" LQG~R"'L 575 ".99 23.9 28,0 07 45 25 12 00 liND> 21 
211 C IS " lI]q o 1139 LS 50 1'5 '" 1.139 o lin SR 50 • ZQ 
?S e I ~ 239 3CJr; III b 30 2 > 25 
2b C 15 \1! un o 1139 LS 15 " 1139 " 1639 SR • 2b 
27 C I 1 !20 IS 71113 30 2 30 PI SNEIOD" 'SafIJ 2.18 24.5 27.7 g9 Ib 57 .6 22 liND. Z1 
211 C 15 III 1133 o "33 LS 50 15 I 1133 .an aR ,I • II 
2q C 12 3"'" 39'" 1187 30 2 > 2q 
3'" e 15 '" 1133 o 433 UI 15 o IIl3 " 1133 SA > 30 
31 C II • 31 
32 C 1 1113 '517 90 120 7 > 32 
33 e 2 517 3/\1\ 271'1 90 22 > 33 
311 C 3 1.125 38/\ Bill 12E' lP > ,. 
35 C II 370 QI.I9 3111 12111 S > 35 
3b C 3 • :U 
37 e I III~ 39" 112P Hb • 37 
38 C 2 375 US9 380 115b • 38 
H C ~ u~5 513 U~q ~!I > 39 
lHl e (I' > 40 
U! ePRI~ARY PLOTI SA"'E 1'50.PlPI 30.~~ 12 > 111 
42 eN" NO NO ~n NO NO Nr ~O NO NO N" NO NO NO NO NO > 1.12 
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I 2 3 Q 5 b 7 l\ w 
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GEOMETRY POnCFssOo FUo THE TEIAS TQAFFIC SIMULATIO_ PAC.AGE PAGE 

SI. P~T.1S T~TFoSECTION (12 APPRUAC"E~ .IT" 2 ~ANES) 

TAB~E ~ISTING OF INBOUNO APPROACH NUMBERS 

I 
3 
5 
7 
q 

II 

TOTA~ NUM8ER Of I,SOUND APPROACHES. b 

TABLE 2 ~T~TI-G OF OUTBPUND APPROACH NUMBEHS 

2 
4 
b 
8 

IP 
12 

TOTA~ NUM~ER OF OUTSOUND AP'ROACHII. b 

TOTA~ NU M8ER O~ IN80UNO AND OUTBOUND APP~OAC~E8 • IZ 

TI8~E ~IST!NG O~ APPROACH!I 

AP,AO'CM NUMBEA ••••••••••••••••••• 1 
,P'ROACH 'ZI~UTH ••••••• ___ •••••••• 181 
BEG!NN!N' C!NT[R~IWE • COO~DINATI· 4'1 
BEGINNING CENTERLINE Y COOROINAT!. 91' 
SPEED ~IMIT (MPMI ••••••••••••••••• 30 
NUMB!R OF OEQREES 'OR STRAIG~T •••• l0 
NUMBER OF DEGREES 'OR U.TURN •••••• 10 
NU~B[A OF LANES ••••• _____ •••• _.... 2 

~ANE I~ IB~N wiDTH • •• LANE GEOMETRY ••• ~EGAL TURNS 
I I I 15 0 383 0 383 (LI I 
2 2 2" ~ 383 0 ]83 ( I~I 

APPROACH ~U~8~R ---_._------•• -.-.- Z 
APPRO'CH AZIMLITH --_.------_.------ ~ 
8EGINNING CENTERLINE W COORDINATE· 450 
REGINNING CE~TER~INE • C~ORDTNArE· 517 
SpEED LIMIT [MPM' ••••••••••••••••• 30 
NUMBER OF DEGREES ~OR STRAIGHT •••• 20 
NUMBER OF DEGREES FOR U.TURN •••••• 10 
_UMBER Of LANES ••••••••••••••••••• 2 

~ANE I~ IRLN "10TH ··.~ANE GEO"f TwY ••• ~EGA~ TUR_S 
I 3 ~ 15 ~ 3hl ~ 183 [~S) 

2 0 15 ~ 183 0 383 ( SRI 

["EOUN ~ANEI 
(CURB ~AN! I 

[MEO UN L A'E) 
[CURB ~ANE I 

GEOMETRY PRnCFSSOR FOR THE TEWAS TQAFFIC ST'U~ATION PAC.AGE PAGE 

••••• STX POI'TS INTERSECTION (12 APPROACHES wiTH 2 ~ANESl ••••• 

,PpQOACH ~IJ~BEQ ___________________ 3 

APpROACH AZIMUTH •••••••••••••••••• 212 
~EGINNING C~NTER~INt W COUROINATE. 882 
REGTNNING CfNT~R~INE • COORDINATE. 793 
SPEED ~I~IT [MPH) ••••••••••••••••• 1e 
NUM8EP 0' DEGRE!S FOR STRAIGHT •••• 21 
NUM8EP 0' OEGR!ES ,OR U.TURN •••••• Ie 
~UM8E~ ~, L,~[a ---.-----.......... z 

~ANE I~ IB~N wiDTH ••• ~ANE G~OMETRY ••• ~E~A~ TU~NS 
I 5 ] 15 ~ 48b e 486 [LS I 
2 b 4 15 48b ~ 48b ( SRI 

APpROACH Nu~8[R _. ___ ._. ____ .______ • 

• PP~O'CM 'ZJMUTM --.---............ 'I 
BE'IWNI~G CENT!RLINE X COORDINAT!. • •• 
8EGI~Nl~' CENT!R~IN! Y COORDI~AT!. 494 
SP[[O LIMIT (.PM) ••••••••••••••••• 31 
NUM8[R OF O!GREES FOR ITRAI;HT •••• ~e 
NUM8ER 0' OEG~EE8 FOR U.TURN •••••• Ie 
NUMBER 0' L,~!a ••• --.............. Z 

~AN! I~ 18~N olOTH • •• ~AN! GEOMETR •••• LE~AL TURNI 
I 7 0 15 1 410 • 4" (LI I 
Z I 1 15 I .. ' III 4" ( Iltl 

,ppAO'C~ NU"8!R ••••••••••••••••••• 5 
",AO'CH 'ZJ~UTM •••••••••••••••••• 111 
8EGINNI~; C!NTERLIN! X COORDINATE. "111 
8E,IN~IN' C!NT!RLI~E Y COOROI~AT!· 448 
IPE(O LJ"JT (.,w, •••••.••••••••••• JI 
NUMS[R 0' O!Q_!!I '011 STIIAIGHT •••• 31 
NUMB!R OF D!;A!!I ,OR U.TUR~ •••••• Ie 
NUMB!A 0' L'~ll ••••• --••••••••• -.. Z 

LAN! IL lSLN _10TH ••• LANE G!O~!TRY ••• L!;AL TURNI 
I • 5 15 e US • 38S (LI I 
2 Ie, 15 1 sn 1 383 ( Iltl 

",AOACH NU"8[R ••••••••••••••••••• • 
,ppAO,CH AZJ"UTM •• - ___ •••••••••••• ., 
8EGINNING CE~TEA~INE W COOROINAT!. 517 
8!;IN~I~' CENTEA~INE Y COOROINAT!. 441 
SPEED LJ~IT ("PM' •••••••••••••• -.. 38 
NUM8ER 0' O!GR~!S FOR ITRAIGHT •••• ae 
~UM8ER OF OEGR!ES 'OR U.TURN •••••• I~ NUMBER 0' LANES • ___ • _______ .______ 2 

~ANE I~ 18~N "10TH • •• ~ANE G~OM~TRY··. ~EGA~ TURNS 
I II ~ 15 a 385 ~ 383 (LS I 
2 12 0 15 a 581 e]&3 [ SRI 

(MEOUN ~ANE I 
(CURB ~ANEI 

(H!DUN ~ANEI 
(Cun ~AN[I 

(~!DUN ~ANE I 
(CURS ~ANfl 

(MEDIAN ~ANEI 

[CUR8 ~ANEI 

w 
,~ 
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G~O"tTQ' P~OC~SSUR FOR THE TE~AS TPAFFIC SIMULATION PAC.AGE PAGE 

~IX ~UINIS INTfRBECTlnN (\2 APPROACHES olTH 2 LANtS) ••••• 

PAT" l~ GotS FRnM LA~~ I OF APP'UACH Q TO LANE I OF APPROACH 2 
LENGTH OF PATH. Il8 FEET AND SPEEO OF PATH. 12 FEET PER SECOND 
NUMBER 0' CON'LICTS • 18 ANO TUNN CODE FOR PATH IS LEFT 
CON'LICT ENTRy NUMBERS ORDEREO BY OISTANCE OOWN THIS PATH ARE 

l31 IqQ l!0 158 57 l2Q 21b lIb IbQ 41 
lZ8 25 18b Q 13~ 142 IQI ll7 

~A'M 'b aO!8 FROM LANE I 0' APPROACH Q TO LANE I 0' APPROACH a 
LENGTH 0, ~ATH • 1]1 FEET ANO 8PEEO OF ~ATH • 4a FEET PER SECOND 
NUMSER 0' CON'LICTS • 18 AND TURN CODE FOR ~ATH IS STRAIGHT 
CON'LICT ENTRy NUMBERS OROEREO 8Y OISTANCE DOWN THIS PATH ARE 

235 l8~ l34 58 15Q l33 ol lST lb lel 
170 IQl ll5 IR7 8Q 178 l32 10 

PATH 27 ;DE8 'ADM LANE I 0' A~PAOACH • TO LANE I OF APPROACH 12 
LENGTH OF PATH. 182 FEET AND SPlED OF PATH. II FEET PER SECOND 
NUM8ER 0' CON'LICTS • Il ANO TURN CODE FOR PATH IS LE'T 
CON'LICT ENTRY NUM8EAI ORoERED IV DISTANCE DOWN THIS PATH ARE 

III Ib8 laB l]Q 117 1)8 1]1 i37 7l lib 
lS8 171 

PATH 28 GOEs FROM LA~E l 0' APPROACH Q TO LAN[ l OF APPROACH a 
LENGTH OF PATH. 13l FEET AND 5PEEO OF PATH. 00 FEET PER SECO~D 
NUMBER 0' CON'LICTS • 18 AND TURN CODE FOR PATH IS STRAIGHT 
CONFLICT fNTRy NUMSENS ORDERED BY DISTANCE OOWN THIS PATH ARE 

III 5' lel ,., U II) IIQ 141 191 i7 
Ibl lIb t7l QS 188 17. III 181 

PATH ,. aO!8 'ROM LANE l 0' A~PROACH Q TO LANE i OF APPROACH , 
LENGTH 0' PATM • 110 FEET AND SPEfO OF PATH. )' PEET PER SECO~D 
NUM8ER 0' CON'LICTS • 12 AND TURN CODE FOR PATH IS RIGHT 
CONFLICT ENTRY NUMRERS ORDERED BY DISTANCE oOON THIS PATH ARE 

l"5 b~ •• I~. l~3 laQ III IQ8 lIT ill 
llS 2.4 

PATH 3~ GOE8 FROM ~ANE l OF APPRUACH Q TO LANE 2 OF APPROACH 8 
LENGTH 0, PATH. "1 FfET AND SPEEO 0' PATH. 14 FEET pER SECO~D 
NUH8fR 0' CONFLICTS. I AND TURN CODE ~OR PATH II RleHT 
CONFLICT ~NTRY ~UMBERS oRnERfD 8Y DISTANCE DO~N THII PATH ARE 

bl 20h 

PATH 31 GOfS FROH LANE I 0' APPROACH II TO LANE I OF A~PROACH 2 
LENGTH 0, PATH • 1~0 'EfT ANO SPEED OF PATH. II FEfT pER SECOND 
NUMBER OF CONFLICTS. I] AND TURN CODE 'OR PATH IS LEFT 
CONFLICT ENTRy NUMBER8 oADtRfO 8Y DIITANCE DOWN THIS PATH ARE 

23b 13 211 113 bl 1)2 IIQ 05 lS II 
103 IQ5 217 

PATH 32 GOES FROM LANE I OF APPROACH II TO LANE I OF APP~OACM • 
LENGTH OF PATH. Il5 FEtT ANO IPEED OF PATH. 30 FEET PER SECONO 
NUMRER OF CONFLICTS. 18 AND TURN CODE FOR PATM II LfFT 
CON'LICT ENTRY NUM8fRB OROEREo 8Y DISTANCE oO"N THIS PATH ARE 

14 2]7 133 h3 212 170 .b ll8 lIS lq 
IQb 105 IQ0 lIS QI 188 l3l 12 

GEOMEI"' P~I,CESSl'O F[,. IH~ TDAR T~AFFIC SIMULATION PAC. AGE PAGE I~ 

SIx PUINTS INTERSECTIQN (12 APPROACHES .ITH l LANES) ••••• 

PAIH 33 Guts FROM LANE I 0' 'PPROACH II TO LANE I OF APPROACH b 
LENGTH O. PATH. 14l FEtT AND SPEEO OF PAIH • 37 FtET PtR SECONO 
NUM~ER Q' CONFLICT8 • 18 ANO TURN CODE 'OR PATH IS STRAIGHT 
cnNFLICI ENTRY NUMBERS ORDEREO 8Y OISTANCE OOON THIS PATH ARE 

15 134 238 IIQ b4 l2Q ll3 47 Ib2 213 
I~b 2"1 197 150 ?IQ l23 30 Ql 

PATH 34 GO[I FRO~ LANE l OF APPROACH II TO LANE l 0' APPROACH b 
LENGTH 0' PAfH • la. FEET ANO 8PEEo 0' PATH. 38 'EET PEN SECOND 
NUMBER OF CON'LICTS • Iq ANO TUPN COOE 'OR PATH 15 STRAIGHT 
CONFLICT ENTRY NUMBERS OROEREO 8' DISTANCE DO.N THIS PATH ARE 

1b 135 Il8 l]Q 163 l31 l34 65 l84 l02 
08 1~1 ?14 151 IQ8 ll8 l24 llb l4G 

PATH 3S GOES FROM LANE l 0' APPROACH II TO LAN[ l OF APPROACH 8 
LENGTH OF PATH. 187 FEET ANO SPEEO 0' PATH. lb 'EET PtR SECOND 
NUNBER OF CONFLICTS. Il AND TURN CODE FOR PATH IS RIGHT 
CoN'LICT ENTAY NU~BERI OAoEA£D 8Y OIITANCE OO~N THII PATH ARE 

77 I]b III 14e 1'4 le, i31 l35 24] l05 
bb iab 

PAT" 3b GOlS FRO~ LANE I OF APPROACH II TO LANE i OF APP~OACH 10 
LENGTH UF PATH. as 'EET ANO SPEED 0' PATH. 14 FEET PER SECOND 
NUM8EA OF CON'LICTS. I ANO TURN CODE 'OR PATH IS RIGHT 
CONFLICT ENTRY NU~8EAa OAOEREO 8Y DISTANCE DOoN THIS PATH ARE 

T8 1]7 

TOTAL NUMIEA 0' PATHI CALCULATED. 3b 

TABLE LilT IN; 0' CON'LICTS 

CON'LICT PATHI PATHI APPR I APP~l OIlTI DIITl ANGLE INOEX I INDEXl 

I 7 3 be lS 1'0 q 3 
I 8 3 54 l8 117 7 3 
3 Q 3 .. 3l IlS b 3 
8 II 3 U 38 !BI 3 " § Ii ] II 4 I lIb I b 
b Ib 5 b] 3Q l35 10 5 
7 I Q 7 ]a Qb 131 5 \0 
S II 7 55 QI l5b 8 I 1 
Q i5 Q 33 180 203 0 I" 

18 lb , 8l tl7 189 12 18 
II 31 II lb 7Q 254 2 10 
Il 3l II 75 1141 352 II I B 
13 7 3 tls Q4 8 17 13 
14 8 3 b7 55 bl 19 8 
15 l Q 3 51 5l R3 b b 
Ib l II 3 3b 4Q 7l 3 b 
17 2 Il 3 21 Ib ~5 I 7 
18 2 13 5 Q5 33 Il3 15 3 
IQ l 14 5 1Q 4b 138 Il 5 
l~ 2 15 5 b4 58 151 8 e 
21 ? 18 ~ H 7l 138 0 II 
22 2 I Q 7 71 b5 214 II 7 
23 l II 7 Q3 5l 233 10 5 
2" ? 13 7 Qq 4Q ?5q Ib " 25 ? 25 Q "b 8] 22Q 5 12 
ib Z 2b ~ bb 78 27b q q 
21 ? 28 Q 82 82 2~8 13 I ~ 
2" 2 II II H b. 202 2 q 
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SIX P01NTS lNTEA5ECTlON lt2 RPPR~CHES ~lrH 2 LANES) ••••• 

SCALE FACTOR lS 150.0 FEET PER INCH 
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••••• 5JX P01~TS I~TERSECTION Cl2 RPPROACHES YITH 2 LANES) ....... 

+ + 
+ + 

+ 

+ 
+ + 

SCALE fRCTOR 2 S 30.0 FEET FEA 1 NCH 
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••••• S]~ paiN1S IWT£RS£CT10N (12 APPROACH£S WITH 2 LANES) ••••• 

-+ 

+ 
SCALE fACTOR IS .30.0 ft:.E.T PEA fNCH 
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~WIVEw-VFHICLE ~N0CESSUM FOA THE TEXAS TRAFFIC SIMULATION PACKAGE 

••••• SIx ~OINTS INTE~SECTION (12 APPROAC~ES MITH 2 LANES) 

TAI:ILE 

1 
3 
5 
7 
9 

I I 

TUlLE 2 LISTING UF nUT ROUND APPROACH NUM~ERS 

2 
(j 

II 
8 

1'" 
12 

IOTAl NU~~ER OF UUTBOUND APP~OACHES ~ II 

TARLE 3 QAIVEA-~EHICLE PROCESSOR OPTIONS 

TI~E FUR GENERATINb VEHICLES (MIN) ••• _ 
MINIMUM HEADWAY FOR ~EHIClES (SEC) - ••• 
~uMRER UF VEHIClt CLASSES ••• ___ ••••••• 
~UMijEW OF DAIVER CLASSES __ • ______ •• _ •• 
PEACENT OF LEFT TURNS IN MEDIAN LA~E •• 
PERCENf UF RIGHT TU~NS IN CUAH LANl • __ 

TAtllt tj LISTING OF APPROACHES 

APPUUACH NUM~ER ___ •••• _. __________ ._._ 
APP~OACH AZIMUTH --____ ._._._. ________ _ 
NlJM~EN uF LANES ___ • ____ •••••• _ •• _._. __ 

12 
I • t 

1Ic! 
3 

li1l"'. 
1,t,." 

I 
18'" 

2 
~UMMEA OF DEGREES FOR STRAIGHT __ •• ___ _ 
HEAO~AV DISTRIBUTION NAME _____ •••••• _. 
EQUIVALENTLV HOURLV VULUME (VP~) .--••• 

2<l 
LU(;N~ML 

1I5>1 
APPROACH MEAN 5PEE~ (MPH) •• _._ ••• ___ ._ 
APPROACH 8; PERCENTILE SPEED (MPH) ___ _ 

OUTtiuU~U APPM04CH NUMBER - •• ____ ••• 
PERCENT GUING TO OUTBUUND APPROACHES •• 
USER SUPPLIED PEACENT OF VEHICLES ••••• 

~EHICLE CLASS ~U~~ER ••••• - •• -----­
PAOG~AM SUPPLIED PERCENT OF VEHICLES __ 
PE~CENT OF TRAFFIC ENTERING ON LANE 1 -
PEMCE~' OF TRAFFIC ENTERING UN LANE 2 • 

!"','" 
!ij.3 

C 

NO 
1 

20," 
115, 
~5. 

iPP~OAC~ NI)"RE~ •••••••••• - ••• --.--.--- 2 
APPROACH AZtMUT~ ----.-•• ------------__ ~ 
NUMMEH OF LANES -----•••••• -- ••• ---.... 2 

2311 
32,"" 30." IS," 
(MEDIAN LAN,,) 
(CUMI! lAN!:.) 

5 
,S 

• •••• 

12 
15. 

7 
, 1 

1'<' 
I,e; 
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1)101 I IIE~·IIC:"'fCl E I'>lOCE.SSLlR FOR fH!:. TluS TR lFFI C 5I"1uLATltlN P"CKAG~ PAfi!:. ? 

*.*.* SlJ: PUINTS lI'fEllSE,C Tt ON (12 APPROACHES WlrH 2 LA"'E51 •• *** 

APPROACH N.jI4BER -------_.--_._._------. J 
APPHOAtH A1II1.jTH --------------------_. 232 
"u"'flEk uF LA"ES -----_ ... -------------- 2 
N'IM8ER rJ~ DEGREES 1'01< STRA]fiHT -------- 2~ 
HEAI)"A Y uISTwttlUT lLlN NAME .------------ LUGrlRML PAI(AMflEH II 11,7\ 
EflllI IIALENTt. Y HOURLY IIOLUME (IIPH) .--_.- 125 
APPROA!:H MEA" spl:En (MPH) ------------. I"." 
A.PPIo/OACH 8'5 PlRClt.T lL t SPEED (MPtO ._-- 25.7 

OU t IHlONO APPROACH "'U"HER .--------- 2 /j b II PI 12 
I'EwCENt GOhG TO OIJT!:IOllNO APPfWACHES .. 13. I! 7. II, 42. 3". 
USER S\tPPLH.D plHCENT OF IItHICLES ----- NI) 

IIf" I CLE CLAS!! NUMSER --------.-_.-. I 2 1 /j 5 " 7 /I q ttll 
"'ROG'"M SUPPLIED PERCENT OF VEHICLES .. 2i<!," 12.'" 111,0 1~," ,~ ,2 • I ,r? ,'" 1.5 
PVlCENT nF TiHFFIC EI-IHIIING ON LH.E 1 · lilli, (MEDIAN LANE) 
PERCENT OF TIIAFFIC ENtERTNG Oil LAIlE 2 · bill, (CURB LANE) 

ApPRole ... liU!1flER ---._._-.--.----.--_._. 1,1 
APp"OACH AZIMUTH -----.... -............ 52 
!\IlJ"~t"l vI' LANE5 ._ ....... --..... _ ...... 2 

APPH f14C"'1 NUIU'EH ._-_ .... _ ......... -.. _- ') 
AppHilACH A2I"UTH -._-_ .. __ ._---.. -..... 27>1 
'IIU"1BEk OF LANES .••......•.... _ .. __ .. -. 10 
NIlMRER llf llEGREf.S I'D" SrRAIGHT .. -.... - 3~ 
H!(AO"AY llISTRIBUtIOIl NAMf .--•........ - LOGNR"l" P4"A"I:.TER II 1>,2~ 

E~UIV4LENTLY HOUIo/LY VULUMI:. (III''') .. __ .. 1,1111 
App1I04C .. MEAN SPEED (MPH) .... _ ........ IOi,.1 
APPrlOACH 85 PERCE"JTILI:. SpHD (M",,) _ ... - 25,7 

OUT!:j,JUND AppROAC" "'U"IHER _ .•.•..... Z <I I> 8 111 It' 
pEIICE"T GOI Nf; TU I1UTB{IlI'll1) A"PllflACHE.S .. 2,:). II<!. \j I I , q, .. ~, 
IJSEI< SI)PPL1EI) PlRC!,;N! OF vEHICLES .. _ .. "'0 

vE"ICLf- CLASS IlUMBER _ •.•••.... _--. I 2 j /j ~ " 7 .. 'I I ... 
PI< ll!,;~ A" SUPPLIHl PERClNT OF VE.HICLES -. 211,10 12, .1 3"," I"" " ,10 .1 .~ ,5 I,S 
Pl~CE!\IT OF TilAI' I' IC ENfERING 0", LANE t · <IS, (MEDIA" LA"'t) 
PfIolCE'", Of TIlAnIC E"'Tf;.RI"G 0", LAlli: 2 · 55, (CUR!! LA"".) 

A!>P"OAe" NUMHER ••...•..•.•• -_ .•.. -.... b 
A"pI'IOACrl AZIMurH ..•...••.•••... _ ...... q" 
NU'~I'IEIo/ UF LANES ••.......•........••... 2 

APP"UAC" 'lUMRE" .......................... 7 
ApPHOACH AZI"'UTioi ........................ 13 
"'U"flErI t1~ LA"'f.S •.••..••.•.....•...•••. 2 
NI)MI'IE" OF UtGREES FOR STRAIGHt ........ 2'" 
HEAD'cAY 015 TRIIIUTII]" NAME ••........... SNEGEXp PAf<H.t TER ;; 2,111 
EYUl.ALt:: NTLY "OURLY IIOLUME (lIpH) ... _-. '550 
APPROACrl '4EA", SPEEO ("'PH) ....•...••... 25 •• \ 
ApPHOAC" 8~ Pf.HCEIIITILf" SPEED (MI'H) _ ... 28,b 

OuTMnu",O APPROACH "'uMI'IER ....•..... 2 II b 1\ 1;1 1;> 
PEIo/CENT GOI"'r, TO OUTBuUND APPROACHES -. 58. 27. 20, \l 5, I"', 
USER Sdlo'pLIED PE~CENT OF IIEHICLES ...... NO 

>lEl-<lCLE CLASS NUMt;E.R ................ 1 2 3 4J S b 7 ~ " 1 <-PI<UGRAM SUPPLl ED PtRCfNT OF VE"IICLES -- 21'1." 12.111 51'1," IS,il , ~ .2 ,I ,~ ,c; 1,r:; 
PtRCE"" of HUFF IC ENTI'.RtNG ON LAIlE I · 5~. ("IEIlIAN LANE) 
P(RCf-NT 0F T~""I' IC ENTERY"G ON L4NE 2 · ~i:I, (CUkl3 L ... ",t.) 

lPPROACH NUMHEI< •..•..•..•..•..•••.•.•. Il 
ApPiolOACH AZIMUtH ....................... 11111 
NU"I;!f.H OF LANES ........................ 2 
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••••• Sl~ PUI~TS I~'f~SEC'IUN (\2 APPR~ACHES ~IT~ 2 LANES) 

APPROACH ~UMAER •• _________ ._ •• _. __ •• __ 
APp~OACM AZIMUTH • _________ ._. ________ _ 
~U~8ER OF ~A~ES ••• _. ____ ._ •• _ ••• ___ ••• 
~U~HE~ OF OEGREES FO~ STRAIGHT _ ••••• _. 
~EAU~4Y OIS'~IHUTION ~A~E __ • ___ ••• _. __ 
~QUIV4LE~TLY H~U~LY VOLUME (VPH) __ •• _. 
APPROACH ~£AN SPEED (MPH' ____ •• ____ ._. 
APPROACH ~S PERCENTILE 5PEEO (HPH) __ ._ 

OYTROU~D APPROACH NUMBER --___ •• __ _ 
PEl<CENT GUING TO UUT80UND APP~OACHES __ 
USER SUPPLIED PERC£NT OF vEHICLES __ • __ 

~£HICLt CLASS NUMBfR --.- •• _ •••••• _ 
PROGRAM SUPPLIED pERCENT OF VEHICLES _. 
PE~CE~T OF TRAfFIC ENTfRtNG ON LANE \ • 
PEwCENT OF THAFFI: ENTtRING ON L~NE 2 _ 

II 
5q 

2 
201 

LOGNRI'\L 
575 

21,Q 
21:1,& 

2 
7, 

.~U 

\ 

b 1'1 
25, 12. 

2 
~~.0 lc.~ l~.~ 15.~ 

5w, (MED[A~ LANE) 
50. (CURB LANE) 

APPR()AC~ Nu~aE~ _--- __ ••• ___ ._. __ ._. __ • l~ 

APPkOACH AZl~vTH ---._. _______ ._._.____ 239 
~U~RE~ OF LANES ----._.-____ • ___ • __ .___ 2 

APPkUACH NUM~ER •••• ____ • __ •• _._. ___ ._. 
APPR{)ACH 'ZIMuTH ._. ____________ • __ •••• 
NUM~fR OF LiNES • __ • ___ ••• __________ ._. 
NUMMEl< OF DEGREES FOR STR'IGHT ___ ••••• 
HEAD~AY DISTNIMUTION NAME --••• ___ • __ ._ 
EQUJ-'LE~TLY ~OURLY YOLU~£ (VPH) .-.---
A~PNUACH ~EAN SPEED (~PH) -. __________ _ 
APPROACH ij5 PERCENTILE SPEED (~PH) _ ••• 

uuT~OUNO AP~ROACH Nu~~E~ ••• __ • ___ _ 
PERC~~T GoIN~ TO OU1HOUND APp~nACHES ._ 
uSE~ SUPPLIED PERCENT OF VEHICLES •• _._ 

VEHICLE CLASS NUMBER .-._--_______ _ 

11 
12" 

2 
ll! 

SNEGExP 
5kl~ 

2/l.5 
27.7 

2 
q. 

"'0 
! e 1 II 

PNUGRAM SUPPLIED PENCENT UF -EHICLES -­
PENCENT pF TMAFFIC f~lERING UN LANE \ • 
PE~CENr OF TRAFFIC ENTERING ON LANE 2 _ 

32,<1 1"'." 15,11 
("'EDIAN LANt) 
(CURl! LA"'t.) 

APP~OAC~ NU~RE~ •• ---------._--____ ._._ le 
APPROAC~ AZIMUTH ._. ________________ ._. 30~ 

NIJ~BE~ OF LANtS ---------____________ •• l 

rUTAL ~IH"8ER OF APPR[IACHE5 = Ie 

TARLE 5 

USER SUPPLIED DRIVER CLASS SPLIT ----•• 
uaEN SUPPLIEO VEHICLE CHAMACTfRISTICS • 
USfR SUPPLIED DRlvE~ CHARAC1E~ISTICS _. 

~EHICLE CLASS NUMBER .-----._._ •• __ 
~EHICLE LOGOUT SUMMAQY REQUESTEo .-.--­

DRIVER CLASS NUM~ER ---••••• _ ••••• _ 
ORIVE~ LOGOUT SUMMARY REQuESTED ___ •••• 

NO 
"'0 
NO 

1 
"'0 

\ 
"0 

2 
NO 

2 
NO 

1 
NO 

1 
"'U 

II 

"'U 

*.**. 

1 III \ 2 
~I I I • 

1" 12 
22. If! 

7 
• I 

• I 

7 
,"0 

II 

.'> 

I " 
I ." 

, I' 

NU 

3 



***** SIx POINTS INTE~SECTIQN (Ii APPROAC~ES ~ITH ~ LANES) ***** 

D~IvER CLASS S~lIT (p~nGRA~ SUPPLIED VALUES) 

I.)RlVER CLASS NUMBlR .--._--_._.---. 2 3 

VEHICLE CLASS NU"IlER 1 -------_._. 30,1'1 110,1'1 1~,0 
VEHICLE CLASS '~UIo1BER 2 ----------. 35,'" 35,1<1 3il," 
VEHICU: CLASS NUIo1BER 3 _._-------. 21-1,11 110,1<1 "",Ir' VEP'tICLE CLASS rlUMtlER II -------_._. 25,111 516,11 25,1<1 
VF.MICLE CLASS NUMBER 5 ._--------- II 0, Itl 30,0 31tl,t1 
vEMICLE CLASS NU"I!ER t> --------._. 5"','" II",,, Ill," 
VEMICLE CLASS NUMB!:R 7 -----.----. 51l,'" lIil,,, 110,'" 
VEHIr.LE CLASS NUMBER B ------_._-. 2"'," 30,1<1 51l ,'" 
VEMICLE CLASS NUMBER q ----------- 25,1<1 511," 25,'" 
VEP'tICL!: CLASS NUMBER hI ._._----._. 5"," 110,11 111,0 

VEMICLE CHARACTERISTICS (P~OGRAM SUPPLIEO VALUES) 

vEMICL.E CL.ASS NUMBER .. ------------ 2 3 4 5 t> 7 

LENGTM OF VEHICLES (FT) ----------. 15 17 19 2~ 3'd ~~ 0,5 
VEMICL!: UPERATIONAL FACTO~ -------. I"'''' 1 I i<l 1116 li<l~ 85 81-1 7':> 
-IAXIMU" DECELERATION (FT/SEC/SEC) . 8 1 I 11 8 11 1 I 11 
Io1AXI"UM ACCELHUTI(1N (FT/SEC/SEC) . 8 q 11 8 8 7 I> 
O\AXIMUM vELUCITY (FT /SEC) --_._.-.- 150 lq2 2klirl 15'" 11>\01 It>" 10,10 
MINJMUP't TURNING RADIUS (F T) _.----- 2i! 22 211 

rJR I V!::R CHARACTERISTICS (PROGRAM SUPpLlEl) VALU!:S) 

DRIvER CLASS NUMH!:R .----------_.-. 2 3 

DRIVER OPE~ATIONAL FACTOR --------. 11 " IoH' 65 
DRIVER REACTION TI ~,!:: (SEO _._----- .5 I,ll 1,5 

TABLE b GENERATION OF APPROACM HEAD~AYS 

APPROACH r>ISTRIt1unON 'WMllfP VOL.UME INPUT 
NUMBER NA~E GENERATED GENERATED VOLUME 

I LOGNRML tlt> '130 U5<1 
3 L(1GNRML 138 t>91f! 725 
') LOGN~"'L 1"'3 ':>15 U70 
7 SNEGEXP I II 555 55i<l 
q LOGNRML 1 I" 58 If! 575 

1 \ SNEGExP HI., 51Hl 5~>l 

TOTAL 1>5<1 327111 327i<l 

TARLE 7 EXPLA~ATION OF SPECIAL CASES 

VEMICLE DRIVER VELOCITy OUTBOUND 
CL.ASS CLASS (FPS) APPROACH 

INBOUND LA"'E 
APPROAC~ NO, 

61>,10, 3 
3Q5.IIU 3 
'I<lt>.ql 3 

NOTE EXPLANATION OF T~E NOTE(S) 

28 u2 

PE~CE~JT 

i,lIn~H~NC!:: 

_".u"t 
·'1,85 

q,57 
• ~ I 
,87 

i<l 

'" 

LOGOUT NOTE 
P~INT 

"'" 4~ 

351 

PAC.E. u 

B ~ 1'1 

25 35 1<1 
q" 11<; II" 

oj 11 12 

" ':> 1<1 
10,'" 12'i ""'':; 

2 .. (>'" 2~ 

HEAD"AY LESS THAN 1,1 SECO~DS FROM PREVIouS vEMICL!: FOw T~IS APPROACH ANO ITS LANE(S) 
GENERATED VEHICLE !GNORED 
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PAG~ '5 

••••• SIx POINTS I~TERSECTtON (12 APP~UACHES kITH 2 LANES) ." .. " 
TARLE 1\ FINAL APPROACH VOLUMES 

SPEC IAL VEH1CLf:S GENERATED VEHICLES TOTAL VEHICL~S 

---------------------- ---------------------- ----.---.-.----._-----APPR'JACH NUMBE~ FOil VOLUME FOR NUMBER FOR VULUME FOR NUMBEh FOIol VULUME Fn~ INPIJI NI.JMHER SIMULATluN SIMULATIoN SIMULATION SIMULATION SIMULATION SIMUlATIO" V IJl'lME 

I ~ II lib illV' ilb ,,1101 II'iVi l \.1 .., 115 b75 11'5 b7'5 7;>'5 
~ II " 1"'1 '51~ un 51'5 117'1' 7 '" II 111 '5'5'5 I I I ~'5'5 '5'51< q Il II \Ib 58., lib 58~ 575 II " " Uk! '5\'1iJ I"''' '51/)'" '5 \OJ " 

TOTAL 
'" I'! ·b'51 125'5 b'5l lZS5 J271'1 

TrtE INTERSECT10N HAS A JAM DENSITY U~ 2311 VEHICLES PER MILE 

TABLE ~ STATISTICS OF GfNEIolATtON 

APPROACrt STATISTICS 

... --.----.~-------
APP~tJACH NUMAER _._--_.-._._ .... _--_.-. I 

OUT~UUND APPIolOACH NUM"E~ ---._._.-. 2 " b 8 111 12 
PE~CENT GOING 10 OUTHOUNO APPROACHES .. ~ 7.1d 11 .0 "".1 21.1 11. " 

VEJo<ICLE CLASS NUMBER ------_._._.-. I 2 J " '5 b 7 8 'I I J,1 
!>ENEluTION PERCENT OF VEHICLES ._-_ .... 2<1.'1 lb.'" 2'1. I 'I.j I' 1.2 10 '" 1.2 ".3 PtRtENT OF TRAFFIC ENTERING ON LANE 1 · IIb.5 (MEOlAN LANE) 
Pf.wC~N' OF TRAFnc f.NTE~ING ON LAN~ 2 · '51.5 (CU~f< LAN~) 

APP~OACH NUMtlE~ .. -.-_._._-_ ... -.-----. 1 
OUT ROUND APPROACJo< NUM8!:R ------_.-. 2 II b 8 I", 12 

PERCENT GOING TO OUTBUUND APPROACH!:.S -. 8.'1 '" 8. I 5.'1 "j.", JII.I 
HHICLf: CLASS NUMtlER ------_ ..... _- I 2 J " '5 b I! q 1"-

GE~ERATI(JN PERCENT OF VEHICL~S ------_. 22.2 25.'1 lb.l I " .• I I< " ,I " " I • ., 
PEhCENT OF T'UFFIC ENTERING ON LA"t I · ,,",.1 (M~UlAN LA"!:. ) 
PE~CE '>IT OF TRAFFIC ENTI::RI"G ON LANE 2 · 5 Cl .J (CUIIII LA"E) 

APP'/(JACH NUMBER ---.---.--------------. '5 
OUHIOUND APP~OAC>-I NUMBE.R ---------- 2 II b 8 Iii 

I " PERCENT GOING TO OUTBOUND APPROACH~S -. 21." '1.1 10 b.6 Ill. b 1I1.b 
VEHICL!: CLASS NUMtI!:R ---._--.----_. I 2 J II '5 0 7 II 4 I .., 

GE'>IE~ATION PERCE"T U~ VEHICL~S ------_. 11.'5 1".1 J I • I n.b I." ., .., I • ., ".'1 2.'1 
PERU.N1 OF TRAFFIC ENTERING ON LAN~ I - '5J." (M~DIAN LANE) 
PERCENT OF TRAFFIC I:'HER I NG ON LANE 2 · IIb.b (C IJkB LAN!:.) 

APPROACH NI)MAER ._--------------------. 1 
UUTtiOUND APPROAC'" NLJMtlER ---.--- ... " II b II 1'" 12 

PERCENT GOING TO OUTf'OlIND APP~OACHf:S .. 115.'1 11.5 1 I • 7 11 .'1 '1.'1 
VEJo<ICLE CLASS NUMb~R ------.------. 1 2 1 II 5 b 1 6 'I II' 

GENE~ATIn .. PERCENT OF VEH!CLtS -------. lb.? 18.1 11.5 Il. ~ \!I 01 k1 .., .' '" PERCENT OF TRAFF IC E"TERtNG ON LAN!: I · 118.b (MEPIAN LANE) 
PEwCENT nF TRAFFIC ENTERING ON LANE 2 - '51." (CURB LAlliE) 

APPROACJo< NU"'RER ----------------.---.-. q 
OuTAOUND APP~OAC'" NUMBER .-------.. 2 I< b 8 II'! 12 

pEwCtNT !>OING TO OUTHUUNO APPROACHES -. 8.b 112.2 11. 0 I 1 .2 <I b.q 
VEHICLE CLASS "'UMBER --_.---.-----. 1 2 1 II 5 b 1 II 'I 1~ 

GENERATtON PERCENT OF VEHICLES -------. 1'1.0 lb.2 31.'1 B.b il I .1 10 1 .1 .., .'1 
PERCENT OF TRAFFIC ENTERING ON LANE I - 52.b (MEDIAN LANE! 
PEwCENT OF TRAFFIC E"TEIIING ON LANE 2 - 117.11 (CURB LANE.) 
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PAGE 0 

.**** Sl( PUINTS INTERSECTIO~ (12 APPROACHfS ~ITH 2 L~NE8) 

APp~(l.rH Nu"t;EI< --._ ................... 11 
OUTrlI)U ... D APPkUACH NUMBER ---....... 2 II 0 ~ 1111 1.1 

PfliCENT GOI'lG TO OUTBOUND APPROACHES .. b.~ '1.11 112.~ 18.1! 25." fcl 
.. EHICLE CLASS NU"8ER ._ .. _-... -._.- 1 2 3 II 5 b 7 tj q I" 

r,F.NERATION PERCENT OF VEHICLES ........ lQ.0 36.0 "11.'" 17. II! \II ill i<l .. " 2.'" 
"fReENT OF t .... FFIC ENTERJNG ON lANE 1 . 57.1! (M[DUt. L.N~) 
1>E."Cf:.NT OF HUFFlC ENTERING ON LAlliE " . 113.0 (CURR LAN!:) 

D"IYER CLASS SPLIT STATISTICS 
---------.-------------_.--.. 
,ll( 1 .. EI< CLASS ~uMaEM -.--.--_._-------•• 2 3 

"EHICLf CLASS NUMtiER 1 125 IIf:.H) 3"'.11 112.11 27,2 
HHIClE CLASS NUMflER " 220 .. Eli) .--.- 31.b ]Q.I 27.3 
IIf:.MICLE CLASS NUMtiER 3 202 IIEIi) 21.3 35.0 III • I 
IIflilClE CLASS IIIUMB[1oI II 8l IIEH) 27.7 118.2 211.1 
"E"'ICU CLASS NIJMISER 5 1 .. EH) 1<1 ~J Ill."", 
1I1:>iICLf. CLASS NUMBEI! b 3 "EH) 11110,,,, 11:1 ., 
VEHICLE. CLASS NUMBEI! 7 0 vEH) II! iO 0 
Vfo.HJCU. CLASS NUMBER e 3 IIEH) bo.7 .., H.] 
VEHICLE CLASS NU" tiE 101 q II "EH) 25.0 25.,", 511:1. ill 
IIf:.HICU: CLASS NUM8ER 1111 11/1 .. EH) 50.0 50." ill 



• •••• *. PRINT OF FILE SIXSIM • ~l M4" 78 • 15.u2.5&, PlGE **.*.** 

123 U 5 6 7 8 
ll345b7A9~123U5678q0123115b789All3~567890123Q5b789012345678901234567890123U5&7890 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1 < ••••• 9~ SECOND PRE-TIMED SIGNAL wIT~ 30/40/30 SPLIT ***** 
2 c2. 1il 0 10.1110 1.1i!0 10 30 ~.800 0,800 4~A0 5 NO VE! NO NO 1.50 2.50 
3 c~511551155115511~5115511 
II < b 
5 .c 1 2HG AG AR lR lR AR AG lG AA lR lR lR 
b c 1 lUI AA Ai AA 
., c 2 32lR AF! AG AG AR AR lG AG 
e c 2 u Ai AA U AA 
9 c :5 23 AR AR AG lG AR lR AG AG 

1'" c 3 II Ai U Al Ai 
YYVYYYYYVYVYYYYVVVYYYVYYYVYVVYVVVVVYVVVVVYVVVVVVVYVYVVVVVVVVVVVVyyyyyyyyyyyyyyyy 

1 ~ 3 II 5 & 7 8 
1~:5U5b"A90123115b.,e901~3115b78q012345618q012345b78q0123US67890123U5&789R1234567890 

,. ,. 
,. 
,. ,. ,. 
,. ,. 
» ,. 

1 
2 
3 
~ 

5 
6 ., 
8 
9 

10 

w 
U1 

'+:'-



.., ,"
,. 

.. " 4 
a. 

"-C
 4 

-
' 

;;) 
.. '" ... ... .. a ... '" .. ,. '" ... .., ;x

 
t-a c IL

 

.. 0 '" v. .., u i a. 

" ;: 4 -
' 

i " ... o '" '" z .. '" r ... 

... z.
 

-. 
.. 

« 
a. 

« 
• 

« 

'" ;x u 
.. · · · · · -' 

a. 
., " .... "-'" '" " S '" X

 
.. i -
' 

.. Z
 

0
: 

CO 
... • ... • "" a a. 

c Z
 

C
 

u 
.. ., '" · · · . . « 

'" ... " 4 .... '" 1: 
... '" \oJ :t: 

a
u

 
c 

.. 
"'''' 
.,,,. 
,,-a

. 
u

a
. 

ee .. 
.. "'" 

>
 

or. 
c 

.. 
" 

z 
... -C

 
..:a

. 

... '" 

-. ... a. 
« 

• 
« 

c :t 
u ~
 

II'> 

II'> 

'" '" II'> 

II'> 

II'> 

"' iI' 

II'> 

II'> 

'" '" ... z .. '" '" ... X
 

... a c: 
.. -' 
c .. ... z c u 

'" " < 

'" 2 ... ... 
c 

to 
c. ... 

Z
 

.... " 
:;, 

.. 
0 

Z
 

... 
2

0
 

.. 
0 

z 
"'IX 

o 
"':::>

 
... 

=
t .

.
 

'" 
... 

U
 

t-
.., 

t
-
x

 
... 

... ... 
a

: 
... -..J'"

 
a

c
. 

0 
... 

x
x
 

-..... 
... ... 

...J
C

l2
 

C
=

-
t
!
)
 

"
1

 
z
a

v
._

 
=

 ... 
In

 ..J
-
J
..J

 
c
.z

c
 ...... 

IE
'O

...J
G

. 
Z

2
Z

 
"
'
U
~
'
C
"
~
~
 

;:)
z
_

 .... _
_

_
 

c::.>
.,.,.,.., 

• • " • •• • 
_

N
J
'I:::fV

\.o
,... 

... a .. x .. -' 
a. 

oo 
.. 

C
> 

"''''' 
"'4

 
IL

IZ
 

U
C

 
0

_
 

O
O

'" 
a. o 
z
'"

 
~
x
 

..... 
.. . .... 
~
 

=
::r 

X
I>

 

-'"'C
 Z

 
X

C
 

O
U

 
OO ... 
I
L

'"
 

"' .. -'''' 
... - ... ... c.

 
. ... . z 
• 

_. .. ... o 
o I U

 
.... 

"' .. -
• 

• 
• • • • • • • • · '" I 

0 

• 
2 

• 
0 

• 
u 

• 
\oJ 

· '" • • 
· '" 
I 

:0. 

· .-· .... • • • 
• z 

• 
• c 
· .­· ... .~~ "''''' 
-i&

..:: 
"' ... >­
.... =

t
_

 
... ,,'" 
::>

­
,,'" .. 
_

_
 0 

x 
... 

-,., " ... 
... _

2
 

"' ...... >­
"
2

"
,
 

e
n

 
I
>

_
U

 
:::> ... z 
... -....... .. :::>1> 

~
!
~
 

.,"'.., 

'" s .; 

~
 

~
 

a. 
c ... " ... .. .. '" '" '" - .. ... z ... ~

 

... '" .. .. .... ... ... c 4 
... c ... • ... o.. 

.., z '" II: " C IL
 

'" .. ... ;:; 

~
 

i " .. • 

a 
'-

'4
 

4 
...... 

.. 
.., ... 

.. 
..... 

.. 
.
.
,
4

"
 

.. .... .. 
.. 

~
 .... 

.. ...... 
"' .... 
4 

.
.
.
.
.
 

.., ..... 
....... 
.. 

..... 
4 

.... 
.. 

..... 
.. 

.. .. 
.. 

~
:
:
 

.. n 
..... a 

... .. .... 
..... oo 
.. .... 
... .. '" 
...... 
"
"
;
:
r
"
,
:
»
,
,
,
,
~
 

N
 

.., 
'" 

• • • • • • 
W

K
.· ... ~

 
I.U

\L
 

:.!!!!.:. 
...................... 
__ ",,,,fI"'I,,, 
-..auw

 tr,..1, .. U
&

J 
.,.,.,.,.,. 
.............. 
X

:r
X

X
1

%
 

" a. a. 
a
,c

, a. 
_

"
'
 .... 

':3
 "

h
e
 

>
>

-
>

>
>

>
 

~
a
:
a
:
a
a
c
r
 

.................... 
z " " z 

z
z
 

w
.
.
~
'
 u..la.t 

IL
lIu

 

"' .. '" 
..... '" 
...... 
........ 
'" .. " .. 
· .. 

'" .. 
.. . • • 
I • • • • • • • • • • • • • • • • • • • • • 
.. . c 

• 

IS
 

" " 

'" . " 
.. 

" 
... =

-' 
-'x

 .. 
z
z
:
!
 

:;:e
-<

:. 

--­ ........ 
...... 
Q

oa 
..,"' ... 
f.»

t.:/C
' 

Z
 

" 
Z

 
---It J :to 
C

:
C

C
 

-
' -

'
­

C
C

'C
 

....... 
...... 
.... 

~
 

U
<

.>
L

 

• • 
• • 
• • 
• • o 
'" ..." 
z
u

 
..... 
:1

<
0

 
1oJ'" 
>

Q
. 

O
Q

. 
"
, .. U
P

 
Z

 
:z 

-::>
 

:z
c
 

"Ir 
::>

z
 

...-,..,.. 
"' .. Q

C
 

ILl'" 
...... 
Z

2
 

"
,o

r 
IL

 .. 

"'''' 
U

<
: 

... ... 
"'''' 
.... .... ..... 
",.., 

o Z
 • ., u 

- ... '" ~ ... .. ... '" ... c !::: 
ii: 
.. ::J 

'" C
 

.... Z
 

u ~
 

a: 

o " • .... w
 

o '" x ;z 
c ., .. '" .. '" c ... ::> 
-' 
-' 
c .. .. c .. ... Q

. 
.. .. '" .. a :It 

C
 

IoJ 

" - ... o 
... II: 
Q

. 
.... """ .. 
-'" 

"" 

• • 

a e
ll: 

IL
O

 
... 

.. .... c 
.. 

'" 
.... x ... 
-
1

 
... -.. c .. c: 
"' .. -' -' .. .... c ... ... " c <.> 

'­... K
. 

.. .. IX
 

.. z C
 

.. u 
.. ."

 
.. ... ... 2 
... 

355 



· · 
... . 
'" 

'«
 

.. . 
l<

 
.., .. ... z o ... ... .. .... ::> 
r -'" u 
... ... ... .. .. ... '" .. '" '" ... ... y a: 
o .. .. e ., ., '" u c; 
IE

 
.. Z

 
C

 

... .. .... :J
 

1 - .... ... '" '" "" , ... .. , '" '" :x 
... ~
 
~
 

.. z '" ... '" C
­

o. 
.. ... • '" .. .. " ~ u ... ... .. " · 

'" . 

'" '" .. " U .. ... Z
 

o 
::: .. ~
 

i - ., U
 

... ... .. .. .., .. '" ... ... .. o ... .. o .., .. '" U Q
 

.. ... " C - ... .. .... ::l 
>

: 

« « « 

· « 

· « « 

... .... ... .. .. ..., .... '" <II , .. .... l: 

:: ~ .... .. Z
 

'" ;; " ... 1 

- ... • ... .. ... C
 

'" C U
 

'" '" CO 
.. « 
« « 
« « 

J: 
U

 
.. C

 

" .. .. .. c. z C
 

'" ;;: '" " .. '" .., ... ... .., ~ ... .. ... or. 

'" u .. " '" Q. ... .. c z ::> 
o II)

 
z .. c ... ., u ... .., ... ... ... ... '" ,... .. .. .. >: 
::> 

'" 

... ~
 

... ... .. .... .. 
to

 
_
f
I
O
"
l
~
 

· ... 
&

0
"
,
_

«
>

 

~=O>""lI\ 
... • ••• 

,. 
.... ...... 

'" 
....... 

l: 
I 

... C
l 

.... 

• 
C

 
... 

· 
.... 

l
.
,
J
e
 

...J 
....... 

.... 
• ... c: 

• ,. 
Ie:;. ........ 

... 
.. 

C
_

 ... 
4

n
U

:Z
 
.
,
 

.c
Z

-
C

4
t.. 

Z
-
c
t
Z

U
 

O
a

:
a

:
C

4
 

u
a
: =-

f..I 
IX­

"
"
;:'U

,,,"
,lt,I 

"
U

.2
.,>

 
• 

Z
 
_

_
 .. 

"'... 
, 

..J 
en,..,.. 

U
."

....,C
4

 
_ 

.... ..J....J..J 

X
 

-J
 t..> ... " 

... 
.... u

_
C

c
: 

>
_

:t 
w

%
 ... 

"
,
>

 
.. >

 
.. 

... 
....... 

0 
... C

 
c:-

.... 
lU

 ... 
.
2
~
U
 

..,JfoLI .... 
C

C
 

C
C

b
U

"
. 

... :l. 
Q

 
....... 

C
=

-
.... » 

"
'Z

Q
,
C

C
 

... Z
 

'" ... a: 

'" ... 
:Q

 .S ..... 
· .. . 

11\ .
.
.
.
.
.
 . 

;r .
.
.
.
.
.
.
 ... 

N
 

.. •••• 
• • • • • • • , • • 

... 
,... ... 
"
...J

I
 ... 

....J ...... 
%

 
"
,
"
,
0

1
_

 
t c 

r ... 
· ..... 
• 

.
,
J
"
 

• 
-
' 

............. 
..... 0

. :> 
• c 

..... c 
... 

'" 
_ 

tS
_

 ... 

1ill1i(.!) 2.., 
O

Z
_

C
w

 
Z

_
c
t
Z

U
 

C
C

ltc
r
c
c
 

U
II: 

::::-U
Q

.' 
w

:::;u
 ........ 

."
u

;z
. c

:>
 

• z 
_ .... c 

"'... 
.... 

..J 
410>

,... 
u

«
J
"
,
c
c
 

_
W

...J
...J

...J
 

1
...1

U
"
"
"
"
 

w
u

_
o

c
 

>
 ... %

 
-
X

 ... ..J -
' 

a
u

::»
c
.,. 

)0» 
........ 

C
 

.... 
C

O
 

..I'lL
 C

 
....... 

",e
 

Q
 

...... nw
 

f
lZ

(
!
!
C

lt 
.J

S
I.IIL

i""",, 
c
c
t:u

c
tC

 
... X

C
l ...... 

C
':,:lw

>
 >

 
.... 2

"
 
C

C
 

... z .... ... '" '" ... 
IS

 
O

'f\.-:II' 
· ... 

..o
C

'''''Q
;:::t 

N
f
S

 .
.
 "

'''' 
.. -'" • •••• 
•• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

f 
.. , 

..... 
.....J 

..... 
..J .... 

I:J. 
.... ·

0
.
­

e 
.... 

'" . 
""=,.." 
::n

 ........ 
w

:>
.>

 
• =

" .... 
'" 

'" 
"'-

.... 
.u

z
.., 

C
Z

-
C

I
tlJ

 
Z

_
1

I
2

'"
 

o
a
c
t
o

 ... 

~
~
 ~
~
~
.
 

.U
Z

C
I"

»
 

• 
Z

 
-
"
"
' .. 

..... 
, 

..J 
..,,..,.. 

v
.,4

ItJ ...... 
........ .J

.J
.J

 
X

..JU
ItlJ ... 

IIt.I...,-c
c
 

>
 

... .1: 
-
%

 .......... 
"'-1>== 

,..>
 

........ 
... 

.. 
::';::Ii 

..J .... 
c
e
o

 
... e 
o 

............. 
c
t
Z
~
(
!
t
 

.... ..., ......... 
:::H

I'. 
U

U
O

:: 

".d'U
""'" 

::>
::;::;w

>
 >

 
O

Z
Q

,. 
.
.
 c 

... z '" u .. ... ... 
· ..... . 
· .. . 
"'-.... ~

 . 
c 

... «> ... .o 
.. .., • •• 

• 
• • • • • • • • • • · ,.. .,.. .. . ...... ..... '" 
,"'0

 
.0

 
· 

... ... " ... ... 
."

"
;;;) 

-I 
• =

 .... 
W

 
..... :

l
 

>
 

'::;::;0
 

... 

'" 
'" 

"'-.. 
C

U
Z

C
f') 

C
Z

 .... C
W

 
Z

-
c
t
Z

t
,l

 
C

C
k

C
k

C
"
 

U
C

t':;U
C

L
 

.... ::;::;U
...,W

 
• 

U
Z

'IQ
>

 
.z

 _
_

 .. 
...... 

, 
-I 

.,,..,.. 
U

., .......... 
.... ..., 

-1
.."

...1
 

X
 

..J
U

W
.., 

w
u

-
c
c
 

>
"
'%

 
-
:&

: 
.... ' ... w

 
w

>
"
.:);) 

')to
>

 
1.tJllo! 

....... ::>
::t 

-' .... c
o

o
 

... 0 
c 

.... ...,tw
 

C
¥

Z
0

U
 

...... o
d

 ......... 
;;;;'II)U

C
k

E
t 

IL
;lfl1t11oo1tw

 
::Ii :::n", >

 
>

 
o

z
o

.. ...... 

... z .. . ... IE
 

'" ... 
IS

l 
0

' '"
 0

-
· ... 

-«>"""' .... 
5

5
0

''''''''' 
..,-
'" • •••• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
f 

• 

• 
• 

• 
f 

, .. . 
.,.. ... . 
• 

... 
.J

 
• 

r...:. 
1 ..J..., .2: 
I 

.... e._ 
• 

C
I 

..... 
, 

C
; 

• 

1
0

"
"
1

.
J
 

• 
..... 

0.. 
• 

W
 

1 
4

. 
0.. 

1 >
 

• 
Q,. 

0 
1 

.. 
0

'"
 

a: 
-

.... ..,-
.... 

"'., 
.
"
 

C
 
~
O
 .... 

Z
U

Z
Z

U
 

o
Z

 .... o 
.. 

u
_

c
r
u

a
:
 

...,c
te

t...,.,.. 
lII';et:;;-.., >

 
I
~
U
-
'
"
 

IIII.J
...,Z

 
, 

-
I
Z

_
"
,'"

 
u

_
 

..... 
.... 

"
'.J

.J
 

;a:;"...,\iJ..., 
1III.J .... ..J

c
:Q

 
>

 
.... ... 

-
u
~
c
c
 

-
x

 "'n", 
)oo%

...,Q
,.Q

,. 
<

III:"
'>

Q
,.Q

,. 
-
I
>

 
c:; Co 

"" 
a 

........ 
c
a
C

:"
''' 

e 
C

o 
... 

IIII.J ..... 
.... C

k
Z

t,:)O
 

4
.irf,l..., ...... 

Q
,.c

u
c
te

t 
c
s
 • 

..., ... 
.... :::::....,» 
.,;

z
 &

 
...... 

.. z ... ... .. ... ... 
1

5
 

.0
 V

'III511 
. . .. 

.... 
-
1

"
1

 "
"
_

 
:ct 

... .,.,.. .... 

" "" •• 
• 

,.. 
,. .. .. ....... 
....... 

:0: 

~
O
 

:
:
 

to
 

0
'"

 
..... 

",a
. 

'"
 

a.a. 
>

 
...., .. 
g 
.
.
.
.
.
 

_ .... .,_
 .... 

..... 
'" 

C
 

G
O

W
 

Z
U

Z
Z

U
 

Q
;
r
-
c
c
 

U
M

G
tU

G
t 

...,.C
E

IIII.J'" 
"
C

E
::J

c
n

>
 

.::>
U

_
 ... 

tIIoJU
Z

 
..... 

...J
2

'_
"
'>

 
U

_
 

c
c
 

_ 
..,...1

 .... 

z
..C

k
.l...,W

 
W

W
...lC

C
 

>
 

..... V
 

_
u

 .... C
C

 
.... X

W
W

 
"':&

: 
__ Q

.o.. 
...... >

Q
,.&

 
,..I>

 
0

0
 

..., 
"" ........ 

c
a
e
"
"
 

c-
o 

... 
...,W

 
"
"
a
:7

0
C

o
a
 

o..tIJ"" ...... 
o
.
.
w
:
u
~
C
J
 

c:aetlo
l..M

.; 
.... ::IiW

>
 >

 
.,2

'4
. ... 

4
1

 

.. z ... ... ... ... ... 
$

: 
,
.
.
.
.
.
"
.
 

C
C

5
0

t
r
\
."

, 
,
c
_

.
4

1
.
6

 
... -... · .... 
I 

1 
I 

I 
1 

%
 

1 
• 

I 
X

Q
,. 

1 
1 

0.. 
:E

 
1 

lii.oi 

• 
I 

I
:E

 
• 

IS
 

1 
_ 

• 
111 

.
.
 .... 

· .. . 
.1I5I-• ..J 
• -

I.,.. 
• 

• 
1 >

 
• 
.
0

 
I 

... 
0 

.... 
.
.
 

-...J
 .... -

.... 
..,..., . .., 
0

1
1

) 
O

W
 

Z
 

.
Z

U
 

O
l>

-
C

O
 .. 

u
C

..J
U

c
t 

... ..JW
fIU

..., 
.,IIt.Io

.,>
 

.0
 

.... 
'" 

, 
..J

U
Z

1
X

 
u

Z
_

&
&

 
-

.... r
t
:
I
X

 
1 

.
.
 .. 

.... 1
r::>

c
:..5

 
>

:;)
U

 
.... 

-
U

Z
S

"
\'S

. 
Z

 _
_

 _ 

J
[
-

&
 

.
,
~
.
 

x
.,,,,,c

.o
 

W
..J

..J
-I 

\'S
.-'U

W
.,.. 

•
•
 u 

.... a
:-g

: 
.. _

1
 

_
X

W
l>

-l>
-

W
>

 
...... 

:r:>
 

.J
.J

 
c 

IL
 ........ 

--' .... c
c
c
 

... c. 
« 

.... 
1

6
. ..... 

C
E

Z
t,:)U

 
,.. ... w

c
 .. 

"
'W

U
C

E
Q

:: 
...... z

Q
:...,..., 

...,::li...,> >
 

C
:Z

Q
,.c

 ... 

... 

~
 

z ... u a: 
... ... 

. . .. 
.. ""e-,.... 
..." ............ 
.. " • • • • 

• 
1 

• 
1 

.
.
.
.
 

a.. 
X

 
• 

..., 

'"' 
.1

 
... -

.. ...... 
.
"
,
 . 

a
_

I
"
"
 

.... 
s 

• 
>

 
S

O
l
"
 

0 
.
.
.
.
.
.
 

.J
I
I
I
-
'"

 
.,I

I
J
C

"
 

e
m

 
o

w
 

;it 
>

Z
(
!
l:

 
o
~
 ... c 

... 
U

 
... .JU

C
E

 
... .JW

W
..., 

.,...,0
.,>

 
• 

0 
-

... 
... .. 

, 
-
I
U

Z
X

X
 

u
:Z

-Q
.o

.. 
.... _

C
E

1
X

 
%

 .. IX
 

"
"
,-::>

a
ilS

 
>

::>
U

 
.... 

_
U

Z
G

:1
5

. 
2 

_
_

 _ 

1
_

 
Q,. 

.
o

J
"
 

x
.
,
~
o
o
 

tIIo
J.J.-I-I 

(
5
;
.
.
.
J
u
~
"
"
 

_
\.I ..... it: e 

..... %
 

_
X

ilJ
l>

-l>
-

W
>

 ..... 
.lII>

 
..J

..J
 

C
a
W

.
.
,
 

-
I
a
C

O
O

 
... 0 
I
t
 

... 
W

 
... 

Q
'Z

C
)
t
:
)
 

)
o
o
~
k
J
"
'
'
'
'
 

... 
fIl U

O
: 

C
l 

.J
S

:fl:k
J
W

 
1

k
t.J::Ii-..>

 
>

 
C

Z
A

 
.
.
.
.
 .. ... ...... 

1
1

'\
-
.
&

 
ID

fIII\..Q
 ........ N

 
. .. -...... . 

N
 

-,.,..tf\S
C

i,....,.."
.., 

IW
 

.
.
.
 _

It­
... -. 
.. • • 

•
•
•
 • 

• · 
... 

· 
.% 

• 
c
-

· 
..... 

· 
... 

· 
...... 

· 
.'" 

• 
>

 
· 

"' .. 
· 

.... '" 
• 

u 
... 

• 
-

U
U

 
• 

%
 ............ 

• 
.... c

.
,
.
 

I 
>

 
.... 

, 
...... 

• 
u

u
 

• 
.. .

.
J
,
 

"
"
 .... 

• 
• 

.J
 

., • 
• 

c 
.... 

" 
• 

• 
t
-
t
-

.
J
' 

fa! .
.
.
.
.
.
.
.
.
.
.
 

W
 

,
:
)
0

0
1

 
_

_
 

>
 
_

_
 

0 
• 

c
.,..,C

X
z
: .... 

:or:or 
.. C

C
w

 ...... C
C

_
C

c
 

..... Z
Z

..,_
..., .... X

 
_

_
 

• 
O

O
':';W

:I: 
ct. ...... 

.. U
U

 .... ...I 
.
S

'C
C

 
-
I
C

W
W

U
U

. 
-fa

!Q
: 

.
.
.
.
.
 6

"
)
0

-
_ 

.... .., 
>

.
,
-
o

:
x

-
:
X

:
O

.
.
.
l
.
J
 

"
'"

"
W

 
.. ...,:I:&

w
W

W
 

c
t-'.J

fIU
 

>
 .. :a: .... u

u
 

.... -
U

a
i
l
l
l
l
-
:
l
:
-
&

.U
W

 
:I: .... -

W
 

-
m

c
O

 
.....Z .... -J

C
i 

c:. 
o

...,w
 

u .... C
w

c
S

'a
 

.-
I
>

.-
I
-
., ........ W

::.::. 
C

U
-
...,%

.w
G

. .
.
.
 s: 

...,-
>

w
w

a
.., _

_
 _ 

.
J
1

"
"
"
'>

U
 .
.
.
.
.
 )1

 
_

w
x

.
 

C
 

2
...,c

 .. 
%

>
-

........ 2 
.. 0 

.
.
.
 

• 
.... 

O
a
.C

fW
 

w
 ... 

Sw
 

illS
''''' ... .., 

.J
Q

...J
d

fll -';:1
: 

U
H

"
U

 
u 

.. w
c
..,:a

: 
~
 ......... 

-C
E

>
a
:C

;) .... U
.a

r
:. 

z .... c .... lE
.-I .... W

W
..,;. 

k
.l>

a
::>

:::::c
_

a
:>

:»
 

>
c
. ..... z

>
 ... .-;c

 ... c 

•• 
• 

••••• 
• · . 

"" . 
• 

• 
to

 .
.
.
 

1 
• 

c
-

1 
• 

I 
w

 .... 
1 

• 
I 

W
 

1 
• 

I 
&

.-
1

' 
· . ., "" . 
• 

• 
>

 
· . .... .. 
• 

• 
.J~ 

1 
• 

u 
.... 

· . 
~
 

• 
• 

1 
.... 

• 
• 

....c 
, 

•
•
 >

 
... 

t 
•
•
 

• 
•
•
 .J

 ...... 
• 

1
'-

1
 

• 
1 

...... 
, .-

., 
I
.
J
I
 

.
.
.
.
.
.
 -

,.... 
1

:
l
0

0
 

• >
 _

_
 

C
I 

u
u

 
.... ... 
.. ., ........ 
u

u
 

"' ... 
'" ., 
" ...... 
...... 
--

, 
... ..,..,c

:J
:;z

 .... 
%

2
 

,Q
:0

4
!l: ........... c

-
C

o
 

, .... :z
:z

., .. W
 ... 

~
 .... _ 

• 
C

O
_

k
J
1

: 
a ... ... 

.... U
U

I
I
J
-
I
 

.x
 .... . 

.
.
.
J
O
~
W
C
o
I
u
 *' 

-
c
t
 
~
 

W
 

"
,
"
'C

_
 

k
J..., 

>
.,,-

a
::X

_
::r

::O
.J

-
I
 

...... "" 
a...,:1: .. ...,w..., 

G
t-

l-
'U

J
 

>
G

.. ...... U
U

 
~
_
u
s
:
t
J
I
!
)
_
l
l
_
G
.
.
U
 ... 

2
: _

_
 W

 
-

m
C

o
. 

.
.
.
.
I
:
J
:
~
.
J
C
 

0 
O

llJ
fo

I., 
U

W
o

.W
C

1
[
:E

 
...I>

....J .... .
,
 ...... ...,:::a;:) 

.,U
-W

%
iIO

la
,Io

..lZ
l[S

: 
........ 

>
llIt.IllU

a
O

l-
.... -

.
.
.
.
i
~
t
L
I
 

... >
u

.
,
 

"
')1

()1
1

 
_

1
&

1
1

. 
0 

Z
k
J
"
'''' 

x 
>

_
 ....... G

tZ
"
'C

1
. .. 

• 
.... 

o
a
 <111:'" 

~
 ... 

~
 

a
2

: 
... IlIt.I .

.
 , 

.J
d

-
lU

lZ
k

J
S

 
(!)U

d
 

U
"
'''-

i'' ...... 
~
.
.
.
r
:
c
 

c 
-.->

 C
Z

'a::.:::H
",U

C
lQ

: 
0

. 
~
W
"
"
-
i
:
:
I
L
.
J
1
"
'
'
'
'
'
I
I
l
U
'
'
'
'
 

1
o
I
.
I
>
1
t
.
>
~
C
_
G
.
.
»
>
 

><111: ....... 2
>

 ... .,<111: 
...... 

.o
N

_
a

 
. .... . 

JIfl'\ .... "
"
C

 
tIH

I ...... 

• ••• 
• • 
, . • • 
• • 
• · ~ . ... .0 • 

Z
 

• 
0 

.... 
• 

IIJ 
.-. on w 

--C 
."

Z
:r. 

o
o

o
a
 

Z
Z

(
.J

X
 

0
0

 .... 
U

U
.U

S
 

...,W
-.• 

"'''' .. 
_ .......... 

.. 
,.. 

• 
..J

S
 

"
'C

-.;o
 

.-1
.-1

0
 .... 

...... 
'" 

C
O

Q
I
I
)
 

'" 
.J

"
"
a
 ,.. 

C
;;;;::)L

 
... 

.-
.... C

.-l 
O

::::t .... .., 
t-D

6
"
)O

 

W
W
~
W
 

U
U

(!)U
 

... C
 
.. C

 
C

EC
E •

•
 

tIIoJ .... ...,tIw
 

»
»

 
........ c. 

.J.J.....l.-l 
.J...J.-I...I 
"
'C

 ... c. 
a
r:a

r:c
r. 

........... W
 

»
»

 
c
o

c
c
 

N
N

"''''' 
..... 

C
I.., .... 

1Ift 
\l'\1

Ift."
"
 

• • • • 
• • 
• • 
• • 
• • 
• .­. ... '0

 
• 

Z
 

.0
 

. ... 
. ... .~., ., -

-_0 
_

.,Z
:a

: 
c
c
o

a
 

Z
 

2 
U

l
 

0
0

'"
 

U
u

"
 • 

W
W

-
• 

..... 
'" 

...... _,.. ... 
.. 

.. >
.....l:. 

...... ¥
J
C

 
-
J
.J

C
..J

 
...... 

... 
C

O
c
.m

 
... 

...JW
G

..>
 

"'.:;:iA
. 

.. 
"
'W

O
-
J
 

O
:)

 .... 
IIJ 

"
'0

"
'0

 

... W
W

IlU
 

(
b

U
a

'"
 

........... 
~
C
l
C
l
C
E
 

w
w

"'l&
1

 
»

»
 

..... c...r: 

.." -I ....J ...J 
-I...J...J_

 
............ 
C

l.B
e
t' 

b
.M

.Ia
tw

 
»

»
 

C
C

C
C

 .. "'­
. .. 
:::: 

• 
• 

z a: ::> 
... ... .. .... .... 

z 
.. 

... 
o 

:::> 
... 

'" ....... 
::>

2
:%

 
... "' .. 
...... 

:::> .... 
a: 

.. .... .. 
.. 

'" 
Z

 ... Z
 

"
'Z

_
 

"
'''x

 
"
0

 .. 

%
 
"
''"

' 

"'''ID
 

...... '" 
............ 
~!:::: 
%

%
%

 

"' ... '" 
»

>
 

......... 
o

e
o

 
........ 
Z

Z
Z

 

"'''' ... 
.... V

U
 

"' .. '" 
"' ... '" 
...... 

..... -• • 
0 

... --"' .. 
••• 

• • 
:z 

, 
• 

.. .. ::>
, 

• 

.... : :' 
• • 

..... 
..... 
.... .. • • 

• • 
Z

 
..... 
0

.:::>
 

· ... 
Z

 
........ 
~
:
a
:
%
 

... "' ... 
. ... ... 
:::> .. .. 

a: 
....... 

., 
'" 

'" 
""''' 
... Z

_
 

1
<

"
'1

<
 

.
.
C

 .
.
 

"'<.:>:a: 
"' .... 
"''''''' 
............ 
~
~
~
 

2
:%

2
: 

"' ...... 
»

>
 

......... 
o

e
o

 
........ 
Z

Z
Z

 
...... '" 
V

V
V

 
.... a: 
......... 
.. a. ... · . ,.'" 

.... 0
:;0

: 

.... o 
• 

"'I" • N
 

"' 
.... 

Z
 

Z
 

.. .. ........ 
"' .. OC ...... 
.1

:1
 

...... 
"'''' 
Z

:O
 

... '" 
........ 
... '" 
:>:::> 

"'''' 
::!::>

 
e
e
 

"' ... 
"' .. 
.... .. '" ... '" 
» 
.... 

..... • • 
.... .. .. lI:lI: 

.. .. o 
• 

"'N
 

• N
 

...... 
Z

Z
 

.... ........ 
.... 0

0
 

...... 
1

J
[
 

...... 
... '" 
Z

Z
 

...... 
......... 
... ... 
:::,," 
...... 
:::>

=
 

0
0

 

...... 
"' ... 
.. .. .. '" 
.... '" 
» 
.... .. ... • ... Z

 

'"' ... .. '"' ... o 
... '"' .. .. o '" .. -'" ... o .... o ... '" .. .. Z

 

- ... o .... ... C
 

... ~
 

.. ... >
 .. . 

"' ... ... 

• • 
• • 
• • 
• • 
• • 
• f-. ... • 

Z
 

.'" 
I
V

 
.a

: 
.... .... .­• ." .'" . ... .... .'" • .e .'" , .. .­.", · ... , 

0 

· , .0 '" 
..'" 
.,a. 
0 

.
.
 

.. "
Z

 
...... 
.... '" 
.... e 
0 

.... 
V

 ... 
... '" 
o ... 
0

: .
.
 

"' .. .... " ... 
:::» 
z .. 



« « 
... 

« 
"
.
 

« 
.. 

« 

" u .. ... z C
 

- ~
 

.. .... :::> 
.. - ... ~
 

O
t 

... .. " ... ... .... x .. .. c;;: 
.. ~ ., .
"
 

.. .., o 

'" .. :it 
o - ... .. ..J 
:::> 
X

 - .... ... '" .. ... "­... '" "-'" ... " ... -" ..J 
.. '" '" ... ., o 

'" :c ... ... • '" '" a. c. 
2 c U

 
w

 
., '" .. « 

'"
 

« 

... " .. '" '.; .. z c :: .. .... i ~
 

'" ~
 

.. ... .. .. '" .. " ~ ... :1 
... IX

 

'" ... a: 
~
 

'" ... u c .. ... " c; 

« « « 

« .. « 
« « c ... '" - ... • w.; .. ... C

 
Z

 
C

 
U

 
l>

­
e '" " « « 

· · · " .., .. C
 

a: 
... ... '" IX

 
c;;: 
... .. u .. ., - .. .. ... ". .. " ... ,. 1 
::> 
.. IX

 
o ... '" \J .. '" - ... .. ... .. .. '" .. .I. 

! en 

... Z
 

W
 

... .. '" 0. 
....... 

· ... 
::;t 

"
'
.
,
 11\ ... 

l"H
I) 0

' ::;t.o
 

... ... · .... 
• • • • • • • • • • · .. ... 4 · ..... '..J"-' .... 0 · ., • 

..J 

.... '" - ... 
....J

O
!.I 

...J 
I 

.. t
-

.... 
.... (;,) 

>
 

I
e
 .
.
.
.
 

... 
a 

f.! 
......... 

1
f)U

!2
tr'J

 
0

2
_

 C
i&

.l 
z
_

a
z
U

l 
c
c
r
O

:0
4

1
 

&
.Icr 

=
.lU

G
: 

... ~
t
.
.
J
M
.
l
'
"
 

4
l'>

u
z
tr.>

 
.2

 _
_

 ... 
"'... 

"­
..J 

lin,.. ... 
U

1
"
)
1

L
I
4

"
,
 

....... 
_

..J
..J

 
~
.
.
J
U
"
"
\
I
,
I
 

M
o

O
U

_
C

g
 

>
_

1
 

"""::I:l.I.I..J
..J

 
.... >

c
<

 
>

->
 

........ 
C

 
I.t.C

C
 

......... 
c 

....... 
.. ·c

 
C

: 
.... Mot"" 

1
:
E
.
2
~
U
 

-'&
.lJ

I.t. 
...... 

c
4

i 
v
c
t
 
0

: 
.... 

..:E
ll:a

&
J1

IIJ 
0

::;)1
.1

.1
»

 
.... z

Q
,c

c
 

.. z ... u '" ... II. 

0
' 

fW
"
"
'P

\ 

1
S

:::t 
IS

 0
"
"
"
 

"
"
,,...&

..0
..0

 

'" · ..... • • • • • • • · • • 
... 

.
.
.
.
 
4

: 
• 

.
C

-
l
 
..... 

• 
..J U

J
 

• 
1 

• w
e

 
I
_

 
,e 

.. ... 
· .... . 
• 

...J 
'"

 
t 

_ 
........ t

.
 

.... c 
t
>

 
• c 

.... 
O

Il 
... 

.. 
,
,
~
 ... 

4
n

f.!l 
Z

 
It)

 

o
z
_

c
 .... 

2
_

0
:
2

"
,
 

O
I
X

I
X

C
C

 
u

a
::>

u
c
t 

.,;:lu
 ....... 

.,u
z
'"

>
 

1
:Z

 _
_

 '"
 

"'-
"­

...J 
at"'''' 

U
C

lW
o

l 
...... 

_
1
o
l
.
!
~
.
.
J
.
.
.
J
 

X
-
I
U

lo
tJ

iL
I
 

.... 
~
_
o
c
:
.
 

>
_

x
 

~
x
.
r
.
,
.
.
.
 ..... ..J 

..... >
 

... 
4

1
 

,..>
 

.... .... 
..... 

w. 
0

0
 

....Iw. 
c 

....... 
w

e. 
e 

.. 
IiL

lIoIJ 
a
:
2

U
1

U
 

-
I
 ............ c 

... 
~
 

...... lk
.c

r 
.... ::rtt ....... 
c.. 

::'H
..I.,l >

 >
 

.... 
2

0
. 

...... 

... Z
 

\oJ 
U

 
.. .... 0

. 

15 .p.o­
· ... 

_
:o

f ·c
n

f\Q
 

..... m
u

..o
 

.... ... • 
•
•
 n 

_ 

• , , I • • I • I I 
.. . 

.,.. .... 
I
c
..J

,-
.. 

• 
•• H

 .. ,! 
• 

:I­
..... 0 

..... 

• 
0 

I 
l
­

· ... , 
I 

lot.; => 
1 

-1
 

,:;:'1
6

.1
1

"
"
 

• 
I.l..:;) 

• 
>

 
I:::JD

 
1 

e 
.. 

.. 
"
'
~
 .. 

."
U

lZ
.,-, 

O
Z

_
O

 ..... 
,
z
-
G

'Z
'"

 
o

a
e
J
"
Q

e
 

u
a
:;)

u
Q

: 
fIII.I:::U

...,..., 
.
"
u

z
.
,
,
>

 
• 

2
_

 .... c 
..... 

.... 
...J 

"
>

-]0
-

u
"
'"

"
,c

c
 

_fIII.I...J...J...J 
X

...JU
ll.lflll.l 

I
u

U
_

C
O

 
>

-
%

 
_

:r ............ fIII.I 
...... >

:::;:, 
2

0
->

 
ItlJItlJ 

C
 

.... 
:;:.:;:. 

...J ... c
o

. a 
.... C

 
o 

"
'Iw

&
t 

c
t4

tU
lO

 
Il.lIa

o
"
"
C

C
 

:"
J
II:U

G
'G

' 
.... z. ..... : .... 
:::J::;' ... >

 
>

 
(
3

2
G

.C
C

 

... :z 
... u 
a: 
... A

 

... 
,
.
.
~
 

•
•
•
•
•
 

• • • • • o • • • • 
.. , 

• 
>-
•
•
 

'.
-
J
.
k

J
 

• 
...J t&.i 

• .z 
.
\
l
.
I
C

.
­

t
o

 
.... 

o 
"
'.

 
• 

fA
.:;' 

, 
..J 

,
:
k

J
.
k

J
 

• 
\l.I:::>

 
• 

.> 
• 

::: (3
 

• 
e 

c 
'" 

,
,
~
 ... 

«
)
U

2
«

J
 

0
2

:
_

C
 .... 

2
:_

0
: 2

U
 

Q
c
tC

l:C
 • 

u
c
t
~
U
C
k
 

k
J:;:'U

 ... iIIJ 
.,-,u

z
.,,>

 
1

2
_

 .
.
.
.
.
 

"'.. 
"­

...J 
..,>

-2
0

-
u

..,IIIJ
 •
•
 

_
k

J...J...J...J 
:a: 

..J
u

t&
.!\l.I 

I
I
I
-
U

-
C

C
 

>
 .. " 

.... x .......... 
11.1 

"
"
'
>
=
~
 

2
0

->
 

U
JII.. 

C
 

.... ::=
 

...J .... C
C

'C
 

\o
J
C

 
C

 
.... 

Iw
 ItlJ 

B
-
2

,
,
"
,
"
 

... "
"
w

e
c
 

~
I
l
l
U
Q
:
c
t
 

.... z
Q

:w
.; ... 

=
 ::;H

I.':'>
 >

 
C

'2
Q

..C
 

... Z
 

... U
 

'" ... .. 
~
 

~
.
~
-
:
 

U
"':::t.o

cc.:::t 
"
, ... 

C
)
~
W
l
 

.., '" . . .. ..... ... ..J 
... 

-
,W

 
1 

w
e
 

.. 
o 

... 
o 

0 
.
.
.
.
.
.
.
 

a..lC
L 

16.1 
.. A

 
>

 
.
.
 

0 
... 

O
~
 

.. 
... 

«
J
 

_ 
... 

"
I
I
l
 

.
,
 

C
 

~
c
.
.
,
 

2
t.!:1

Z
Z

'"
 

O
Z

_
O

c
 

u
_

c
r
u

e
a
: 

' ... H
I: eJ" 

......... 
.
,
o
:
:
~
.
,
>
 

I
:::J

U
_

c 
II.IU

7
 ....... 

...JZ
_

>
-2

0
-

u
_

 
c
c
 

_ 
"...J...J 

X
"liIJfIII.IfIII.I 

1tlJ1iIJ...JII:.O
 

>
..J

U
 

"
u

-
O

O
 

_
X

ll.lfIII.I 
>

-Z
'u

.:G
.Q

. 
C

fIII.I>
n

.C
L

 
...J>

 
t:O

 
11.1 

k
., 

....... 
0 

... 
C

 
.
:
.
"
 

o 
C

 
... 

1
w

1
lJ 

"
'0

::2
C

J
'"

 
Q

.IilJ
W

C
C

 
Q

.C
lJu

«
O

:: 
O

X
ct&

W
flll.l 

... ::l .... 
» 

"
'2

A
.
C

C
 

.. :z 
... u 

'" ... II. 

G
) 

"
',

.
.
­

· ... 
""f\l,.."'N

 
.
.
.
.
 O

-U
"'tJ'\ 

'" ... 
• 

If 
II 

• 

• • I • • • • • 
.. . 

..... 
.
-
!
I
I
I
J
 

...J
w

'%
 

.. e
'_

 
c 

.... 
f 

C
 

• 
.
0

w
 

• 
...J 

'"
-
'0

. 
''''' 

• 
0

. 
Q

. 
• 

>
 

• 
0

. 
g 
I
.
 

0
'"

 
.. 

-
... .,,-... 

"'., .. 
c 

,,:C
,,"

, 
2

C
J
Z

2
C

J
 

c
z
_

c
c
 

u
_

c
r
u

o
:
:
 

.... c
rlr\l.lk

J
 

..,o
:::::-C

>
 

I
:
:
:
J
U

-
c
 

W
U

,Z
 

...... 
...JZ

 .... 
>

-,.. 
u 

_ 
C

 
C

 

..... 
q

)...J-! 
:J;..,t&

.iw
 ... 

fA
.k

J
_

C
O

 
>

 
.... u 

-
u

_
e
o

 
-.x

t&
.i ...... 

2
o

-%
liJo

.Q
. 

C
M

.I>
o

.Q
. 

...J>
 

c
o

 
\L

I 
.
.
.
.
.
.
.
.
.
.
 

C
i
L

C
"
"
 

C
 

C
. 

too 
.......... 

' ... "::1: :z 
U

I C
J 

n. 
"'" w

..'. 
C

 
G

.a
:"

U
c
tc

t 
C
1
~
"
"
'
'
'
'
'
 

t
o
o
:
:
:
J
~
»
 

1
I
n

:i:n
..c

 

... :z 
w

 
... a
t 

... .. 
6 

O
'-

e
"
, 

· .. . 
.... 0

' _ 
... .

.
 

-
.... O

":;t..o
 

... ... • ••• 
o 

• 
" . 

%
 
0

. 
• 

IL
:r: 

I 
\U

 

,. .'" 
... -

•
•
 I 

.... 
..... 

f
S

i-
'...J

 
I
w

 
., 

• >
 

]I: 
0 

• 
C

 

0
.... 

'"
 

-,w
_

 ... 
.., ..... 111.., 
o

m
 

c 
..... 

z 
>

-
z
o

 
C

2
0

-C
O

C
 

U
C

-
'U

c
t
 

lI.I...Jk.I ..... 1I.I 
."

 ..... 0
"
"
>

 

• 
0 

... 
" 

"­
...J

U
Z

X
X

 
U

Z
_

G
.C

L
 

_
_

 e
a
:1

X
 

"
a

a
 

..... ea::::J5I1!,; 
>

 
~
u
,
·
 

.... u
Z

S
l5

I
 

z _
_

 _ 

z
_

 
G. 

•
•
•
 

2
"C

lfIII.IO
O

 
1

iIJ-'...J...J 
&

...J
u

 ... 11.1 
. ·

u
 .... lI): .

.
 

.. -
%

 
_

%
."

"
>

-2
0

-
.... >

c
c
 

.
>

 
...J...J 

C
 

... w
,,", 

...J ... e
c
c
 

... 0 
&

' 
......... 

a
:Z

U
lC

J
 

>
-W

&
.i •

•
 

c
e
E

lU
Ira

: 
...J1

I.a: ......... 
~
:
:
:
J
I
i
I
J
»
 

C
Z

C
L

.c
 

.. z ... U
 

'" ... -
~
 

.o
W

lG
 

.o
"
'C

lf\l5
1

 
0

" ... 0
' ...... 

... '" • •••• 
,
.
 

I 

· ". 
1

%
 CL 

• 
• 

A
. 

I 
• 

..., 
• 

%
 

• 
a 

f S._ 
• 

51 
.
.
.
.
.
.
 

f .5. 
• 
&

_
'.

.
J
 

• 
_ 

• 
W

 

• 
•
•
 >

 
• 

l
f
G

.
 

C
 

C
l 

-
' 

.
.
 

,... 
..... w

_
 ... 

." ... e
."

 
011&

 
c.1I.I 

Z
 

>
-
z
u

 
(
;
2

0
-
e
c
e
 

u
C

...J
U

O
: 

...... -I W
W

W
 

0
')1

6
1

0
.,,>

 

• 
II:. 

-
e 

w
 

" 
"­

__ U
Z

X
X

 
U

Z
_

D
.
D

.
 

_
_

 0
:
1

1
 

X
"' .. 

~
1
E
.
:
:
t
(
g
(
$
 

>
 
:J

 U
-

.-
• 

.... U
Z

I
S

.S
 

Z--­
X

_
 

0.. 
.., •

•
 

1
«

tU
J
O

C
 

U
J...J...J...J 

C
S

o....J\,JU
J"-! 

.
•
 U

 
_ 

a:l eEl 
,,_

x
 

_
X

.,>
-2

0
-

U
J
>

c
.
 

Jr.>
 

-
'-

' 
C

 
.... 

1
I
t
I
J
~
 

"
"
,"

iL
C

e
e
 

... 0 
.. 

....... 
~
 

e
J
"
2
C
J
~
 

>-
........ c 

c
.,\,J

c
tc

r
 

-
J
.
c
t
~
1
i
I
J
 

"
"
,:)1

1
.1

»
 

C
.Z

G
. 

.
.
.
.
.
 .. -...... W

l_
4

I)fI't 
5

4
1

)
_

4
1

)
"
_

 
. . .. . ..... 

V
'I 

... _ 
•
•
•
 O

'q
o

"
,,,, 

N
 

.... lD
 _

_
 

N
 

~
 

'" 
• 

•• 
• • 

... 
.,'" 
0

_
 

...... 
... _ .... 
...... >

 
...... 
-lO

t 
.., ... 
-

u" 
::r. 

............ 
....0 

.,., 
>

 ... 
" U

U
 

....J ..... 
W

,,", 
-
I 

•
•
 

.... .... ,
' 

., .... ... 
-
' 

0: .... -
.... ... 

.... 
:::J

0
.c

:::.-
-

I
>

 
0 

• 
I
C

."
..1

I
:.%

2
'"

 
a
.Z

 
1

0
0

0
0

1
ilJ

"
,C

O
 __ 0

0
 

.... Z
Z

iC
b

 ......... 
::r. 

_
_

 
I 

0
0

«
t
,
,
1

 
CL .... .... 

"
,U

U
M

J
...J

 
.
X

 .... .... 
....JO

 ........ U
U

.
 

-
e
r
a
:
 

..... 
C

I
)
"
O

_
 

,.. 
IILU

 ... 
>

«
t.-

e
r
::r

.-
-
x

.o
....J

....J
 

.
w

 ... 
C

L
W

X
C

L
 ...... .., 

C
I'....J....JM

oI 
>

.X
&

u
U

U
 

.... _
U

.-.,-
.. _

.U
 .... 

z.--W
 

-
.,.0

 
....%

 .... ....JC
-

C
 

C
 

.... M
J 

1
.)1

iIJ
0

1
I.I0

Z
.I 

-'>
...J

_
..,IIL

I .... fIW
::)::l 

«
tU

-flW
X

e
E

l ..... c
t
X

I
 

M
o

I-
>

 
.... IiIJ • 

.
,
 _

_
 _ 

-
,
x

w
c
>

U
«

t
 

~
)
I
[
)
I
[
 

_
~
.
o
:
:
 

0 
2

W
.
c
 

.>_ ....... 0
:
2

c
O

X
:
l
. 

• 
... 

0 
CL 

.... 
M

ol 
... .

,
.
,
 

... 1M
o1M

.1 .... 
...I

U
-
' .

.
.
.
.
 W

Z
 

C
JU

tU
 

U
 

.... M
oIC

M
oI1 

i
L

C
.
C

 
_

_
 >

c
tlR

l:::JW
u

Q
:O

::O
: 

%
1iIJ • 

...,X
...J

X
·IIL

I.,. .... 
1

i
I
J
>

a
:
>

:
:
l
C

_
A

.»
>

 
>

 .... C
Z

>
 ... ."

 •
•
•
 

.". 
...... 
"
!
~
~
"
!
 

~.O:":~~fP. 
"
"
~
 •

•
 'O

'O
O

'''''N
 

ft.IS
 .
.
.
.
 

.-
.. 

... • 
••••••• 

• • 
t 

fIW
, 

t 
• 

.
,
 x 

• 
• 

1
0

-
I 

1 w
 

... 
1 

..... 
I
C

L
-
I
I
 

. ., ....... 
I >. 
, ......... 
, 

-I ct 
• 

.U ..... __ 
...... 

t U
U

 
1

%
'"

 
...... k

.l 
I
U

J
C

I
"
..o

 
• 

>
,... 

............. 
• 

'u
U

 
.
-
'
 ....... \IJ ... 

I 
• 

«
t to

 
........ , ...... ...... 

., .... ... 
...J 

0
:&

1
.._

 
.
.
.
.
 ... 

fIW 
:
:
:
J
O

c
..-

.... 
>--

0 
, 

C
.,C

lO
%

2
 

.... 
2

2
 

a
:
c
.
o
~
 ...... 

e
c
.,...o

o
 

... 
Z
Z
.
,
.
,
~
 ... %

 _
_

 

c
o

w
w

x
 

....... 
"
,u

u
w

...J
 

a
x

c
c
 

...JO
w

 .... u
u

.
 

-
c
tC

k
 

M
.I 

I
I
n

."
C

_
 

1
a
.
I
~
 

>
C
I
)
.
-
.
~
-
1
c
.
.
.
J
.
.
.
J
 

c
w

 .... 
A

.flW
X

O
"lA

.! .......... 
a...J....J\IJ 

>
6

.J
:>

.6
J
U

\,J
 

... _
u

X
.
,
_

1
 

..... A
.U

tA
J 

1 
_

_
 1a.1 

.... 
« .... 

0 

.... X
 

..... ...JO
 

0 
C

fIW
 ...... 

U
W

O
 ...... O

X
X

 
...J>

....J-c
n

...,IItJ .... :::J=
 

C
D

U
 .......... :x

.C
&

.in
.e

a
:J:%

 
~
_
 

>
1

iIJa:C
L

O
') _

_
 _ 

.
.
.
.
.
:
:
x
~
.
>
U
.
,
 

..,)1(-. 
_ 

...... x
o

:: 
C

 
2 

........ 
X

>
-

...... O
:
:
Z

.C
1

X
 

I 
.... 

e
lL

 
C

 
IL

l 
.... &

.i 
"" 

..:X
"
"
 ........ 

...J"'...J "
'c

t 
~
 

J: 
t.:l' U

t U
 

U
.fIW

 ..... 1 
W

C
 •

•
 

_
o

::>
c
t(l:;:'lA

.!u
c
tG

:c
t 

:r ..... c
lA

.!z
...J.J. 

.
.
.
.
 """ .... 

fIW
>

ct 
>

.::>
C

-n
.=

>
 

» 
>

c
 ... 

c
Z

'>
 .... 

I
I
n

.
c
c
 

~
~
~
~
 

C
lO

"fI'tfl't 
:::t"

"
''''. 

II 
.
.
.
.
 

• • , • • · ~ '''' '''' • z 
'0

 
... . ... 

1
1

-
.
 

.,­
~
-
o
 

.,.,Z
%

 
O

O
C

:a
 .. 

z
Z

'u
a
 

c
:>

c
 ... 

u
u

 .... 
... .,,-. 
.,. 

... 
-
-
>

-
-

... 
>

-
>

-
'­

c
C

..,O
 

...J....JQ
....J 

......... 
O

O
O

fl:l 
... 

...J1ilJ1L
 
.. 

• 
:::JC

L .... 
... &

u
c....J 

Q
:
J
'"

 IiIJ 
"
'0

_
0

 

1
i
I
J
~
"
'
1
i
I
J
 

"",,«.I 
............. 
ct .. .:re

r 
..., ........ -..: 
»

>
 >

 
.... 
_....J....J -

' 
-I....J-I...J 
.
C

 •
•
 

Q
:Q

:Q
:Q

: 
kJt.L,; ......... 
»

>
 >

 
e
c
c
e
 

fll"
ltO

"
'. 

....... 
0

-
"
'H

'"
,_

 
-c

:.V
'I .... 

. ... , • • • • .­ ,., o 
C

o 
, .. 1

0
 

, 
U

 
, 

!o
J 

.
~
.
 

t
D

­
_

_
 0 

"
1

1
)
2

%
 

c
c
C

a
. 

~
 

Z
 

lU
X

 
e
o

 ... 
u

u
.
,
 ... 

Y
J \IJ ...... 

.,'" .. 
-

..... >
-
-

... 
>

->
-...Jlf 

.
e
k

J
C

 
...J...JO

...J 
...... 

... 
O

O
O

C
 

.... 
...JM

oIA
.>

­
.... 

;:,n
. C

 
"'lA

.!C
...J 

C
 

:::J ... 
1ItJ 

... 0
1

ln
0

 

\IJ ................ 
U
e
:
~
"
'
"
 

................ 
Q

:Q
:c

rQ
: 

.... ............. 
»

»
 

....... 
...J..J ..... 

-1
 

:t-:;; 
c
tQ

.c
tc

t 
""' ......... w

 
»

»
 

C
c
.t:.C

 

••• 
, 

Z
 

I 
a: 

, 
:::> 

• 
.. , • 
~
 . .. , ... , 

-
I
 

• • , 'Z
 

.. , .. 
0

' ::l 
I
~
 

" ...... 
:::>

%
Z

 

... "'"' 
, .. -

::> .. a 
a
t 

.
.
.
~
 ... 

., 
.. 

'" 
Z

 
'"

'''' 
_

Z
"
 

"'-" 
"'0

'" 
"''''x 
.. .,., 
... ...... 
...J...J..J 
u

u
.., 

...... 
,,1

" 
......... 
»

>
 

........ 
<. 

Q
C

 

... ...... 
"'''Z

 
......... 
U

u
U

 
.. .... 
......... 
G

A
A

 

• 
• 

z .. :::l 
... .. ... ... -' 

'" 
co 

.. 
co 

:::> 

.. ....... 
:
:
I
1

Z
 

....... 
,-­"' ..... '" 

... ..... 
., 

C
o 

.., 
.,"

z
 

-:;,:­
"
,
_

l<
 

"
0

;
;
 

... 
I 

C
;1

 

'" """ 
...I.a

 .. 
........ 

~
 

U
U

U
 

--­ X,," 
......... 
»

>
 

........ 
Z

Z
2

 
.. "'-"ILl 
U

U
U

 

"" .. 
..... "., 
....... ..... 

• • 
"'''' 
...... 
1

,. 

...... .. ....... 

• -'" 
...... 
Z

Z
 

.... ..J..J 

IX
'" 

D
C

 
..... 
Z

X
 

..... 
"''' 
2

Z
 

...... 
.... .... 
... .... 
:::>

: 
...... 
:::>::. 
C

D
 

........ 
"'''' 
.. ... ex'" 
... .. "" 

..... 
• • 
x

x
 

..... 
,
.
lI

 

... '" 
"'''' 

........ 
2

2
 

...... 
'" .. 
0

<
: 

...... 
..... 
.... a
e
: 

...... 
» ..... 

Ii' 
. .. .. • .. Z
 

... U
 

'" .... -'" .... .... A
 

0>
 

" .... '" -'" ... o "­c:. 
... ... II. 
.. '" .. '" C ..J 

... C
 

... " .. " ... " .. '" ... .. • ... ,z
 

... U
 

.. ... !!; c ... ... .. .. o 
... " - ., .... c. "­co 
.. .... .. '" " -" C> ... <> 
... '" .. .. ... >

 .. 

357. 



\358 « 
« 

'" 
« 

",. 
« 

.. 
« 

'" u .. a. z o 
.. .. ..... 
i' ;;; ... ... .. '" .. ., .. '" .., .. ... x 
.. '" c ., '" ... u c. 

'" .. '" e .. .. i ... '" .. ¥ 
U

 
.. a. 
z o u ... ... .. a .. .. ,. w

 

'" e ... a o '" ., '"' u c '" .. ~
 

a ;: .. ...J 
=> 
• 

..... 
a. 
., x .. ..... 
.. z '" - lEI c ... '" .. • ... '" .. c z c· 
L

: 
... ., " .. « « « « « 

« « « « 
« 

ii: 
., II> 
.., .... IS

 

" .... .. .., x .. ...J 
.. z .., .. • ... '" ... e z e u ... ., .. .,. « « « « « 

1 
U

 
.. " '" a. .. .. o z => 
o lEe 
Z

 

.. .. .. ., .. " < · L 
:0

 

x u .. c '" .. .. c " ., u .. .. '" .. '" .. • • 0
; 

.. z ... u '" ... a. 

. ... 
.0., 

~
 
~
 ... 

...-.G
O

-
....... 

.. .
"
 ... • • • • • • • • • · 
... 

..... 
... 

-
1

1
 .... 

......... 
... e 

• 
o 

.
.
.
 

...J 
• 

-
'''' . -' 

... 
I
-

• 
W

 
.... 

Q
 

• 
>

 
Q

 
.
.
.
.
.
.
.
.
 

.. 
.. 

"'-.. 
tl')

O
Z

 
If)

 

C
Z

-
C

I
l
J
 

z
_

 It. 
Z

e
.! 

o
m

-
Q

: 
0 

... 
U

!:t. => 
U

 
IZ

. 
&

IJ
.=

lU
W

 .... 
w

u
 Z

 
.
,
 >

 
• z -

-
.. 
.... 

...J 
If)"',.. 

L
"
."

W
..,. 

... 
-&

1
.1

 
.... -

,
-
,
 

X
-
iU

I
l.

l .... 
&

lJ
U

-
O

Q
 

>
_

 x 
--::t 

&
IJ -'...J 

IW
>

 
... ... 

,.. >
 

.... 
t-

.
.
.
.
.
.
.
 
0

0
 

-
'
~
 

0 
........ 

... e;, 
c 

....... tL
I 

It. 
2

' C
H

.' 
...J&

lJ1
.&

. 
...... 

.. 
~
u
c
t
:
c
t
:
 

t-
r 

D
: 

........ 
0

=
'1

 
~
 

>
 

>
 

.... z
a
 .... 

.. z ... u '" ... a 
I\i 

0
' 

..... "
"
 

. . .. 
.0

., ..... 
-
0

-
N
O
o
O
'
~
1
I
'
I
 

.,. .., . . .. .... .
.
 

...J 
........ 
... 

0 
<> 

• 

...J
"
 

..... 
.... 

... 
.
.
 0 

>
 

0
"
 

.. 
.. 

'" 
e
-
t
-

U
)
~
z
.
"
 

o
z
-
o

 .... 
z
_

c
t:z

c
 

c
a
:a

:c
 .. 

u
c
t:=

"
"
"
'G

': 
~
=
'
I
U
"
'
'
'
'
'
 

C
D

U
Z

c
»

 
I
Z

-
-
"
 

... -
.... 

...J 
ao,..,.. 

'-1
m

 ........ 
_
~
 

...J...J ...... 

:
X
.
.
.
J
U
"
'
~
 

"
"
u

_
c
o

 
>

_
x
 

-
x

 .... -
'_

 
.... >

 
.... 

,..>
 

t
-
t
­

...... c 
C

 
.
.
.
J
~
c
.
t
-
"
"
 

... e 
o 

t-
1

I
I
o

"
'-

l
I
I
.
.
z
c
~
 

...J ............ 
.. 

~
u
c
t
:
:
z
:
 

I
-
r
l
l
l
.
 

.... 
~
 

O
~
 ... » 

.... 
Z

 
IL

 
.
.
.
.
 

.. z ... u '" '" .. 
• 

V
'_

C
)
 

· ... 
• 

"'0
"-4

)l1
l"i 

_
.0

., ...... 
.. .. •• 

• 

.. .... ....... 
........ 

... x 
.
.
.
.
 0 - .. 

'0
 

· ... 
1&

1.1='1 
-
' 

'
:
J
~
 

W
 

IW
=

>
 

>
 

1
=

'1
0

 
... 

o 
IX

 

"'-.. 
.o

e
z
m

 
C

Z
_

c
..., 

Z
-
C

E
Z

O
 

o
c
z
rro

 ... 
u

a
:=

,u
c
l: 

Ia
I:=

IU
W

II.I 
"
"
-
I
Z

.,,>
 

'2
 _

_
 .. 

... -
.... 

-
' 

.,,..,.. 
u

., .......... 
_

1
&

.1
-,-,-, 

X
...JU

&
IJ&

IJ 
t
L
l
U
-
~
C
 

>
-
x
 

-X
&

IJ
\iJ

&
I.! 

&
I
>
=
'
I
~
 

,..>
 

&
IJ&

IJ 
... 

"':=
1

=
'1

 
-
J
 .... 

Co' C
!l a 

... 0 
c 

t-&
lJ

1
IL

i 
G
.
Z
c
)
~
 

tI,I&
I&

IJ .
.
.
.
.
 

=>111 
v

e
t: It. 

tI.I 
~
 

IE
 aaulol 

:
=
I
=
'
I
~
»
 

o
z
a
 .... 

.. z ... u '" ... a. 

"' .. .. 
· .. . 

1
\iI_

1
'\I1

S
'''' 

II\ ...... V
'I ... 

.
"
 

.., •• .. .. .. .......... 
........ 

'" 
1

L
l0

 
.
.
 

C
 

.. 

'" 
~
:
=
.
 

...J 
:::> .

.
.
.
.
.
 

... 
::;0 

>
 

~
o
 

... 

'" 
'" 

C
>

_
 .. 

1
0

'"
'2

'"
 

o
z
-
o
~
 

Z
_

t%
Z

,"
, 

0
0

: a: 0 
... 

'-10" 
~
 '-1

0
: 

I
I
L
i
~
U
~
"
"
 

.
,
u

z
.
,
>

 
.::z

 _
_

 ... 

...-
.... 

-I 
"J>

-J>
­

u
.
,
~
 ...... 

_1Iw
...J...J...J 

X
-
I
'
-
I
~
~
 

~
'
-
I
_
O
C
 

>
-
x
 

-
X
-
.
a
~
~
 

1
1

.1
>

=
=

:1
 

J>
->

 
........ 

... 
... =-:= 

...J'" 0
0

 C
 

... e 
C

 
1

-
........ 

o
.
2
'
~
~
 

I
I
.
I
~
~
"
'
'
'
'
 

=
'
I
~
'
-
I
O
:
I
E
t
'
 

... :l:o
" .... 

~
 

~
=
.
w
»
 

O
::zG

.. ...... 

.. z '" u '" ... a. 

15 
"''''''5 

. . .. 
""-1"' •

•
 

5
4

)
"
.
4

)
 

•• .. .. .. .. ..... 
........ 
"'0 
o 

• 

o 
0'" 

..... 
... a. 

... 
0

. a 
• 

>
 

a 
0 

.
.
.
.
 

0
"
 

'"
 

-
1

-
"
-
1

-
., .. 

., 
o 

,
"
,
0

 ... 
z
u

z
z
u

 
o

z
_

o
 ... 

u
-
o

:
u

r
r
 

11.10::0:...,11.1 
.,a

:,:)
tD

>
 

.
:
=

I
u

-
... 

lI.Iu
;a

, 
..... 

-IZ
_

J
>

-J
>

­
u

-
...... 

-
tD

-I...J 
X

.,1IJ1o&
J1I.I 

I
I
.
I
~
.
.
.
J
O
C
 

>
 

..... u 
-
u

-
c
c
 

_
X

"
"
II.I 

J>
-%

.lIL
iao

. 
"'1

1
.1

>
 G.. G.. 

-
I
>

 
0

0
 

11.1 
... I-

t­
o

"
'C

o
.,tD

 
C

 
o 

I-
Il.lIILi 

I
I
.I

r
r
z
,"

,u
 

a
~
I
I
.
I
"
'
'
'
'
 

a
l
l
l
u

o
:
a
:
 

0
:1

: a: 
11.1 IL

l 
t-=

>
II.I»

 
.
,
z
a
 ...... 

.. z ... u '" ... a
. 

•• 
• 

.. .... .......... 
........ 

'" 
~
C
 

:
:
 

o 
O

M
.: 

...J 
..,a 

.... 
..... 

>
 

1
0

.0
 

.. 
O

J.. 
'" 

_
l
-
t
D

_
t
-

"'., 
'" 

c 
,
"
,
o
~
 

z
~
z
z
,
"
,
 

o
z
-
o

 ... 
'-1

_
0

: 
u

o
: 

~
~
o
:
~
 .... 

.
,
a
:
=

.
,
>

 
'.

=
l
u

-
'"

 
~
u
:
&
.
 

...... 
...JZ

_
J>

-J>
­

u
-

...... 
.
,
 

...J"'" 
X
I
Q
~
~
~
 

a
.
J
~
 

.... o
c
 

:>
-
J
\,; 

-
u

t
-
o

e
 

_
1

w
lA

J
 

J
>
-
z
~
a
G
.
.
 

"'1
IL

i>
G

..G
.. 

-
'>

 
0

0
 

.... 
... 

t-
t­

c 
... e

C
f)a

') 

" 
c 

............ 
\
I
.
I
O
:
Z
~
"
 

a 
-.a..: 

...... 
G

..m
u

o
:o

: 
C

o:l: .. w
-.a

 
t-=

>
IIL

i»
 

ttl 
Z

 
a 

...... 

.. 2 
... U

 

'" ... a. 
s 

_
s
 ... 

· .. . 
"' ...... "'0 
N

'O
.,. ...... 

... ... --. -. 
•• 

•• 
• 

%
. 
I
'
 

• 
x

a
 

• 
.
a
l
l
 

..... 
,::1

: 
':1

: 

· ... -
• 

5 
.
•
•
 l-

· .
~
 . 

.
5

_
'
-
1

 
• 

_ 
• 

U
J
 

• 
~
.
 

>
 

':"Q
' ... 

0 
..... 

'"
 

_
-
I
I
I
L

i_
t-

tD
llL

im
"
 

0
.
,
 

0 
.... 

2 
.. Z

"
 

C
J>

-
... O

 
... 

u
"
'-

I
u

a
:
 

.... 
-
I
~
 IILi IILi 

,
,
~
o
"
>
 

.0
 

......... 
... .. 

.... 
-
I
U

Z
X

X
 

u
z
_

a
o

.
 

-
-
I
I
r
.:I

::L
 

x
"'. 

.... C
I::=

I&
15o 

>
:::)

u
 
•
•
 

-
U

Z
I
S

I
S

 
z 

_
_

 _ 

x
-

a 
.,:a

:.. 
a: 

tD
 .... e 

0 
1

IL
i-l-l-l 

IS
 
-
I
u

 .... ..., 
.u

_
1

D
1

E
 

.. -
x

 
_

X
II.IJ>

-J>
-

1
1

.1
>

 
...... 

~
>
 

-1
-1

 
o 

"
'
~
1
I
L
i
 

-
I
-
.C

O
C

 
... 0 
ID

 
I-IIJ .... 

a
:
z
,"

,c
 

J>-1IJ1ILi ...... 
... 

c
m

u
o

:a
: 

...oI"'C
l:1IL

i1IL
i 

1IJ:=
I1IL

i>
 

>
 

o
::z

o
. ...... 

.. z ... u 

'" ... a. 

"''''.., 
· ... . 

"
"
'N

O
 ... ... 

... .,.,o
.a

 
., .., ---.. 
•
•
 

• 
I 

• 
1 

I 
• 

I 
X

G
.. 

I 
l
a
:
l
:
 

• 
~
 

.7.. 
.::1

: 

• 
IS

 
I
_

 
I 

5 
• 

I 
t-

· .
~
 . 

'IS
'-

1...01 
1

-
I 
~
 

I 
:S

. >
 

.
.
.
 0 

I
'"

 
0 

..... 
'"

 
_
-
I
~
_
t
-

"
~
I
I
I
"
 

C
II)

 
C

 
.... 

Z
 

J>
-Z

C
 

C
J>

-
... C

'"
 

'-
I
"
'-

I
u

o
: 

~
-
I
~
"
"
~
 

IQ
Io

&
JO

">
 

,0
 

-
... 

'" 
'" 

.... 
-
I
,"

,Z
X

X
 

U
Z

-G
..G

.. 
_

_
 III.r..:.: 

x"'''' 
\
I
.
I
C
J
.
:
=
l
I
~
1
S
 

>
 =

 u
· •

.•
 

_
u

Z
I
S

a
. 

z---
1

_
 

a. 
1

0
3

: .. 
1

"
I
I
.I

C
C

 
\I.I...J...J...J 

I
S
.
.
.
J
U
~
~
 

•
•
 u

_
m

r
:c

 
... -

1
 

_
X

IIJJ>
-J>

-
11.1> ...... 

~
:
>
 

-I...J 
C

 
... ILI .... 

_
~
o
o
c
 

..,C
 

CC 
1

-""-""-
o

:z
,"

,c
,: 

J>-IIJII.I ...... 
... .,u

a
:
o

:
 

-!:I: .. 1ILi1l.l 
.... :=

I.w
>

 >
 

o
z
a
 ...... 

..,.., 
""" 
C
I
_
.
a
~
 

........ ..,g 
_

_
 

n: 
.
'
:
~
"
'
 •• '

;
~
Q
.
'
;
'
;
 

N
G

l
.
_

 
N

 
... -

.. 
... 

-
-

II!. 
... 

.. '" 0_ ..... 
... &

 ..... 
., ... >

 
..... 
..... '" 

• • .. • Z
 

• I • 
U

l-
_

_
 

_ 
u

u
 

X
I
-

........ 
.... 0 

•
•
 

• 
>

 
I-

........... 
• 

• 
u

u
 

.
-
I
 ...... -

-
~
 

'
-
J
 

'''1
0

 
... 1

-
........... 

• 
• 

1
-1

-
-I 

.
.
.
.
.
 _ 

....... 
..... 

~
O
~
.
-
­

>
 
_

_
 

0 
• 

... 1
0

1
0

0
%

.2
1

-
2

2
 

.
0

0
 ............ 0

-
0

0
 

I
-
z
z
.,tD

I
I
.I

I
-
X

 _
_

 
0

0
1

0
 .... :1: 

0
.1

-1
-

... U
U
~
-
"
 

.
a
:
 ..... 

-
i
O
I
l
.
l
~
u
u
.
 

-
a
:
 .. 

... 
.,1

0
0

... 
~
I
I
J
 

>
t
D

.
-
a
:
x

_
x

o
"
,
-
I
 

........... 
o

. ... x
a
l
l
.
l
~
 .... 

.. -I-I1
iIJ 

>
a
z
.
 .... u

u
 

I
-
-
U

X
tD

_
:l:_

a
."

'-
J
 .... 

:I
:-

-
1

a
I
 

-
.
,
4

0
 

.
.
.
.
 X

l-
-
I
O

 
0 

0
..,1

1
.1

 
u

w
o

 .... o
:a

:a
: 

"
'
>
-
I
-
"
I
I
.
I
I
I
.
I
I
I
.
I
~
:
=
I
 

.
,
u
-
l
I
.
I
:
l
:
t
D
~
a
a
:
Z
l
l
 

11.1-
>

la
IllL

ia
., _

_
 _ 

...J%
.1

IL
i4

>
U

tD
 

tD
M

M
 

-
... z

.
.
 

0 
2

1
1

J
 ...... 

a
.>

-
I
-
"
'l

I
r
.z

 ... o
x

:
a
 

• 
I-

0
0

. ... 
11.1 

~
I
I
.
I
.
.
.
.
 

~
:
a
 

.... 
~
I
I
.
I
 

-IU
-lC

R
IIL

i:a
 

C
U

I,"
, 

u 
.......... 

~
%
 

11.1 ......... 
-
O
:
:
>
.
I
D
~
"
"
U
a
:
a
:
o
.
 

X
IIL

i"
'IIL

i"
'-IS

"
'lI.Itu

llL
i 

lI.I>
o

.>
:=

Io
 .... 

a
»

>
 

>
 

... 1
-

... 2 
>

t
-
.
,
 ......... 

..,. 
"' ... 
1

0
-

... ., 
"
.
5

1
_

t
D

a
t
 

.. .. .. 
.. ..... . 

• .,. ... "'.-..151:::1 ... ... 
.... .,.C

I _
_

 IU 

.. 
'" 

... 

---. -
.... 

.
.
.
 

I 
0_. 
...... 
... . 
a
....J

 
• 

., .... >
 

• 
...... 
..... '" . 
U

t
-
I
 _

_
 

,
u

u
 

X
t-'&

l1
IL

i 
~
o
.
t
D
t
D
 

>
 

t-
............. 
'u

u
 

......... 
111.111.1 

-I 
1

"
1

0
 

...t
-
I
 ........... 

1
0

1
1

-1
-

. ... -
........ 

:
=

I
O

C
I
-
-

>
-

_ 
0 

• 
... 

.,V
l
C

1
Z

t
-

Z
Z

 
O

:C
.O

Il.l ........ O
_

O
O

 
t-

Z
Z

.,tD
lI

J
 .... 

X
 
_

_
 

0
0
"
~
:
I
:
 

Q
..t-t-

.... 
U

U
Il.l...J 

.::1
: 

...... 
-
I
O
~
-
.
a
u
u
 

_ 
-c

re
E

. 
.... 

.,1
1

.1
0

_
 

..., .... 
>

.
,
.
-
2

X
_

X
C

-
I
.
.
.
J
 

....... -..: 
a
l
W
z
Q
.
.
~
1
I
.
I
1
I
.
I
 

a
:
.
.
.
J
.
.
.
J
~
 

>
a
x

.
.
.
,
u

u
 

t
-
_
u
:
a
.
,
_
~
_
Q
.
.
u
.
w
 

::1: 
_

_
 \1.1 

-
cn ... c 

~
'
%
.
I
-
.
.
.
J
Q
 

C
 

C
:
~
~
 

"'-J.w
O

 .... C
 

... 
:I: 

-i>
-It-"I.&

.III.IIIJ:=
I:::l 

C
D

U
-\I.IX

tD
 .... a.O

:::I::I: 
....:-

>
 

........ a
.., _

_
 _ 

...JX
 

....... >
u

r
,
 

IQ
M

M
 

_ 
.... z

.o
: 

0 
Z

\l.l ...... 
.:.:>

_
t-

...... z 
... o

:a
2

-
, 

t-
e
.a

. ... .... 
........ 

-.: 
.... :1: 

............ 
...J,"

,-Iu
o

.lI.I:I: 
~
u
'
"
'
 

'
-
I
"
'
~
"
'
'
'
'
'
%
 

1&.1 ......... 
_

0
: >

 
t:r.4

.:J
 .... u

O
: .. 0: 

X
IIJ ....... :I:-I .......... ~

 ... 
~
>
 .. >

=
'I

O
-
G

.
.
»

>
 

>
 

... t-
... z

>
t
-
.
,
 ......... 

-:.~~-:. 
"
,.,.N

 
"
'.a

"
,'"

 

. --. • • 
• • 
• • 
• • 
• · - ... • c 
• z 
.0 • 

u 
. ... 
.-.. .. -

--0 
m

tD
z
%

. 
o

o
o

a
 

Z
2

U
:a

: 
0

0
 ... 

u
u

 •
•
 

.
.
.
~
-.. 

.... 
... 

-
_

J
>

-
_ 

.. 
J
>
-
J
>
-
-
I
~
 

...... ...,0 
-
1

-
1

0
 
-
I 

IL
l.., 

'" 
C

O
O

I
D

 
... 

-I..., a 
J>­

"
'=

'I
a
'"

 
1

-1
1

.1
0

-1
 

O
.=

lt-IIJ
 

I
-
C

I
O

G
 

""1
IL

i1
l.l": 

o
u
~
u
 

............ 
.
.
a
:
.
 

1
lL

i1
l.l1

ilJ .... 
»

»
 

............ 
-1

-1
-1

...0
1

 
-I...J-I...J 
............ 
.
a
:
 0: 

lEt' 
1IL

i..,1I.I1IJ 
»

»
 

O
O

C
O

 

IW
'.o

C
lV

' 
. ... 
-.-.,. 
............ 

• • 
• • • • • · -· ., • 

0 
• 

z 
.
0

 
.u

 
... 

-
., 

., -C
 

tD
.,Z

X
 

o
c
o

o
.
 

::z
z
.u

:l: 
o

e
 ... 

U
U

tD
l:il 

~
 1&.1 ...... 

.,., .. 
..... -

J
>

-
_

 
.. 

J>-J>-...J ..... 
...... 

~
O
 

-I...J
C

-I 
...... 

... 
c
e
o

.
,
 

... 
-IlI.Ia

J>
­

... 
~
a
'
"
 

t-IL
IC

-I 
C

o
:=

o
it-.w

 
t
-
C

.
,
O

 

M
.
:
~
W
"
"
 

'"'u'"''"' 
............ 
O

:e
E

.o
:rr 

I6Jw
 .... 
~
 

»
»

 
............ 
-
i...J

...J
-
I
 

-i...o
l-iJ

 
............ 
0

:c:t.0
:C

J. 
\1.1 

........ 11.1 
»

>
 >

 
C

C
C

O
 

... "' ... 
... 
-..,,, 
-
~
 .. 

• 
• 

z '" => .. .. ... ... ..... 

2 

IX
 

'"
 

o 
=> 
.. 

Z
 

IX
 .
.
.
.
 

::l"X
X

 
.... '" 
.-­=> .. '" 

'" 
...... .. u 

'" 
Z

"
'Z

 
-
2

>
-

"'->< 
"
0

 .. 
"' .. '" 
., .. ., 
......... 
""''''''..l 
!::!:!!:: 
X

1
X

 
... ...... 
»

>
 

......... 
0

0
0

 

...... 
z
z
z
 

~
"
"
'
I
I
.
I
 

u
u

u
 

... '" 
......... 
.
.
a
.
a
.
 

• 
• 

z '" => .. .. ... ... 
2 

'" 
'" 

o 
=> 
.. 

Z
 

It 
.
.
 

=
>

X
X

 

.. "'''' 
.-­"' .. '" It 
...... ., 
'-' 

'" 
2

';.!IZ
 

-z_ 
"'-'" 
"
0

"
 

'" "'''' 
.,.,., 
......... 
...J...J...J 
u

u
u

 

X
X

X
 

11.1"'1&
.1 

»
>

 

... ...... 
c
e
o

 
...... 
z
z
z
 

... ...... 
u

u
u

 
"'''' .. 
... 
~
 ... 

.. a
.a

. .... .... "''' 
..,'" 
"
'
~
 

N
 

... '" 
z
z
 

.. .. .......... 
"'It 
0

0
 

...... 
x

x
 

.... .. .., 2
2

 
...... 
""'...J 

... '" 
=>=> 
"
'
~
 

=>= 
c
c
 

M
.:"'-' 

"'''' 
.... "'''' 
"' ... 
» 

•• 
.... .... "'''' 

. . ...... 
z 

z 
.... ""'...J 

"' ... 
c
o

 
...... 
X

:L
 

.. .. "'.., 
z
z
 

"' ... 
...... 
=>=> 
...... 
=>=> 
"'e

 
...... 
.., .. .... ... '" 
"' ... 
» 
.... .. .. • .. 2 

... U
 

'" ... a. o ... ... a
. 

.. C
o 

... .. ., ... o .... c ... '" & ., ! '" CI, 
..... 
... o '" '" .. • ... >

 
.. .. .. " • .. z ... u '" ... .. o 
... ... .. .. C

o 
... '" -'" ... C

o 
.... e ... ... a. 
.. ! '" o ..... 
... c. 
.... '" .. .. ... >

 
.. 



sr.-tIL HI O~ P~oCEesOQ F~R THt TErAII l~lFflC SI~ULHIO~ PAC_AGE · .... .~ SFfnNn PRE.'I~E~ S!GNAL WITM JP/a0/3~ SPLIT * •• A. 

~UI·"'~' ~HTHTTCS OUR AlL lPPROAC"FS 

2~]81.8 
'i1l8 
ge.~ 

'55,9 

Tnlll nFLA' (vF~ICl'.SECnNnSl • __ .w_w ••••••••••••••• 
NU.AFP nF VEHICLES INCURRING TOTAL Of LAY ••• - ••••••• 
Pf~CFNT OF VEHICLES INC1'RRIN~ TOTAL DELAy •••••••••• 
lVrPAG' TOTAL OELAY (SECOND!) ••••• __ •••••••••• __ ••• 
AV,.RAGf TOTAL nfIA'/AV!RAGE TRAVEL TIMr •••••••••••• 6'.3 pERCENT 

QU'lIf nFll" (VfHTCLF·8ECONDll .......................... . 
~U .. AF.~ I"~ Vf')oiYCLFS JNCilRRJNG DUEll!: t\!LAV ............... . 
ClFj;lr.f"'lT t'F' VfHIClFS TNCU~RY"'G QUEUE "fLAV ."' ......... . 
ivF'FiiiGF nUflJF OELiV rSE(O\l08) .-••••••••••• "" ... _ ...... . 
lVEPAGE olJEUE OfLlY/AVEIUGE TRAVH TIME •••••••••••• 

STnpp!:o Of LA V (vEHTClF.srCO~D!) ..................... . 
NIJMAEQ no VEHICLES INCURRING STOPPED DELAy ••••••••• 
P!RC£~T 0' VfHICL£' INCURRING STOPPED D!LAY •••••••• 
iV[RlGf ST~p'[n O!LAV (SECONDI' ••• "" ................. . 
AV.AACr STOPPED nELA"AV!RAGE TRAVEL TI~E •••••••••• 

"~LA' RFLOW IR~~ ~PH (VEHICle.IECONDll ••••••••••••• 
~U~~~R OF VE~tClFS INC1.RI_G DELA. AfLO~ I',~ MPH •• 
PFRCENT no VEkIClES INCURRING DELAY 8ELOw I~,B ~PH • 
lVERAC' nElA' ~ELO~ 1~;P ~PH (SEcnN~~) ••••••••••••• 
lVrll.G' nEll' AELOW 1~~0 ~P~/AVERAGE TRAV~L rIME ••• 

VE~ICLF.~rL~S OF TRAVEL ... ___ •• __ • __ ._._ •••••• ___ ••• 

AVrQAGF VEHJCLf-~tl~S OF TAAVfL ------.--•• ~ •••••••• 
TRAVEL TI~E (VEHICLE.SECONDS) ••••••••••••••••••••••• 
lVf~'G' TPiV~L TJ~E (SECONOSl .--••• --•••••••••••••• 
~UM8f~ OF VEMIelE! PPOCESSEO ------••••••••••••••••• 
V"LU~f PQt'rE~8EO (VFHIClES/HOURl .-................. . 
TI~E WEAN SPEEO (~Pk) • "EA~ OF ALL VEHICLf SPEEOS • 
SPACE ~f'N SPEED (MPH) • TOT OIST 1 TOT TRAV!L TtM! • 
lVE~AGF nESTPfD SPEEO (MPH) ___ ...................... . 
AvrRAG£ ~'XI~U~ ACCELERATION tFT/SEC/SfCI •••••••••• 
AVFRiGF ~i~T~U~ nEC[L~~iTIO~ rFT/IEC/eCC) .......... . 

2!lell!. e 
ou 
~l.a 
57,5 
1>7.2 pERCENT 

2lt1>Z.0 
447 

11.11 
411,3 
'55.4 pfI!C!NT 

21648.11 
411 
U" 
"~,I 
71,2 Pfl!CENT 

'16,11.117 
,I S' 

"'157,7 
15.5 

510 
3'U,1I 

Q.9 
1,'1 

23,0 
3.9 
3.2 

OV~RALL 'VERAGE TOTAL nElA' (SECONDS) •••••• __ ••••• • 5S.2 
OVERAll AVERAGf aUEII! DELA' (SECONDS) ••••••••••••• • 5'.' 
OVERAll AVfQ'~[ STOPPEO DELA. (SEcnNnS) •••••• -.... • 41.l 
nV£RAlL •• EQ'Gf nEL" REL". I~.P MPW (SFcnNOS) •••• • 5~,' 

~ll~e!q nF COLll!TO~S .................................. • Z 
IVERACf n, LOGIN SPfED/~ESIREO SPE!C (PF,ACE~T) •••• • 91,6 

SIMULATION ppnCfssryQ FOQ TME TFrlS TQlFFIC SI"ULlTION PlC_l~E 

••••• qp 8FcnND pPE.'r~~n SI~~AL ~ITH 3"40/3' SPLIT ..*** 

~TAPT.I)P TI~f • 11A,~ee SFrnNns NUM~ER OF VEHICLES PROCf5SfO • 4" 

~1 .. "tATT0' TlwE. 61'''.''1'~ S'CD~D8 NUMBER OF VfHltLtS PROCfSSED. 51M 

NUMRfR OF VF~I[L!S IN THE SYsTE~ AT SU~MAR' • 
AVF~A~F ~U~RtR nF vEN!CLES I~ TME SYSTF~ ••• 

INITIAL T~ TIM' • ;8<1/1 SECO~D! COST • S 

SHPToUP T~ TI~f • 1'.1>1>1 SECONDS COST • S 
RfAllIM • II ;"'511 

SI~ULATlnH T~ Tluf • 1117,279 SECONDS CnST •• 
REALIT" • '5.51/3 

IU"'UIIY T" "ME. • 4'15 SECONDI COlT • 

TOUL TM TI"[ • 11'1,3!1 s!co~ns COST • • 

n 
78.' MAW. 'II! 

.eo 

.6~ 

0.11'5 

,.3 

7.62 

VEHIClE.SfCONOS 01' SI~ULATION PER TM TI~E • 409.751 

V£HYCL! UpnATfS PER TM TI~[ • ."9,151 

W 
,1J1 
'\c) 



• * •••• * r~I~T CF FILE CAMD8 2q NOV 71 21.28.24. PAGE *.* •••• w 
0\ 

1 2 "S /J S b 7 8 
0 

1234~b7~~~123~567~q~123~5b7~9~12345~7A901234507~q~1234Sb7AQ0123 4507eQA123 45b7S9a 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1 C US 181 AND C.MF.RON ~O.O - LEFT AND RIGHT TURN BAYS. SUBUHBAN OFF-PEAK > 1 

? c Ii > 2 
l c 1 2 1.1 

,. 3 
4 C II ,. 4 
'5 c IS b 7 l\ 

,. 5 
o c !:I 12 1 • " 10 3 190 ql-l ,. b 

7 c 1 18V1 5b5113(;1 lI5 2 NEGEXP 150 ~0.0 115.0 0~ 20 119 25 YES> 7 
1'\ c 1'5.3 419.2 6.5 4.i' 23.4 "'.8 Id.~ i'I.8 0.111 0.0 ,. 8 

9 c 13 o 485 o 1.185 lS 100 I':' " " 150 ':'25 R ,. 9 
10 c 2 Ill'! " 53':' 55 4 LOGNQIoIL 383 1."'0 50.0 55.0 07 00 08 85 VES,. 10 
11 c 09.7 3b.1.I 10.6 4,1.1 31.3 3.2 3.0 0.7 0,2 0.5 ,. 11 
t2 c ttl '" o 3014 52111 UL 12 111 520 111 520 5 45 ,. 12 
13 c 12 " 52~ PJ '520 S 55 1i1 111 Ql 250 4bQl R ,. 13 
111 C 3 I" 570 ~ 45 3 NEGE)(P 170 il0.0 115.0 26 b3 0 11 YES" 14 
15 c 9.1 Sq.4 9.8 7.0 13.3 1iI,7 !II.e 0.7 1il.0 ~.p ,. 15 
1& c 10 o 1.185 o 485 L 51 15 " 485 14 485 LS 119 ,. 10 
17 C 111 0 111 200 1125 R ,. 17 
18 C II 27~1110 590 55 /,I LOGNR"'L 5111 1.00 5~.0 55.0 20 73 07 00 VES> 18 
19 C 8.8 37,9 9,3 3,0 34.2 2.7 2.7 111.3 0.] 0.8 ,. 19 
,20 C 1111 III 111 lQ!0 5J7 UL 12 " 537 0537 S 51 ,. 2il 

21 c 12 0537 III 557 S I.IQ 14 0 A 151'1 1171 R ,. 21 
22 C 5 ~ 505 oilS 115 2 ,. 22 
23 c 13 11 485 1'1 1185 LS 111 oil) 2M! lI85 485 R ,. 23 
2/1 c b 27'0 517 Uo 55 3 ,. 211 
215 c 12 III 537 III 517 ULS 12 1537 0537 LS ,. 25 
(II.! C 111 60 360 537 537 R ,. 20 
27 c 7 18~ 500 1185 115 3 ,. 27 
28 c If! o 485 ill 1185 LS 15 o 1185 o 1185 S ,. 28 
29 C 111 bltl 260 1165 1185 R 

,. 29 
3111 C fI ql!1 oUt 524 55 3 ,. 30 
il c 12 111 520 II) 520 ULI!l Ii! o 520 e 520 s ,. 31 
12 C 111 M~ 360 521:'1 520 R 

,. 32 
33 C 15 

,. n 
311 c 1 610 1125 270 90 75 ,. 311 
35 C 2 6TI! 1125 2711l 90 61 > 35 
30 C 3 &10 1J85 270 190 15 > 36 
37 C II lIoe 425 q~ .. 90 75 ,. 37 
38 C 5 ~b0 425 91i! .90 01 > 38 
319 C o S2~ 1185 9{4 .19'" 15 > ]q 

40 C 7 1177 705 lt11/) .9., 75 ,. 110 
II 1 C P 477 705 18~ .9~ 01 ,. 111 
112 C q 053 705 18~ 90 75 ,. 112 
III c I~ b53 70'5 11'1111 9C1 bl 

,. II] 
IJ II C 1 I h 31 560 1 II Ii! 180 3b 

,. 1111 
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvYYYYVVYVVVVYYVVVVVVvvvvvvv 

1 2 :; II 5 6 7 8 
1?34~~'Hq~I?3I1S~7~9~123115b7f19~123115b789~12311507A901234S&789~123I1S67e9J123I1Sb7~9~ 



****_** PR[~T OF FILE CA~D~ 2q NOv' 77 21.28,24, I='AGE 2 **-**** 

1 2 3 4 5 ;, 1 II 
t23aSo7Aq~1230S~78qet23u5b78qe1234S~78qrI23qSb78qp123a5&78qPI234Sn78q~1234Sb7~qe 
AAAAAAAAAAAAAA~AAAAAAAAAA~AAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAA 

u5 < 12 aqe S70 t8[/1-181! 16 
all < 13 5&5 a85 270 t8e 5 
47 < 14 537 6115 181! .q0 15 
a8 < 15 SH bUS 18Q1 q0 15 
;jq < U 
50 < 1 565 ba~ S5,? 6ab 
51 < ,? Slq Slu 5tq 50~ 
52 < 3 57[/1 484 SqS 4eU 
53 < 4 S~4 63~ SqU 5q6 
54 < 0 
55 <PRIMARY !'LOTI SAfoIE 12 
56 <NO NO ~n NO NO NO NO NO NO NO N~ NO NO NO "'0 NO 

YVYVVVVVVVYVVVYYVVVVVVVVVVVVVVVYVVVVVVVVVVVVVVVVVVYVVVvvvvvVVVVVvYvVVvvvvvvvvvvv 

123 U 5 b 7 8 
123456789012345678q012345678q012345618q012345678q012345618q012345678q012345618q0 

> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 

45 
46 
47 
48 
4q 
50 
51 
52 
53 
54 
55 
56 

W 
0' 
t-' 



GEUMET"Y P"OCESSOH '"01 rME TEXAS rHAFFI~ SJ"IJLATION PAC .. IiE .AGE 

us \&1 ANlJ Cl~fRON ROAn • LHI 'Nfl WIGMT TuH" HAyS - SUMU-RAN OFF-PEl. 

TAHLE lISTJNli uF" Ir~H(lIJ~u Aj.lj.I",:vAC'"i "Iu"'cfI-lS 

TOTAL NUMaE~ UF INHOUNO APPHOACHES • 

TA8LE l LISTI_G OF UUT~OUNO APPHOACH NUM~EoS 

5 

" 7 
8 

TOTAL NUI'1HE .... (;F ouTAuur~1') APP~OACHES a 

TOTAL NUMBER OF INBOUNU ANO OUT80UND APP~OACHfS • 

TA~LE LI8TING UF APP~OAC~ES 

APPRUACH NUM8E~ __________________ _ 

App~OACH All~UTH ._ •• ___________ ._. 18~ 

aEGINNIN~ CE'TE"~INE X CDOHDINAIE - 505 
BEGINNINIi CfNTERLINE Y CDUHOINATE - Ilj~ SPEED LIMIT (MPH) _________________ 45 

NU~BE" nF DEGREES 'OR STRAIGHT ---- 20 
~UM8E~ UF DEGREES FOW U-!UR. ------ I-
NUMBER OF LANES --------_.-_.------ 2 

~ANE I~ IRLN -10TH ---LANE GEOMFTH'--- LEG'L TURNS 
I I I I 3 ~ ""5 0 "6~ (LS J 
2 2 2 I. ~ 15~ "25 ( ") 

APPROAC~ NUMijEH .-------------_.---
APp~OA(H AZI~UT~ _._ ••• _........... 9~ 

8EGINNING CENTERLINE x COOHOINATE -
~EGINNI~G CE.TE~LINE , COORDINATE - 53" SPEED LIMIT (MPH) ._. ____ ._________ 55 

~UM~ER OF DEGREES '0" ST"AIG~T ---- 2~ 
NUMBEU Of OE~~EES F(I~ IJ.Tll~N _ •• _.. I~ 

~UM8EH OF L'~ES -_ •••• - •••••••• -- •• 
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2 " • 12 ~2· ~ 5i1~ 
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~s 1"1 ANO CAME"UN "UAO _ LEFI ANU RIGHT IURN HA'S - SU~UR8AN OFF·PEA. 

~P~Wf)AC~ ~UMbl~ --------.-----.---­
App~~~Ch AlIMlIT~ ------------------
HEGr •• I'1i CE,TE"LI.E X CUUOlOINATE - 57~ 
REIiI,.I-1i CENTEHLINE Y COUHOINATt - ~ 
SPEEO LIMIT (ePM) •••• __ • __ • ___ ._.. ~5 

NUMRER IIF UE~~EES HIW ~IH.IGMT --.- 2~ 
.'UM~E' (JF rIE~OlHs FO~ U·l~H" ------ I~ 
NU~ijE~ OF LANES .-.--------------.- ] 

LANE 
I 
2 
J 

IL IMLN "IUTH 
7 1 I ~ 

.-.LANE GEOMETH'---
~ ~85 ~ "85 

LEGAL 1 URNS 
(L ) 

6 I> 15 ~ ~85 ~ "85 
q q I" ~ .. 2~~ "25 

APPROAC~ NUMijER _.------------.--.­
APPROACH AZIMuTM •• -----.---._ •• _.­
HGIN"IN(; CENTERLlN~ X COIiHOlNATE -
BEGINNING CENTEHLI~E Y CUUHOINATE -

SPEED LI~IT (MPH) ----------------­
NUMRE" OF OEIiHEES FOR SIHAIGHT ----
NUMHEH OF OEGREES FOO U-T~RN ------

NUM~EH 0F LANES -------------------

" 21e 
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101 517 II 511 
~ ~ 15~ 471 

APPROACH NUM8ER ___________________ 5 

APPROACH AZI~UTH ___ • ____ • ____ ._... 0 

8EGIN,ING CENIENLINE X COU~UINATf - 5b5 
~EGIN'I~~ CENTENLINF • COOHDINATt - ~.~ 
8~EEu LIMIT (~PH) .~.-. __________ •• "5 

NUMBE" 0' OEGRffS 'OM STRAIGHT ---- 2~ 
NUM~ER OF DE.REf8 'OR U-TUHN ------ I~ 
NU~8£w O~ LANES _________________ ._ 2 
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S ) 
") 

LAN~ IL IALN -IDT~ ---LANE GEO"fT~'--- LEGAL lU~N5 
I 14 ~ 13 ~ .85 II "8~ (L8) 
2 15 "I" "- 2b0 .~5 "85 ( ") 

APP~OACM ~UMdE~ ••••••••••••••••••• b APPROAC" AZIMUTH ______ .___________ i17~ 

BEGIN'I-G CENTFPLI.E k cnUHOINATE - 537 
~EGIN'I'b CENTE"LI_E , con~~INA1E - b"o 
SPEflJ LIM I T ("PM) ----------------- 55 
liu~~l~ UF DEG~EES ~r)R ST~AIGHT .--. ~~ 

"UM~E" OF DEIi-EES FOOl U-TUHN ------ I~ 
~U~~E~ ~~ LA~lS --------_._._------ ] 
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APP~o'C~ ~U~ME~ ••••• ---••••••••••• 
APPWUiCH 'lt~U1H ------•••• ---••••• 
rlfGIN~ING CENTE~LINr • CuOkOINATE -
~EGIN~IN~ CENTEPLI~E I (DUNOI •• TE • 
SP£fO Ll~IT (MPHI ••••••••••••••••• 
NU~~EN OF DEG"F.ES FOo ST.AIGHT •••• 
.U"6ER u. DEGNEtS FaN U·TUNN •••••• 
NUHH[W Of LANtS .--•• ----••• --••••• 
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8EGINN!NG CE~TENLINE x couNOINATE • 
~EGINNI~G CENTERLINE Y COORUIN.TE • 
SPf~O LI"IT (~PH) ••••••••••••••••• 
NUM8ER OF OEG~EE' FOQ ST~.lGHT •••• 
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NUMe[~ of L'N~~ •••••••• __ ••••••••• 
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ARC NUM8EA •••••••••••••••••••••••• 
CEHTEN • COOROI'.TE ••••• - ••••••••• 
CENTE" I COUHOIN'Tl ••••••••• - ••••• 
~EGINNING 'll~U'H •••• --••••••••••• 
S~E(p ANGLE ••••••••••••••••••••••• 
~.DIUS uF .~( ••••••••••••••••••••• 
HUT'TION FWUM BtGl"ING AlIMIJT~ ••• 

,~t NUM8E~ •••••••••••••••••••••••• 
CENII~ • COUNOINATE ••••••••• - ••••• 
CENTE" I COORIlINATE ••••••• - ••••••• 
dEGIN~lNG AZIMUTM ••• - •• - ••••• --••• 
SwEEP .NGLE .-••••••••••••• - ••••••• 
R'DIUS OF .NC ••••••••••••••••••••• 
HOT.TIUN FMOM BEGINNING 'lIMUTH ••• 

AHC NUM8t~ •• _ •••••••• -._-••••••••• 
CENTEH • COOROINA1£ ••••••• --•••••• 
CENT(R Y CUuHOINAIE •••• --••••••••• 
afGINNjNu AlIM01~ •••••••• - •••••• -. 
S~EEP ANGLE ••••••••••••••••••••••• 
~lOluS Of A~L -.-----••• - •••••• ---. 
wUT"In~ FNn~ riEGI~'!I'4G lZi"UTH .--
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75 

Cl(jC~·lSE 

2 
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RAj\IuS (1' AWC ••••••••••••••••••••• 
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~lGINNIN~ AZIMUTM ••••••••••••••••• 18~ 
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~OTATIO~ FRUM 8tGI'NING 'll~UTM ••• 

q 

b5] 
7~5 

18~ 

Q~ 

75 
CLOCK-ISE 

AKC ~u~~t~ -.-_ •••••• ----••• --•• --. l~' 

CtNTEH x coo~nINAr€ -----••••••• --. ~SJ 

CENTEu ~ cua~ul~A1E .----••• - •• ---. 7~~ 
HEbT~~IN~ 4ZI~orH ---•• - •••• ---••• - 18~ 

S~tE~ A~hll -.--•• ----•••• ----.-.-- Q~ 
~4~iU~ IJ~ l~C _._. ___ ~.____________ a\ 

~tJTATlll~ FH'O,., kfr;lfll<olf'lb AII"'Uft1 ._. C\"uC,("ISE:. 

w 
a­w 
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A~l r..lj,"111~ t" •• -.--------.----.------
CENftR • CUUNlil,aTE ••••••••••••••• 
CENTER' CuONOIN.TE ••••••••••••••• 
HEGIN~ll~~ AZIMUTH --------- ... -----­
S-FEP '~GLE ••••••••••••••••••••••• 
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R.~lub ", ,RC ••••••••••••••••••••• 
ROT'TIQN FHOM BEGINNI'G 'ZIMUTH 
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CI.OCK.ISE 

.~c NUMBER --------------------- •• -CENTER X COORDINATE ••••••••••••••• 
CENTER , CUORUINATE ••••••••••••••• 
~EGIN.ING AZIMUTH ••••••••••••••••• 
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RAVIUS OF AWe ------------------._. 

IZ 
U'I" 
,10 
IU 

·160 
3. 
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CENTfR x COOROIN.TE ••••••••••••••• 5b5 
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END , COOROI •• Tf •••••••••••••••••• ~~~ 
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ST'~T r CnOuOIN'T~ •••••••••••••••• 
END. cnuROINATE •••••••••••••••••• 
EI'<JO Y crlul-IOlr,ATf - ________________ _ 

LINE NU~BE~ --._.-••• -------_.--._-
5T.RT X cooRoIN'Tl •••••••••••••••• 
STAHT , COOROIN'TE •••••••••••••••• 
ENO X COUROIN.TE •••••••••••••••••• 
ENU r CnURDINATE •••••••••••••••••• 

TOTAl. NUM8E~ DF I.INES. u 
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TA81.E LISTING OF OPTIU~5 AND .DOITION.1. DATA 

PI<IMA~' PATHS 5EI.ECTED 

PLOT SEI.ECTEO USING INK PEN 

APPHUACH p.THS PI.OTTEO O~ T~E S'M~ FR.ME 

'PPROACH 8CAI.E F.CTOR FROM INPUT IS .~ FfET PER INCH 

I'TEOSECTIU- 5C'I.E FACTOR FROM INPUT IS .~ F~ET ~ER INCM 

• STR'IGHT I.INE -11.1. ~E USE v FUH • P'T~ _ITH • R'OluS GT 5~0.~~ FT 

PROGR •• CHEC~5 TO SfE IF THE CENTER TO CENTER DISTANCE 
~ET-EEN VEMICI.ES BECOMES I.f58 THAN ON EGU'1. TO 10 FEET 

PLOT PAP~~ .IDT~ • )2 INC-ES 

APPHUACH SC'I.E FACTOR TO BE U5~0 IS Z~~.~ FEET PER INCH 

I'Tlk~lCTION SC'LE F'CTOH TU ~E USED IS "~.0 FEET PE" INCH 

r.~I.E I.ISTIN~ IJF PAlHS 

P.TM I GOES FRO" I.ANE I OF .PPHOACH 3 TO I.ANE I OF APPROAC~ b 
I.E,'~T~ UF PAT~ a IU'I FEET .ND SPEED OF PATM • Z~ FEET PEH SECUNO 
'U"~EN OF CONFLICTS. II 'ND TURN CUOE FOH P'TH IS I.EFT 
CU'-FLICT EIJT"' ",,""E"5 UkUEHEW B, DIST"CE OU_N T~15 PATH '~E 

"1 ~ i I 8 I" 7 5 
II 

PATH l ~uES FkUH LANE 2 UF APPkO'CH 3 TO I..ME I UF APPROACH 5 
L~.~T~ UF P.TH • IO~ FEET 'NO SPFEU OF P'TH • • q FEET PER SECOND 
NU"bE" u, CU,FLICTS • II AND TU~N COUE FUH P.TM 15 ST.AIG"T 
C{Jl'<jf.LICT t"'T .... y "'11""I:H:~S UI-IDE~EC ~y tJl::dANCE DU .. ", THIS PATt1 A~E 

Ib I~ I~ 17 I" 13 I~ 2" 21 22 
12 

o W 
0\ 
~ 



GEOMtT~v ~~(JCfSSU~ ~l'U THE TEaAS Tw£FfIC SIMlJlATIIJN ~AC~AbE ~'~l 

uS 183 .NIl C'"E~lJN "U'O - LEFT "0 "IG~T TURN dAYS - SU~U~H," OFf-~EA. 

PAT~ 1 G~ES Fj.(U~ LA~~ / ~F APP~UACH J TIl LAN[ 2 ~F APP~UACH b 
LEN~TM OF P.TN • Ibd FlET ,ND SPEED UF P.TM = 23 fEET PER sECO-U 
NU"BER DF CONFLICTS. II .ND TURN CODE FOR .'TH IS LEFT 
CU'FLICT ENT~Y NU~HE~S URDEHED BY UIST'NCE DO-N TMls P.TH .HE 

25 24 l~ 27 2q 31 23 32 28 2. 
33 

P'TH 4 GOES FROM L'NE 3 UF .PPRO'CH 3 TU L'NE 3 DF .PPRO'CH 6 
LENGTH UF •• TH • 1~7 FEET .NO SPEED OF P'T~ • 25 FEET PER SECUNU 
NU"BER UF CONFLICTS. ~ 'NO TURN CUDE FOR P'TH IS HIGHT 

P.TH 5 GOE$ FHOH L.NE I OF 'PP.o.CH 2 TO L,NE I OF .PPRU'CH 5 
Lf"GTH OF P.TH • 14b FEET '~D SPEED DF P'TH • 23 FEET PER SECOND 
NUMBER OF CUNFLICTS • II .NO TURN CODE FOR P.TH IS LEFT 
CONFLICT ENTRY NUHBERS ORDEHED BY OIST.NCE OOHN THIS P'TH .HE 

H 18 34 35 I 31 3q 23 ". 01 
12 

PATH b GUES FRUM L.NE I OF 'PP~O'CH 2 TO L.NE I OF .PPRO'CH 0 
LENGTh UF P.TH • 147 FEET .ND S.ElU OF P'TH • 21 FEET PE~ SECOND 
NU"HER UF CONFLICTS. Ii 'NO TURN CUDE fOR P.TH IS U·TURN 
CONFLiCT ENTRY NUMBE~S OkUEHED 8Y DIST.NCE OOON THIS P'TH .HE 

47 "1 4q "5 2 I" 13 40 Q8 oQ 
42 5~ 

p.TH 7 GOES FHOH L,NE 2 UF .PPHO'CH 2 TO L.NE I OF 'PPNU'C~ 8 
LENGTH UF P.T~. q0 FEET 'Nn SPEED OF P.TH • 81 FEET PER SECgNO 
NUMBEH OF CONFLICTS. ~ .NO TURN CODE FOR P.TH IS STH'IGhT 
CONFLICT ENTRY NUMBERS ORDERED 8Y 018T.NCE DOHN THIS P.TH .RE 

53 51 3 15 Z4 50 ~2 55 

PAT" e GOES F~U" L.NE 3 OF .PPHO'CH Z TO L,NE 2 OF .PPHO'CH 6 
LENGTH OF P.TH. q~ FtET .NO SPEED OF P.1H • 81 FEET PE~ SECOND 
NU"BEH uF CUNFLICTS. 5 'ND TURN CODE FOR P'TH IS STR'IGHT 
CO-FLICT ENTRY NUMBERS ORDEREO 8Y DIST.NCE OO~N THIS P'lH .RE 

50 57 0 10 25 

PATH q GOES FROM LANE 0 UF APPHO.C~ 2 TU LANE 3 OF APPRO'CH 7 
LfNGTM uF P.TH • 1~7 FEET 'NO $PEEO OF P.T~ • Z5 FfET PEH SECOND 
NU"AEH 0' CONFLICTS. ~ 'ND lURN COUE FOR ._TH IS ~IGMT 

P'T~ I~ GOES FNO~ L,NE I OF .PPHO_CH I TO L'NE I OF .PPRU'CH 
LENGTH O~ P.TH • lb. FEET 'ND SPEEu UF PATH' bO fEET P[~ SECUNU 
NU"BER OF CONFLICTS. 13 'NO TUR" CODE FOH P'TH IS STR.lGHT 
CONfLICT ENT~Y NUH~ERS ORDEREO 8Y DIST.NCE DOWN THIS P.TH .RE 

03 2b 02 42 5 00 56 3Q 01 03 
51 S. 5q 

P'TH II GOES F~UM L,NE I UF .PPHO'CH I TU L.-E I UF .PPRO'C" B 
LENGTH uF P.TH • 157 FE~T .ND SPEED UF P'T~ • 23 FEET PER SECUND 
NU"HER OF CUNFLICTS • I" ,ND TURN CUOE FOR P'TH IS LEFT 
CONfLICT ENT~Y NU"HERS URDEHED ~Y UISTANCE DUw. THIS •• TM .~E 

~B 2~ 07 4" 05." 35 .5 • 
17 27 ~2 00 

f ... t::IJ"":.I~V !-ltJuCf5~()f./ FI'I'( ll1l IlaAS fIo(AF""l( S!I"IUlA'Jlfrl !-lAC"'A(i~ ~AGl 

u~ IHj AN!) (A~E~~N ~llAO _ L~FT ANU ~I'HT TUk~ hAYS - S~~t'lo(dAN OFF-~~A~ 

!-lATH 12 GUE.S Fk'C''''' L~"'E i OF .6P!-l~IIACH I 1U LAN~ 3 UF APPk'UAC'" b 
LE·'t.T~ UF P.T~ •• 10 fFE T .... [, SPEED UF ~"" = 2~ FEET Pl" SECONU 
NU"BER UF CONFLICTS. "'NV TURN CUDE FUR P'TH IS RI~"T 

~ATH 13 ~UES F~U" ~'NE I UF 'PPHU'CH 4 lU L'NE I UF .PPHO'CH 
LEN~'~ OF _.TM • 138 FEET 'ND SPEEU UF P'T~ = l~ FEET PER SECUNO 
"U~BEH OF CONfLIcTS. 12 .ND TUR~ CuDE FOH P'TH IS LEFT 
CONFLICT ENTRY "UMBEkS U~OERfD "Y UIST'NCE UUON THIS P'TH .RE 

2q IB 37 4b B b4 5S 3b 47 51 
~7 5q 

P'T" I" GOES FRU" L'-E I OF 'PPRD'CH "TU L'NE I DF .PPROACh 6 
LENGTH OF P'TH • 1"7 FEET 'N~ SPEED UF P'TH = 21 FtET PE" StCONO 
NU"~EH gF CONFLICTS. Ib 'NU TtJ~N CUDE FUR P'TH IS U-TURN 
CONFLICT ENTRY NUMBERS UROEREO BY DIST.NCE DDWN THIS P'TH .RE 

11 2. 39 "8 I~ 05 hd lB 01 4q 
9 Iq 3~ 54 S5 b~ 

P'TH 15 GOES FRU~ L'~E 2 ~F .PPHO'CH Q TU L.NE I UF .PPRO'CH b 
LENGTH OF P.TH. 5b F~ET 'NQ SP~EO OF P'TH • 81 FEET PEH SECOND 
NUHMEH OF CO~FLICT~. 7 .ND TU~N CUOE FOR P'TH IS STH'IGHT 
CONFLICT ENT~Y NUM~ERS UROERlO ~Y UIST'NCE ~U •• THIS P'TH '~E 

21 "~ 32 b7 bZ 5~ II 

P'T~ Ib GOES FRO" L'NE 3 gF .PPRO'CH "TU L'~E 2 UF 'PPRO'CH b 
LENGTH OF P.TH. 5b FEET 'NQ SPEED OF P'TH • 81 FEET PER $~CONU 
NU~BEH OF CONFLICTS. 5 '~O TuRN CODE FO~ P'TH IS STR'IGHT 
CONFLICT ENTRY -UHHERS UROEHED ijY DIST.NCE UO.N THIS P'TH .RE 

22 "I b3 08 33 

P'T" 17 ~uES FRO" L.NE 4 0' .PPHO'CH "TO L.NE 2 OF .PPRO'CH 5 
LEN~T~ OF P.T~ • 1"7 FEET .NO SPfED OF P.TH = 25 FEET PER SECONU 
NUH~EH UF CONFLICTS. d 'NO TUHN CuDE FUR P'TH I~ HIGHT 

TOT'L NUH~ER OF P.THS C'LCUL.TED ~ 17 

T'dLE LISTIN~ OF CO~fLICT$ 

CUNFLICT P'THI P.,"Z APPRI 'PP~2 DI~TI UISTZ .NGLE INOEXI INDE_2 

I 
2 
3 

" '> 
b 
7 
~ 
q 

U 
II 
12 
J3 

[ " 
15 
10 
17 
! ~ 
I Y 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2 
t!. 
i 
2 
t!. 
2 
2 
C 

5 
b 
7 

" I. 
II 
II 
I J 
I" 
I" 
15 
~ 

o 
o 
7 
d 

II 
11 
H 

3 
3 
1 
3 
1 
3 
3 
J 
3 
3 
3 
1 
3 
~ 
J 
1 
J 
1 
1 

Z 
2 
2 
2 
I 
I 

" " 2 
2 
2 
2 

10" 
bB 
H 
21 

IZ7 
47 

IZb 
I~· 

31 
III 
14q 
15q 

q9 

8 I 
H 
~I 
lY 

! I_ 

J" 

q~ 

04 
5S 
55 
3q 

118 
39 
25 

III 
20 
5b 

I"b 
q8 
At!. 
b7 
b7 

11Z ,q 
IZb 

21 
25 
q~ 

q" 
23q 
132 
21b 
2b3 
115 
Z08 

~ 
I 

l"q 
11 
q5 
ql 

123 
25. 
I~" 

b 
5 
2 
I 

10 
4 
q 
7 
3 
8 

II 
II 

o 
S 
t!. 

5 
5 
1 
1 
5 

Id 
5 
~ 

II 
5 
7 

II 
1 
o 

" II 
C 

Ii 

W 
0\ 
Ln 
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r.EO"fTwy P.luCE'So" F"" T"E TnA$ T~HF!C SIMuLAnO/, PiC,AGE ~.C;E Q (J\ 

(J\ 

us 185 iND C."[80_ N\.IAO • LEfT AND RIGHT TURN aA.S • SURUNiji. uFF·PtA' 

<'It! C 14 ~ a III 1'1 2'>2 ~ iI 
il 2 1'5 ~ a 12t> 2" 21b 'I I 
a. iI It> 5 ~ 138 2" 214 II' I 
?l .\, !> .\, l IHI 111 47 1 8 
24 j 7 .\, 2 51 bH 'II! 2 ~ 

25 5 1.1 3 C 21 b8 '1~ I '5 
21> 3 I~ 3 I 1"1 2'5 241 10 2 
27 3 II .\, I 38 134 11'5 4 Ie 
28 .\, II .\, I 14b 2b 24b 'I 2 
2'1 3 U 3 4 115 12 282 '5 I 
3<1 1 III l 4 H 121 '17 1 11 
31 1 14 1 4 110 Il 284 10 I 
52 5 15 3 4 112 25 120 8 1 
n 3 110 1 4 Ibl.l 5b ~ II '5 
3A '5 I~ 2 I 40 Iill 13'5 3 a 
3'5 '5 II Z I 4'1 '1'5 121 4 8 
56 '5 Il 2 4 31.1 8" 132 I 1.1 

H '5 Il ;.> 4 '110 2Z Z3b b 3 
38 5 U ;.> 4 38 84 U7 2 1.1 

19 '5 14 Z 4 91 22 2"0 1 3 
40 '!Ii Hi 2 4 113 21 Z70 'I 2 
41 5 10 2 " 12~ 21 27d 10 2 
"2 b 10 2 I lil8 31 Z"Z II 4 
43 0 10 2 I 37 112 118 Z U 
44 0 11 2 I In 18 Z40 U 4 
.5 0 II 2 I 5'" 105 UI 4 'I 
40 0 13 2 4 108 Z3 110 8 4 
41 0 13 ;.> 4 30 '10 115 I 'I 
.III! 0 14 i.' • lilQ 23 Z14 'I • 
49 0 14 2 .II 416 '12 80 3 110 
506 b 15 Z 4 I "It! 47 347 12 b 

51 7 I" 2 I 30 121 "I 2 II 
52 7 II Z I '10 1'51 0 1 13 
53 1 13 ;.> " 15 10'5 'Ii! I h! 
54 7 14 Z 4 73 131 0 0 14 
55 1 I" Z 'Ill 147 I! 1.1 IS 
So 8 U C 55 13'1 'II I Ii! 
57 !I 11 Z 15 117 '1101 Z II 
58 Iii 15 I 71 48 10 1 7 
5'1 III Il I Ib" 1311 ~ Il Ii! 
olll h! 14 I 4 0" 44 i!9 b 7 
bl III 14 4 105 81 Hz 'I 'I 
102 110' 15 " H 1b 119 3 5 
b] 10 10 4 21 3'5 1.19 1 1 
104 II Il 4 b7 U il 7 10 
b5 II 14 4 b2 41 34 10 10 
lob II 14 • 151 1.7 0 I~ 10 
1>7 II 15 4 H 55 q~ 1 • 
b8 II II> 4 21 15 9~ I 4 

TOTAL ~U"rltN Of t0NFLICTS • 1>6 
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us l63 AND CRMEHON RORD - L~fT RND HIGHT TUHN SAYS - SUBURe&N Qff-PER~ 

SCRl( FACTOM ls eoo.O FtET P£R INCH 
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us 18J RNO cAnEnON nOAD - LEfT RND "l~Hr TUHN BAYS - SU6unBAN OFf-PE~ 

1 , 

+ 

+ 

+ 

I iY 

/ 
I l--r-+---i 

~CALE FRCTa" 1£ 'la.[J FE:ET PER l~C.H 



3f·Q 

us 183 RND CRnEnON ROAD - LEfT RND nIGHT TURN 8RYS - ~U6U"6AN Off-PERM 

1 

-r 

I~ 
~CflLE FReTO" 15 40.0 FEET PER lNCH 
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~5 lA3 AMU tA~~~n' QUAD - LfFT AND RI~~T TU~N BAYS - SUSURaAN CFF-PEAK 

LISTING OF JNROu .... O APPROACH Nl'!08ERS 

'3 
2 
1 
<l 

LISTING a~ OUTBOUNO APPROACH NUM8ERS 

S 
b 

7 
8 

TOTAL 'HjMkF" OF OUTI'OUNO APPFH1AO'E,~:: " 

TOTAL ~UMHfR uF I~ROUND AND OUT80UND APPROACMES. 8 

nwIVE~-Yf~ICLE P~UCESSOR OPTIONS 

Tr"'~ FfiR GFNl'fHTI"'r, Yflo1ICLES (MIN) ___ a 12 
MI~I~UM HEAa~AY FOR YEHICLES (SEC) ._-- 1.0 
",u~BER OF VEHICLE fLASSfS -------.----- 10 
NUMHfR O~ DRIvER CLASSES -------------- 3 
PERCF~T n. LEFT TU~~S IN ~EOIAN LANE -- ~~. 
PERCF~'T r" Io(TGMT lUI<"JS }lJ CURB LANE --- II", 

TUlLE II LISTING OF APPRO ACMES 

APPRPACti I'J!IMBER __________ ._._._ •• ___ ._ 

APPHCAtM AZI~UTH ----______ • ___ • ____ ._. 
NU~ij~A OF '.ANES --__________________ ._. 
~U~AtN OF OEGREES FnR STRAIGHT --_____ _ 

HEAvwAY ~ISTRIBUTIO'" ~AME .------------EQUlvALENTL' HOURL' VOLUME (VPH) _____ _ APPRnACH MtAN SPEED (MPM) - ___________ _ 

~PpRrACH 85 PERCE~TILE SPEED (MPH) ----
nuTBOU~D APPROACH NUM6FR ----_____ _ 

PERC'NT GOING TO 0UTRDUND APPROACHES __ 
USER SUPPLIFD PfRCE~T OF VE~ICLES -----

VEHICLE CLaSS ~uM6ER --------_____ _ 
uUk SIIPPLIED P[RCf"-T OF IJE~ICLES ----­
PERCFNT OF TRAFFIC E~TERING ON LaNE 1 -
PE~C~Nt OF TRAFFIC ENTERING ON LANr 2 -

1 
180 

2 
2., 

NEfiEXP 
150 

" ... 1Il 
115,0 

S 
fa 

YES 
1 

15.3 
100. 

-0 

2 3 5 
49.2 c.S 4.0 23,4 
(MEDIAN LANE) 
(CUR8 LaNE) 

b 
.8 

7 6 
,8 

\>< 
? 
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PAGE 2 

IF-PI'/CH I-< NU~''''ER -------------------_ ... 2 
APPI'I(1Ar!o< All~UT~ ...... ----.. _----_ .... ql' 
"IlI"'I;~1o OF l AI ~ S .-._ ... -----.-._------- iI 

"'U"H~~ Il~ rlEGf1~ES ~(1f1 STRAIGIoiT _.-.---- 2<1 
,",£A!")~.y r'ISTR!BUTlON NAI'1E _ .. -._ .. _---. 1.0GNIlML PARAMETER • 1.>"0 
EOUIVAl.flHLY HOURLY VOLur~E (VPI'l) .. ---- 383 
APPRrA(1-< "'£ A' S!'Hn (I"P,", ) ------.... --. 5<'1.0 
"PPI/PAP' 6~ PEIICE"'TIL f. SP£Efl (MPH) ---- '55.0 

ouTHllINfJ APPPOACIoi NU"SEfl .-.-----.. ~ " 7 8 
PERef >';T GOING T(J nUTBOl'tJ/., AP!'ROACHES -- 7. 0 8. 85, 
USE" 5"P "L I EI' I'f.I<Cf'I,T OF VEio;ICLES .--.- HS 

I!FI-<ICU CLl.S5 NW~BfH ----------.... 1 2 1 iI '5 " 7 B tj IV! 
lISER !'tIiPPLIF.n Pf"C.E',T ClF Vfio'1CLES ---.. q.7 36,11 1"." Q,iI 31.3 3.2 3,;:\ ,7 .2 ,'5 
PEPn··T OF TRAFF Ie !:~JTERINr. 0"1 LAM I - -0 ("'EOIAN LANE) 
"ERCf"'T OF TfJAFFIC ENTER!N" nN I.ANF. ? · 115. 
PERep T IlF TfiAFFlC fNTfI1INr; 0'" LANf 3 · '55. 
PE Rn -'1 n~ TRAFFJt f,., TF. RING C'" LANE. Q - -I" (Cl)R~ LANE) 

APp"rAeH "pU'F::P 
____ w ___ • ______________ 

:5 
API"~r"~r:H A7 r"""TH --------------.------- II 
NlI .... flEI- OF LAt-:ES ------~-.. ---.. --.----- :5 
"'u."lf>l OF I'IEGwn:5 rop 8twA1(;I<T .-----.- 2i'> 
"f:A[l .. AV flIST!<II:<UTI()N r-.A""E ----.... ----- NEGf.xp 
~ljilIV~',E',TI v ftnU~LV VOtu"IE rVpH) ------ 17., 
AP~''''r'AC''' f'F A', SF'Ffn (MPH) -------_.---- 11\\,0 
AP~h'r.AC ... Ij'> PE~CFt·TlU: SPEEr" ("'PH) ---- lJ!:i.0 

rl'Hl(IUI) APPFluACH "U"'!!F R ---._----- 5 0 7 8 
"fh'(f NT Gul"G TO OliTE\OUNO APPHOAC"ES -- 2/). 03, I!I tt. 
I 'SF f< SlrfJPL IF::f') PFileFNT o~ VEr<ICLES --.. - YFS 

"H'ICL! [LAS!'; 'HiMAF. " ------.------- I ? 3 " 5 b 7 1\ Q II' 
'ISFII ,,)1,PPLIfo.[' PERCENT t)~ V'HICLES ----- q. I 5Q,II Q.8 7,0 13.1 .7 " .7 .. v, 
pE>iU ",T ('F TPAFFIC ENHRING 1'/10 LANF_ I - 51. ("'~DUN LANE) 
PE"CE"'T (Jf' T'<AFFIC HITfRING ON L"NE 2 - QQ, 
p!,:PCH. T pF T~A~F1C ENHRl/IG nN LANE :5 - -r.- (CURf! LANfl 

APPIoI!'AC" ,olrMAE\< ---------.-----------.. /j 

APPRrACH AZl"'UTH ------_ .. _-_ ... __ .-... 271\ 
I'u"'h~ .. I)F LANES ._--._-_._-----------.. iI 
Nli"'l;f'i nF OF:GIlEES FOR STRA1r.HT .. _ .... - 2~ 
"EAI)~Av f:>ISTPIBUTIClN NA"'f ... --... -.- .... LOr.NRML PARAMfTEH = I."'" Er)!ll~ALE'!TlV HOU"!.V VOLUMe (VPH) ------ '5111 
"pPknACH ",/:a" SPHn (MPh) -----.------- 50.0 
APP"'IIACH >\"i PERCeNTILE SPEED (MPH) -- .... 55.V" 

rl.'TH'1!)t'D AP!'RGAC,", NUMBER .. _---... - ~ b 7 8 
PERO"T GO!N£' TO (JUTAOLINO .!."FROACHES -- 2i1, 73. 7, 0 
us!: k S!JPPL IE [\ PEI;CF"'T OF VEl" leUR ----- YES 

vi:HICLt CLA!,;S NUIo'BFI< ----_ ... ----.- 1 2 3 " S b 7 1\ q , " 
,-,SF .. SlrpPL I ED PERCENT ('IF VEI"ICLES ----- 8.B 37,Q Q,:5 3.0 34,2 2.7 2.7 .3 .3 • H 
PE"CENT ;lFo TlHFFtC E/lJTE.RING 01'. LAN~ I - -.. (MEDIA" LA"'E) 
PE"'Cr '.T L'F TRAFFIC ENHI<ING 0'" LANE ? - 31 • 
PE'''CHH IlF TRAFF 11': fNnRING ON L~"'F :5 - IIq. 
PE"'C~"T [1F' TPHF IC E.N TEI'I1 N(, 0" LANf II · -0 ( ClI1<8 LAN~) 

APC'~rACH "'IIHIII'P -----.--.-------.. ---_. S 
APz,l.(rACH J.lI,"UTio; --_._------_._-------- 0 
"'U"fH';' (IF I HoES --.----.---.-------_ ... 2 

A~P~~bCH NtJ~PER ---- •••••• - ••••••• _ •• __ b 
APp4r'AC~ AZI~UTH --- •••• __________ •• ___ 27~ 

~!~I~-HER OF LANES -- _____ •• __ • ________ ••• ] 

AOP~nACH idJ"'BER ---_ .... ___ ••• ___ ••• ___ •• 7 
AP~~rAC~' AZI~UT~ -._.----•••• _____ • __ ._ 18~ 

~U"RE~ Q~ LA~ES - .. - •• --___ • _______ ._... ] 
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1;,.,TIIF:Q-V!'Htr:LF f..'ldJ(ESSC'1< FOR TH£. TF.lUS TRU'FJC SI"'l'L.TIOIII PACKAGE 

US 11j~ At><(l r .... ERo'< ROAD - LEFT AND RIGHT TUQN BA'!'S -SUIIURIUN OFF-PEAK 

APPRf. AeM ,"'I'HlfR ---... -.--..... _-.----- 8 
APf..'Rf)M:" ~2'T"!lTH --------_ .... _-------- '1111 
Nt,,"'b!:'H ill' LU;:S -----.... -------------- 3 

TOTAl IHJ"K~ Q OF APPRliACHES II 8 

T~-lLF.: 5 V><lvER A "If) vEHICLE: CLASS CHARACTERISTICS 

USER StlPPL H.D DRIv~R CLASS SPLIT _.---- NO 
USER SUPi>LlEtl VEHJCLE Ci'<AHACTEPISTICS - NO 
US"R SIJPPLI EO rlHJvER CHARACTERISTICS _. "'0 

Vf.HI(:LE Cl ASS NUP'l8EfI ----------_.-- 1 ? 3 
VE!-IICLE I IIGO')T SUM"ARV REQUESTED ... _.- "'0 NO NO 

DqhER CLASS NllMflER .-.. -----_ ... -... 1 2 3 
DRIvER LOGOUT SUMM.RV REQUESTED ---_ ... NO "'0 "'0 

r')RlvER CLASS SPLIT (PPOGRAfo\ SUPPLIED VALUES) 

flR I Vf R ClASS NLJI'1RER .. _-.. ----_ .... 2 3 

vEHJCLI:. CLASS "'LIMBER 1 ... _----.-- 30.e JJ0." 30.'" 
vEHTru CLASS NUMBEP ? ---._--_.-. 3<'.0 35.e :50." 
VEf;J CL t CLASS ~'UMBHI 3 .. -._----_. 20.0 110.0 110. 01 
vE><YCLE CLAS8 NU"'ElEP ~ .-------_.- 25.e 50.0 25.11' 
~EHYCLE CLASS fWi'oBEIl 5 .--... -.... IH,.1!l 30,0 30.1i\ 
vf.rl(:\.E CLASS '<UMBER b ..... -_ .. _-- 51!l,0 1Iit'.0 111'.0 
vfHI('lt. CLASS "UI'BER 7 _.-.----... 51i\.1ii 110,0 10 .11' 
veHICLE CLASS NU"eER II ..... --- ... 20,11: 30.111 51'1,;.1' 
vtt'HLf CLASS NU"BEI< q ........ -... 25,e 5i'1.0 25.0 
Vf-"ICLE CLASS NUMBER 1~ .. -.----... 5kl.1.l 1I1!I.0 U,I'! 

vEHru. CHARACTfI; I!;T rcs (PROGRAM SUPPLIED ~ALUESl 

vt:"ICU CLASS NtWSEP --_._--------- 2 3 

If',GT'' OF VEf'ltLfS ( FT) .--.. --_._- 15 17 19 
VE" I (I E ('PfRil IIlt-JAL FACTOR -------- Ullil I 1 (A 11'" 
"'A)(I"U~ DECELERATION (FT I SE C ISH) . 8 11 11 
I: A X Ir~ ,)t. ACCELERATIO'" (FT ISEc/Sf.C) . {\ 9 11 
",AXI"''''' vELOCIH tFT/SEC) _.---_.-. 150 1'12 200 
"'Pl·II" TURNl~JG RADIUS CFT) ---.... 20 22 211 

~R!vER C ... A~ACTFR!STlCS (PROGRAM SUPPLIED VALUES) 

DRIVER CLASS NL~"ER ---_---_-_.- •• _ 

~~rV~R OPEI<ATIrNAL FACTOR -_--._--_ 
DRIVER RtACTION TIME (SEC) .-------

GENFRATION OF APPROACH HEAO~AVS 

3 

1 hI I'Hl as 
.51.11' 1.5 

APPNnACt- ':!STRI8lJTlON NUI'BF.Fl vOLUME INPUT 

jj 5 
NO NO 

II '5 

25 3~ 
tI1\l'! 115 

8 11 
8 6 

150 Ibll 
28 112 

PERCENT 
NUMHfP NA"E GENERATED GENH<ATED vOLUME DIFFERENCE 

J "EGDP llil 21'11'1 170 17,b5 
? LOGNR"L HI 381'1 383 -.78 , NEGE'J(F' 28 ll1e 1150 -b.b7 
IJ LOGNR~L Uti 530 Sill -2,03 

T(iTA\. 250 125O 12114 • Ill! 

b 
~'O 

b 

Sill 
'HI 
11 

7 
Ibl! 

110 

PAGf. 3 

7 

'" 
'I I" 

"0 Nfl tv (1 NO 

7 ~ 9 1~ 

<;5 2'5 315 I a 
75 'II' liS 115 
! 1 I'! 11 12 

b b 5 III 
15" IS\l 12':0 ('05 

<.15 2A 28 2'\ 



TA!!I f 

I:T1'Il; \If '<IClf [)ldl/t'R IIn.octTY (jUTBnl!~ID 

~7.<;Q 

lib. b" 
432.17 

r.Lh~S CLASS (FPS) 4PPPOACH 
I~f!OUNO LAf',f 
APPII(lACH r.O. 

l.OGOUl NOTE 
PRINT 

373 

~~all~A' LESS THAN I.e SECOND~ FROM PIIEvIOUS VEHICLE FOR THIS APPROACH AND IT~ LANE IS) 
r,E~EPATEr vI;HICLf. IGNORED 

TAAL~ I! q"AL APPPOACH vOLU"ES 

SPEC I AL VEHICLES GENERATED VEHICLES TOTAL VEHICLES _.-.. -.... --.--.-.-_.- ---_._-_.-.----------- ..... _-_ .. -_ ....... __ . 
APP"1J4C~ '-.UMHEj; FOk VOLU",E FOR NUMbER f'OR VOLu"'f FOR NUMBER FOR VOLU'"'E FOR II-PuT 

Im"lllk !;1MGLAT!UN 5 PIllL A TI ON SIMULATION SIMl/LATION SIMULATION SIMLILATl(," IIOLIJ"E 

J I' 

'" 
lIil 200 III'! 2011 IH' 

? " 
., 76 J6il 711 :SAIC '~"':5 

f' " 25 125 2S 12S is''' 
r ~ 11'16 S30 11<16 S3it. 5Ul 

Tl' r ~ L I, il 2117 1255 247 lil3S I"aa 

T"'~ If.T!:"SECT ION "'AS A JAM OE"'SITY OF 193 IIEHICLES PER MILE 

TABLF q STATISTIC!; 1"1' GENEIHTION 

U'PRnAC" STATISTIC') _.-_._--... _------. 
JPPHI),AC .... "', .. "'1f P ........ __ ...... _ .. ---- 3 

C")Tt>fJUr.I' H'PRUACH "'u"'8ER ----.. ---- r; 6 1 8 
PEIlCE'· T r.l1ItJr.: Tn {1UTBOl,"'r, APPIH1ACHES -- 25.e 61l.1il PI 15.~ 

v!:H!CLI.' CLASS NU"EIf '" -----_ .. - .. _--- 1 2 1 4 S b 7 " q 1,1 

GENfl;A1If'N PfRC'E:."T (IF ~EHICLES --- ... --.- 12.S S2.5 S.0 7.5 21"." III I! ".5 ~ ~ 

PERCF"'T (,F TfiAFFIr: ENTEHINr; ON LANE 1 - 42.5 (I<4EDIAN LANE) 
PEI1Cf"T (11' T"'AFI'1C E'<THING 01>1 LAN~ ? · 57.5 
PEI'IC'''T rF TRAFFIC FNTERING ON LANE :5 - P, (CURl:' lANE) 

API';;r 4C" "',IMPEH ...•.....•..•.••...•.•. 2 
r'IjTfH'lIJ~t) APPRflACH I>IU"I;ER •••....... S 6 1 !! 

PERCE "T GOING u; O(JT!!OUND APPROACHES -- I".S 0 6.6 82." 
-t",IClF CLASS NUM8ER .. __ •.....•••. 1 2 1 " 5 6 1 8 q 10.1 

GE',Er. A Tt 0'" HOltENT OF VEHICUS ... -_.-. !3 .2 34.2 11.6 5.3 26.3 l.~ 3." III I • .5 I' 
PERr:fNT I')F T~AFFtC E"HRIN(: ON LANE 1 - III ("'EDIAN LA"-E> 
PEI'ICp'T (IF TPAFI'IC E"'TERING ON LANE; 2 · 36,1'\ 
PEflCF"T nF TRAFFIC E~HH!NG ON LANE ] · 63.2 
PFIICF"T of TIHFFIt: ENTERING {]~ LANE 4 - P, (CURl! LANE) 

APp"rAC" "UI"t"ER .. _-•....•........ ----- 1 
r,uT8!'1!.I'·O APP!;(JACM r.UM8E R _ .. ---_ .. '" 5 6 7 1\ 

PERC~',T [;(11 ~iG TO OUTBOl)ND APPROACHES -- I! 16.1<1 a0,0 24.0 
'vE"1CLE CLASS NU"FlFP •...•.•...•.•• 1 2 3 II S 6 7 t'- q t" 

r,F."'FIHTlr'; PF.RCE~T OF ~EHICLES ........ 12.r 56.0 4.0 4.O 2A.1! 11.1/1 e " " " PFRt.F"l r)F TRAFF Ie ENTfRYNG ON L"NF I · 10".!!' {M!OlA N LA"'E> 
~ERnq (oF TRHF Ie E~.T!'RING ON LArvE ? - WI (CIJRb LANE) 
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DRIVf~-.f~JCLl PPoCESSD~ FQ" T~f TEXAS TPAFFIC 51~ULATIOh PACKAGE PAGE '!i 

us 1~3 ~ND CAMERON POAO .. LEFT AND RIG~T TURN ~AYS .. 5U~UR8AN OFF-PEAK 

IIPI'RrAC" /jllMRER _ .. -_.--------.. --_.-.. " f\IITeDUNI'\ APPROACI< "UM~lP .----_.-.- 5 0 7 8 
PERCE'· T GOI"G TO OUTMuN('\ 'PPROACtlE'S ... Iq.e 75,S tI.7 II 

vlt1ICU: tLASS NUMBER -----._---_ ... I 2 3 tI 5 & 7 " q \0 
r.E~lEkAl'ION PERCENT OF VftlICLfS ._----.- 5,7 17.7 6.& 1,CI '12.5 11,7 .Q " " 0 
PERCE.I,T OF TRAFFIC ENHRING eN LANE 1 .. 0 (MEOUN LANEl 
PERCf"T OF TRAFFIC ENTERING ON LANE 2 .. 51,8 
PERCE'iT OF TRAFFIC ENHRING DN LANE. 1 .. IH!.2 
PERCfr.T OF TI< AFF IC ENTERING o~, LANE II .. 0 (CURB LAt4El 

ORnFR CLASS SPUT STATISTICS 
--------------_._------------
DRIVE .. CLASS NUH8E~ ---_._---_._----••• 2 :3 

VEtlICU' CLASS NU""BER 1 ( 2/j 'IE") ZQ,2 2Q,2 111,7 
VEtlICLI' CLAII~ "UMBER 2 ( 101 VEtll 31 .6 10.7 H.7 
VE"'lcLF CLASS NU"'lIf. R 1 ( ! q VEH) Zo,l 52,& 21,1 
VEtll C L!: CLASS NUMI:IER (j ( U' \lftll JA,0 60,14 11.0 
VE"ICLf CLASS NU~!lER 5 ( 78 \I £Ion 1111,7 ]0,e 20.5 
IIEHICLf'. .LASS NU"'IJER tI r Q IIEH) tllI,/j lUI./! 11,1 
II!'I<ICLE CLASS NUMaER 7 ( a 'IE") 75,0 25.0 ., 
VEHICLE CLASS NUM8ER 13 ( I VEH) 1~",e I 0 
VEHICLF. CL,\SS NU"'SER Q C 1 \IE poi) 1110.0 " 0 
IIEHICLE CLASS NUMBER 1" ( e \lEH) 

'" 
\(I III 



••••••• PWTNT O~ FILE CAMSTM 2q NOV 77 21.28.25. PAGE • •••••• 
t 2 3 /.I 5 b 7 8 

'2345"7Aq~t?34567Aq~123USe78q~t2:3U5"'7Aq~12:345b7Aq~12311 5678qeI2:3U5b7aq~123U5b78q~ 
AA~AAAA~AAA~A~AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAA 

t c US 183 AND CAMERON ROA~ • SIX P~ASE FULL V ACTUATED ~ITH DUAL LEFTS 
2 c2.e~ ,~.ep- t.~A t~ 30 2.8~0 ~.8~~ U~~~ 7 NO YES NO NO 1.5e 2.50 
3 c5355S3S5355~3ttl\'111111 
u c 3", 
~ C I 
,., C 1 
7 C 1 
A c I 
q c 1 

11:1 c 1 
11 c 2 
\2 c 2 
13 c 2 
lU c 2 
\5 c 2 
Ib c 2 
17 c 3 
1@ c 3 
lq c 3 
20 c 3 
21 c 3 
22 c 3 
2:5 c U 
2U c II 
25 c U 
i" c U 
27 c II 
28 c U 
29 c 5 
3Q1 c 5 
31 c 5 
32 c 5 
33 c 5 
3U c S 
35 c " 
3b c b 

II 

A P UN!i A R A R A R U /J S A R A R 11/01 S A R A R A RUN S 
AA 

AR UN8~R AR ~R UNSAP AP UN!AR AR AR UNS 
AA 

AH UNSAP AR AR UNS~R AR UNSAP AR AR UNS 
AA 
AP 
AA 

AA 

AR UNSAR AR AR UN!AR AR UNSAP AG AG UNS 
AA 

AA AA 

AP 
AA 

AR UNSAP AG ~G UNSAR AA UN!AR ~R AR UN! 
A~ 

AP 
AA 

AA AA 

AR UNSAR AG AG UNSAR AR UNBAR AG AG UNS 
AA AA AA AA 

AG AG 
AG AG AA AA 

37 c b 
38 c b 
3q C b 
/.I~ C t­
ute 
U2 c 
113 c 
44 C 2 

2." , 3.101 4."' p.~ 18. 1i1 ON OFF NO NO 

2.kI 3.'" 11.0 0.'" 15.111 ON OFF NO NO 

OR 

OR 2 

PHASE 1 
CLEAR TO 2 
CLEAR TO :3 
CLEAR TO 4 
CLEAR TO 5 
CLEAR TO b 

PHASE 2 
CLEAR TO :3 
CLEAR TO II 
CLEAR TO 5 
CLEAR TO b 
CLEAR TO 1 

PHASE :3 
CLEAR TO II 
CLEAR TO S 
CLEAR TO " 
CLEAR TO 1 
CLEAR TO 2 

PHASE II 
CLEAR TO b 
CLEAR TO 1 
CLEAR TO 2 
CLEAR TO 3 
CLEAR TO 5 

PHASE S 
CLEAR TO " 
CLEU TO 1 
CLEAR TO 2 
CLEAR TO 3 
CLEAR TO II 

PHASE b 
CLEAR TO 1 
CLEAR TO 2 
CLEAR TO 3 
CLEAR TO U 
CLEAR TO 5 

5 2 :3 USb 

0; :3 'I 5 b 
yyyyyyyvyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 

123 U 5 b 7 8 
1~3u5b78q~1234Sb7Aq~12345b7Aqpl?3115b78q~123jj5b78q012311 5b78QA123USb78QA123USb78QV 
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1 
2 
3 
U 
5 ,., 
7 
8 
q 

1111 
t 1 
12 
13 
1" 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
2b 
27 
28 
i9 
30 
31 
32 
33 
34 
35 
3b 
37 
38 
39 
U0 

" 1 112 
U3 
Ujj 

I.".J 

" VI 



******* PRINT OF FJL~ CA~SIM 29 NOY 71 21.28.25. PAGE "2 ****IIr*IIr W 
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Q\ 

I ~ ! 4 5 e 7 " 1?3a5~7RQ~12311567R9~1234507Aq~!23U507~9~12!Q507A901~3U5078901~3u507Aq~123U5b7~q~ 
~~~~~A~~~~~A~~~~~~~~~~~~~~~A~~~~~A~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A~~ 

liS < 5 e > 45 
40 < 3 2.'" I ,0 3.1:'1 !<l,II! 10.0 ON OFF NO YES AND 2 5 u 5 0 2 > 46 
117 < ~ 7 > 47 
4A < 1.1 2.0 1 ,~ 3,1l 0,0 It'I,'" ON OFF NO NO AND 2 5 6 Z 3 5 > 48 
49 < 7 "2 > 119 
50 < '5 2.0 1 • ~ 3,i<l 0,0 U".0 ON OFF NO ~O ANO 2 5 0 234 ,. 50 
51 < 2 -7 

,. 51 
52 < b 8.~ 2.0 5.0 fIJ.1iI 3l'.0 OFF OFF NO ~O OR 10 5 2 3 u 5 ,. 52 
53 c 3 /I 8 9 10 11 12 13 14 15 ,. 53 
54 < 15 > 54 
55 < 1 PRESENCE 410 lI8P. 1 1 1 > 155 
50 c '2 PRESENCE /J711 5211' 2 I 1 > 5& 
57 < '] PRESENCE 470 52"" 2 1 2 ,. 57 
58 < II PRESFNCE. 1.17C'l 1520 2 I 1 ,. 58 
59 < 5 PRESf,NCE 'In 4se 3 I I ,. 59 
&0 < 0 PFI~SENCE 41V 480 3 I 2 ,. Mil 

el < 7 PRESENCE 490 537 4 1 I ,. U 
n2 < 8 PRESENCE lIqlil 537 4 t 2 ,. 02 
03 < II PRESENCE 1.111" 537 4 I 3 ,. 63 
&4 <10 PRESENCE 347 353 2 I 2 3 RIPPLE DETECTORS, APPROACH 2 > 64 
05 <tt PRESENCE 197 203 2 2 2 '] RIPPLE DETECTORS ,. 65 
&6 <12 PRESfNCE 47 53 2 '2 2 3 RIPPLE DETECTORS ,. 0& 
07 <13 PRESENCE 307 373 4 2 2 3 RIPPLE DETECTORS, APPROACH 4 ,. &7 
e8 <14 PRESENCE 217 221 4 2 I 3 RIP~Lf DETECTORS ,. be 
oCJ <15 PRfSFNCf b7 73 4 2 2 3 RIPPLE DETECTORS ,. 09 

VVYVVVVVVVVVVVVVVVVVVVVVVVYYVVVVVVYVYVVYVYVVVVYVVYVVVYVVYYVVVYYYVYVVVYVVVVYYYYYY 

1 2 3 4 5 0 7 8 
1234567890123456789012345&7890123450789012345&7890123450789012345678901234567890 
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SIMULATION PknCEsSO~ FuN 1M! TEXAS T~AFFIC SIMULATIO~ PAtKAGE 

~S 183 AND CAMENG~ ~UAD - 51. PHoSE F~LLY ACTUATED wllH OUAL LEFTS 

A IUrAL OF b srG~AL PHASES 

11~~AL PHASE NOMSE~ ----.---____ •••• _ •••••••••• _ •••• 
I~ITIAL INT[H~AL eSfCONOS) -------------.--.------- • 
~tHICLt INTEk~AL (SECUNDS) -----.------------------ • 
AMSEN CLEANANCE INTER~AL (SECONDS) -----•• ------ •• - • 
ALL_REO CLEAHANCE INTEWYAL (SECONOS) -----_ •• -.-.-- • 
MAXIMUM E.T€NSI~N AFTtR OEMANO ON REO CSECONOS) - ••• 
SKIP.PH~SE S_ITC~ (ON/OFF) ------••••••• --•••• --•••• 
AUTO.WEC'LL Swl'C~ (O~/nFF) -----------•• ---•••••••• 
P'NENT/NI~ON MOVEMENT PHASE OPTION (YES/NO) ••••••• • 
OU.L LIFT OPTION (YES/NO) ••• _-_ •••••• - ••••••••••••• 
DETECToR CONNECTI0~ TYPE (INO/O~) •••••••••••••••••• 
NUHBEH OF DETECTONS CUN~ECTED TO PHASE -.--•••• - •••• 
NUMijEN 0' PHASES CLEARED TO ----.---•• -------.---••• 
LIST 0' PMA8ES CLEANEO TO -- •• ------------•• - •• --••• 
LtlT OF DETECTONS CONNECTED TO PHA8E - •• -.-----••••• 

SiGNAL PHASE NuMaEH •• -- •• -.---.-•••• ---.-.-------•• INITIAL INTEwvAL (6ECOhOS) -. ____ ••• ____ • ________ ._ c 

~EHICLE IN1ERylL (SECONDS) --._ •• _ •••• -.--_ ••••• _.- • 
'~ijER CLE'R'~CE INTtR¥lL (SECONDS) ••••••••••••••••• 
ALL.REO CLEA~ANCE INTERVAL (SECONDS) •• - •• --•• - •• -- • 
MAKI~UM EXTENSION AFTEQ OEMAND ON RED (S~CONDS) --- • 
SKIP.PHASE s~ITCH (ON/OFF) --.-•• _-_ ••• ---_ •• -----•• 
AUfO.RECALL SWITCH (ONlorF) ._ •• w ___ • __ ••••••••• _ ••• 

PARENT/MINOR MOvEMENT P"ASE OPTION eYES/NO) •• --_ ••• 
DUAL LE'T OPTION (YES/NO) - ••••• ---•• ---.-.-.--•• -- • 
DETECTOR CONNF.CTtON TYPE (AND/OR) •••• __ ••• __ •• _ •••• 
NUMij(~ OF DETECTORS CUNNECIEO TO ~HA6E --••••• - •• - •• 
NUMAER OF PHASES CLEARED TO ----_________ •• _. __ •• __ • 
LIST OF PHASES CLEARED TO ---•• ---••• ---.-•••••• - ••• 
LIST OF DETECTURS CONNECTtD TO PHASE .-•• --••••• --•• 

SIGNAL PHASE NUH~EH .-•••• -----.-----•• ---_._----.- • 
INITIAL INTER~AL (SECONDS) •• -----•• - •••• - •••••• - ••• 
VEHICLE INTERVAL (SECONOS) -----.---.-•••• --••• -.-•• 
A"HEw CLEARANCE INTEHVAL (SECONDS) -.-___ •• _._. __ ••• 
ALL-~EO CLE1NANCE I~TEHYAL (StCONOS) •• _._ ••••••• _ •• 
MAxIMUM EKT£N8ION AFTEN DEMAND D~ REO (SECUNDS) _ ••• 
SKIP-PH.8f S~ITCH (QN/OFF) ---- •• -----------------•• 
AUIO.HECALL I~ITCH rON/OFF) ---_.-.-•• - _____ ._._._ •• 
pAHENr/MINOR MovEMENT PHASE OPTION (YES/NO) --.---- • 
DUll LEFT OPTION (YES/NO) _____ e ••••• _ •• __ ••• ___ •••• 

OETEcrOR CON~ECTlun TYPE (AND/O~) •• -.-.---•• - •• -.- • 
"u~BER UF oETECTORS CUN~ECTEO TO PHASE _.-.--•• --••• 
NUMHER OF PHASES CLEAHED TU --.-.-.-.-----.---.--••• 
LIST OF PHASES tLE'~ED TO ••••••••••••••••••• - ••• - •• 
LISr OF OETECTORS CO_NECTED TO PHA~£ -. ___ • __ • _____ • 
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8IGN'~ PHASE Nu~~ER ----------.---.--._.--------._ •• 
INITIAL I~TENvAL (SEcnNUSI -------------.--•• -.---- • 
VEHICLt I~TE~¥AL rSECONOS) -.----.--------.-.------ • 
AMd~~ LLlAHANCE INTtNVAL (SECUNDS) • _______________ C 

ALL-~Eu CLEANANCE INTE"YAL (SEca,oS) -------.-••• -- • 
M"I~tlM ExtENSION AFIE'" I)EMA~I) U'" HEO (SEtONOS) .-- • 
S<IP.PHASE '_ITCH (ON/OFF) -----.----________ •• __ ••• 
AOTO-RECALL soITCH (ON/OFF) - ••••• --.-------•• -.--- • 
PA"E~T/~INOR MOVE~E~T PHASE uPTluN "ES/NU) ----_.- • 
nUAl LEFT uPTION (yrS/NO) --.--------------------_ •• 
l)trECft)k t(1~14FCTI~~ ,yp£ ('~I)/URJ .--. _____________ ~ 

Nu~aEw uF IllTECIUNS CO~NECTED IU PHA~E ._ •• __ • ___ ••• 
~OM6ER OF PHASES CLEARtO TU ___ .w_. __ .. ___ • ____ ..••• 
LIST OF PHAsEs CLEA~ED TO .--.-••• --.-------.-.---. & 
LIST UF OETECTOH5 CUN~ECTED TU PHASE - _____________ = 

SIGNAL PHASE NU~~ER ----•• _ •• __ •• _ ••••••• _._ •••••••• 
INITIAL INTEWYAL (SECU~OS) -_ •• _____ • ____ ••• __ • ____ • 
vEHICLE tNTEkvAl (SECONOS) •••••••••••••• _-•••• --••• 
AMSE~ CLEARANCE INTlRVAL (SECUNDS) -.---.-.-.-.---- • 
ALL·RED CLEARANCE INTENVAL (SECONDS) ----.--•••• --- • 
MA.I~UM EXTENSION oFTEN OE~AND ON REU (SECUNOS) --- : 
SKIP.PHASe SwITCH (ON/OFF) •••••••••• --.--.- •••• - ••• 
AUTO.RECAlL SwITCH (ON/OFF) ••••••••• _ •••••••••••••• 
PARENT/MINOR MOVEMENT PHASE OPTION (YEI/NO) -.-_._ •• 
DUAL LEFT OPTION (VES/NO) ••••• - ••••••• - ••••• - ••• - •• 
OETECTON CONNECTION TYPE (AND/UR) ••• - __ • __ • ______ •• 
hUMBER OF OETECTORI CONNECTED TO PHASE -----------•• 
NU"8EN OF PMASES tLEAREO to •••• - ••••••••••••••••••• 
LIST OF PHASES eLlAHED TO --.------.--------------•• LIST UF DETECTORS CONNECTEO TO PHASE - ___________ ••• 

SIG~.L PHASE ~u~~fk •••• _ •• _ ••••••••• ___ ••• _ •••• __ • a 
INITIAL INTfHVAL ($cCONUS) •••••••••••••••••••••• - •• 
VEHICLE INTEHyAL (SECOHOS) •••••••••••••••••••••• - •• 
'"BfA CLEARANCE INTEkYAL (SECONDS) •••••••••••• - •••• 
ALL-~ED CLEARANCE INTE~¥AL (SECONDS) -.---.--.-.--- • 
~AlI~uH EXTENSION AFTtR DEMAND ON HE~ ISlCONDS) - ••• 
SKIP.PHASE S_TTCH (ON/OFF) __ ._._ •••• _. ____ ._ •• ___ •• 
.UrO.~Ec.LL S~ITC" (U~/LFF) •••••••••• --.-••••• - •••• 
PA~ENT/'I~Uk ~O¥l"E~T P"OSE UPTION (YES/NO) ---••••• 
OVAL LfFT OPTION (YES/~U) ••••••••••••••• _ •••••••••• 
OET!CTO~ CONNfCTInN TYPE (AfJD/ON) •••••••••••••••••• 
NUM~EH OF DETECTONS CUNNECTED TO PHASE _____ •• __ • __ • 
~lJ~~E~ OF PHASES CLEARED TU ••• -- ••••••••••••••••••• 
LI~T OF P~ASES CLEARED TU •••••••••••••••••••••••••• 
LI~T OF OETECTU"S CO~'(C'~Q Tn PHASE -------_ •• --••• 
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SI~lILATlU" ~~'JCESsuw FUk IHE TEUS I.AFFIC SI~uLATlON ~ACKA~~ 

us lijl A'O CA"~"nN ."AU • 51' PHASf FULLY ACIUATEU -ITH DUAL LEFTS 

A lorAL UF r~ UFTFCr".s 

DEIECTUR NU-HE. •••••••••••• 1 
DETECTU. TYPE ••••••••••••••• PRESfNCE 
STARTING PUSITION (FEET) •••• U10 
SIUPPING PUSITION [FEfll •••• Uij~ 

AP~"OAC~ 'U~SER ••••••••••••• I 
"U"HE" OF LANES ••••••••••••• 1 
LIST OF LANE NU~8ERS •••••••• I 

UETECTUN NUMBER ••••••••••••• 2 
uETECTOR TYPE ••••••••••••••• PRESfNCE 
STAATING POSITION (FEEl) •••• k7B 
STOPPING puslTION (FEET) ••• c S2~ 

AP?~OAC~ NUMijE~ .--_.------.. l 
NUMB!" OF LANES ••••••••••••• I 
LIST OF LA~E ~UM8EAS •••••••• I 

OETECTUR Nu"SE. ••••••••••••• 3 
UETECTuA IYPE ••••••••••••••• PKESENCE 
STAATING PUSITION (FEET) •••• UT0 
STUPPING PuSITION (FEEl) •••• 52~ 
APPROACH NUMSER ••••••••••••• 2 
NUMSE~ L1F LANES --_._----._. • 1 
LilT OF LANE NUMSERS •••••••• 2 

UETECIUR ~uHBEk ••••••••••••• • 
DETECTuR TYPE ••••••••••••••• PRESENCE 
STARTING POSITION (FEET) •••• U7B 
SlOPPING POSiTION (FEET) •••• 52~ 
APPADACH NUM8EA ••••••••••••• 2 
~uMaER OF LA~ES ••••••••••••• I 
LIST OF LA~E ~UH8E.S •••••••• 3 

UETECTUk ~u"bER ••••••••••••• 5 
DETECTOR TYPE ••••••••••••••• PHE6ENCE 
STAATING poSITIO~ (FEET) •••• u38 
STOPPI~G poSiTiON (FEEll •••• U8~ 

APPROACh NU~KEW ._.------._.. 3 
NUHBER OF LA~ES ••••••••••••• I 
LIST UF LANE ~UM~ERS •••••••• I 

DETECTOR ~UHBEN ••••••••••••• 
DETECTON TYPE ••••••••••••••• 
STARTI~G PUSIIIUN (FEET) •••• 
STUPPING POSITIUN (FEET) •••• 
AP~~UAC~ l~u~HEk --.--------- • 
NUMijER UF LANES .-. ______ • __ • 
LIST UF LA~E NUMSENS •••••••• 

b 
PNESE~CE 
.]B 
.8~ 

] 

I 
il 

OETECTOR ~UM8Ek ••••••••••••• 7 
UETECIO. TYPE ••••••••••••••• P"ESENCE 
STAHTING puSITIO~ (FEET) •••• • q~ 
STUPPI~~ PUSITION (FEET) •••• 537 
APPROACH NUMHE~ ______ •••• _.. u 
~UH8E. UF LA~FS ••••••••••••• I 
LIST OF LANE NU"SENS •••••••• I 

DETECTOk NUMbER ••••••••••••• 
uETECTUP IYPE ••••••••••••••• 
SIAkTlwb PUSIIION [FEFI' •••• 
STUPPlw" ~oSITI"N (F~El) ••• 
AP~RO.CH ~UMU(~ --.--------- • 
NY "HER OF LANES ••••••••••••• 
L [ST lIfo LA"JE fJU"4EtEkS ------- • 

UEIECIUR NU~8EH ••••••••••••• 
DETECIUN IYPE •••••••••••••• 
STARTING PUSIIIUN (FEEl) •••• 
STUPPING PUSIIION (~EEI) •••• 
APPNOACH NU~~E~ • _____ ••• __ • c 

~UHHER OF LA~ES •••••••••••• a 
LIST OF LA~E NU~8ENS •••••••• 

OETECTU~ ~uMBER .-••• --._._ •• 
DEIECTU_ IYPE ••••••••••••••• 
SIARTIN~ POSITIO~ (FEET) •••• 
STUPPI~G POSITIO~ (FEET) •••• 
APP~UACH ~U"&ER ._. __ ._._--- • 
~UM8ER OF LANES ••••••••••••• 
LIST UF LA~E ~U~DERS •••••••• 

OETECIUR 'U"SER ••••••••••••• 
uETECIUk IYPE ••••••••••••••• 
STANTING POSITION (FEEl) •••• 
STOPPIN~ POSiTION (~EET) •••• 
APPRUACH I~UMHEP ._ •• ___ • ___ • a 

NUM8E~ O~ LA~ES ----.-••• _.- • 
LIST OF LANE NU~8ERS •••••••• 

8 
PHEst~CE .q. 

S37 
• 
I 
2 

q 
P~EH~CF 
q~1Il 

537 

• 
I 
] 

I~ 
P~ESE~CE 

jq7 

35] 
2 
2 
2 

II 
PHESE~CE 

1'17 
203 

e 
2 
2 

DETECTOR NUMBf~ .-._.-. __ ._.. 12 
DETECTOR TYPE •••••••••••••• a PRESENCE 
SIARIING POSITIO~ (FEET) •••• .7 
SIUPPINh POSIIION (FEEl) •••• S3 
APPkOACH ~uHbEN ------•• --... 2 
NU~~E~ UF LANES ••••••••••••• 2 
LIST OF LAN! NUHSENb •••••••• 2 

UETECTOR NUM8ER ••••••••••••• 
UEIECIU" TYPE ••••••••••••••• 
STARTI~G POSIIIUN (FEET) •••• 
STOPPINu POSIIIO~ (FEETI •••• 
APPRUAC" ~U~b[~ .-.---_ •• -.- • 
NU"8ER O~ LANES .-•••• _._ •••• 
LIST O~ LAN! NUMbERS --•••••• 

Il 
P.ESEI.CE 

JeT 
313 

U 

2 
2 

UEIECTu •• UMhE. ••••••••••••• IU 
UETECIOR IYPE ••••••••••••••• PHESENCE 
STARTI~G POSITION (FEET) •••• 21T 
SIUPPING pOSITION IFEET) •••• 221 
APPWOACH ~U~~ER .-.-_. __ .-•• = q 
NIJ~dE~ llF LAI~ES _._-_. __ .-.- a 2 
LIST UF LANE .U"BE"S •••••••• 2 

PETECIUW NUM~~ ••••••••••••• a 
nE TEe Tll'" TYPE .---.-----•••• ;; 
SIA.IIN~ POSIIION (FEtl) •••• 
STUPPING pOSiTION (F~fT) •••• 
APP~I)ACH "'lIf111B~R .-._.------•• 
NIJJ04tiEI1: [IF LANES --.-.------- • 
LIST IJ~ L~N~ ~u~bEW~ ____ we •• 
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SI~ULAT1Dk PRnCESSO~ FUR THE TEXAS TRAFFIC SI~ULATIO~ 'ACIA'E 

US 1M3 A~O C.MEWON ~n'D • SI' PHASE FULL' ACTUATED "ITM ~UAL LEfTS 

Su"'" k~ S HilS TI C ~ FU" 1 'IIHI1II"I) APP~ lJAtH l 

TUTAL DELA' IvEHI'Ll·SECUN~S) .- ••• - •••• -.-••••••••• 
NUM~!~ U' vE~ICLES INCURRING TUTlL VEL" ••••••••••• 
PEWCENT UF VEHTCLES I~CURRING TOTAL U~LA' •••••••••• 
AV£HA~E TOI'L DELA, (SECONDS) •••••••••••••••••••••• 
AVER'GE TOT'L OEL.,/.vERAGE TR'VEL TINE .-•• - ••••••• 

Qu~uE 

kUN!lE~ 
PEIICENT 
AvERAGE 
AVER.GE 

(VEHICLE-SECONDS) -----.----.-.-•••••••• 
VE~ICLES INCURRING QUEUE DEL" ••••••••••• 

Uf vt~I'LES INCU~kING QUEUE DEL" ••••••••• a 
QUEuE OE~'Y (SECONOS) - •••••••••••••••• - •••• 
UUEUE OELAy/AVEH'GE rR'VEL TI~E ••••••••••• a 

STOPPED OEL4' (VEMICLE-SECONDS) •••••••••••••••••••• 
NUMSE_ UF vEHICLES lNCU~RING STOPPEO DELA' ••••••••• 
PEHCENT OF VEHICLES INCURRING STOPPED DELAy •••••••• 
AVERlGE STOPPED DEL.y (SECONDS) ._ ••• --•• - ••••• - •••• 
lvE~'GE STOPPED DEL',/.vERlGE T~.VEL TI~E ••• - •••••• 

uELAY 8ELn~ 1~.~ MP~ (vEHICLE-SECONOS) ••••••••••••• 
NUMBEH Of VEHICLES INCUR~ING DEL" BELOW I~,~ MPH •• 
PEHCENT OF VEHICLES INCUR~ING DEL., SELO~ I~,~ MPH • 
AV[kAGt DELAY 8E~O. t~.~ ~PH (StCONOI) ••••••••••••• 
'vEQ'G~ UELAY aELO. 10,~ ~PH/.VER.GE TRAVEL TIME ••• 

VEHICLE-MILES OF t~AvEL • __ ••••••••••••••••••••••••• 
AV[kAG£ ~EHICLE·"lLES OF TRAVEL •••••••••••••• __ •••• 
TR'VEL TI~E (VEHICLE·SECONDS) ••••••• - •• - •••••••• - ••• 
AvER.GE TRlVEL TIM~ (SECUNDS) •••••••••••••••••••••• 
NU~HE~ OF VEHICLES PkOCESSED •••••••••••••••••••••• ~ 
¥OLU~E PROCESSED (VEHICLES/HOUR) - •••••••••• _ •••••• • 
TI"E ~E'N SPEED (MPH) • MfAN OF lLL VEHICLE SPEEDS 
SP'CE Hf'~ SPEED (MPH) • TOT 018T / TOT TR.VEL TI~E • 
AvEH.Gf OESI~EO SPEEO (~PH) •• - ••••••••••••••••••••• 
AVERAGE MAWINUM ACCELEH.TIUN (FT/SEC/SEC) •••••••••• 
'VER'G! MAXIMUM OECELE~'TION (FT/SEC/SEC) •••••••••• 

OvER'LL 'VERAGE TOT'L DELAY (SECONOS) •• - ••••••••••• 
OvERALL .vER'GE QUEUE OELA' (SECONDS) •• _ ••••••••••• 
UvEPALL .vERAGE 8TOPPED DELl, (SECONDS) •••••••••••• 
OVER'LL AvER.GE OELAY BELOW 1~,0 MPM (SECO~D6) ••••• 

PEHCE~T OF V~~ICLES HAlING A U.TUHN UR A LEFI TURN & 
PEHCENT OF VE~JCLES GOING STHAIGHT ••••••••••••••••• 
PE-CENT OF vEHJCLES N'.I~G A ~IG"T TURN •••••••••••• 

'vER.GE QUEUE LENGTH FOR LANE 1 ••• - ••••••• - •••••••• 
AVERAGE QUEUE LENGTH FOR LANE c ••••••••• • •• •• ••• • •• 
'.ER'GE qF LOGIN SPEE~/DES1~~D SPEED [PEWCE~T) --••• 

8"2,7 
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l~~,il 

Z5,S 
54," PERCENT 

b18,il 
Z2 
010,7 
2'1,11 
01,7 PERCENT 

b1ll2.0 
22 
100,7 
27," 
'j8,c PE~CENI 

oU,0 
U 
00,7 
30,1 
10",1 PERCENT 

7,"9'1 
,ilil1 

1550,3 
"7.0 
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198,it 
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1'1,3 
Ift,i! 
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57." 
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C)Q.6 

SIMULAtiUN PHDCESI"H FO_ THE TE.AS TkAFFIC SIMULATION PAC.A&E 

"3 183 A~I) C_""<IIN kCIA[) • SIX PHASE fULL' ACIUATEO wITH DUAL LEFTS 

SU"'''."Y 31AI\STlC~ FO" I"HIJ"~tJ 'PP-".C", 

TUTAL O£LAY (VfHICLf.S~COND5) ••••••••••••••••••• _ •• 
~OMijE~ L1F vEHICLlS t'~CUR~lN~ TUTAL n~LAY ••••••• -._ • 
PtHCE'd 0' vE"I~LE.S INC"~HINC. IOUL (JELlY ••••• - •••• 
"E~'Gf IlJY'l DE~" (StCuN~Sl .--.--••••••••• - •••• - • 
A.ER.G£ TOTAL OEL.,/.vE"AGE THAVEL TI~E •••••••••••• 

UuEuE U~LAY IvEHICLE.SECO~031 •••••••••••••••••••••• 
NUMRER llf VEHIC~!S INCUHRING gUE~E DELA ••••••••••• = 
PEkCE~T OF vE"'ICLE& IMCU~RI~G QUEUE DELA' •••••••••• 
AvERAGE ~uEuE OELAV (SECUNOS) .-.--. __ ••••••••••••• a 
'VER.GE QUEUE OELA'/A.iwAGE TkAVEL TIME ••• - •••••••• 

STUPPED OELAY (WEHICLE·SEtONuS) •••••••••••••••• _ •• a 
NUMBER UF VEHICLES I~CuwRI~G STOPPED DELAY •• - •••••• 
PEwCENT Uf VEHICLES INCURHI~G &IOPPEO OELAY •••••••• 
AVE~AGf STOPPEO DELAY (SEC ONUS) ••••••••••••• ----••• 
AVERlGE STOPPED OELAY/AVERAGE TRAVEL TIME •••••••••• 

DELAY HELD. 1~.0 MPM (VEHICLE-SECUNuS) ••••••••••••• 
Nu_SEw OF vEHICLES INCURRING DE~.' 8ELD. II!,~ MPH •• 
PERCE~T Of VEHICLES I'CURRI~G DELA' ~ELO- I~,~ ~PH • 
AvER.GE OfLlr ~ELOw I~,~ MPM (StCO~DS) ••••• - ••••••• 
.VERAGE DELA' BELOW I~,~ HPH/AVEII'GE TR.VEL TIME ••• 

VEHICLE.~ILES OF TRAvEL ._-_ ••••••••••• __ ••••• _ •••• = 
AVEMAGE vEHICLE-MILES OF TRAvfL ••••••••••• - •••••••• 
TRAVEL TIHE (VEHICLE.SECONOS) ••••••••• --•••••••• _-•• 
'VE~AGE T~'VEL TIME (SECONOS) ••••••••••••• __ ••••••• 
NUM8E~ OF VEHICLES P~OCESSE~ ••••••••••••• --•••••••• 
YULU~E PROCESSED (VEMICLES/~UUK) ••••••••••• ---••••• 
TIME MEAN SPEED (~P~J • HEA' UF ALL VEMICLE SPEEDS • 
SPACE ~E'N SPEED (~PM) • TOT DIST / TOI TRAVEL TI~E • 
JYERAGf O~SIkEO SPtEu (MPH) ••• __ •••••••••••••••• _ •• 
'VER'GE MlXIMUN ACCELENAIION (FT/SEC/8EC) •••• - ••••• 
Av~HA~e ~lXI~u~ DtCELFRATlu~ (FT/SEC/SEC) - ••••••••• 

ovE~'LL 'VERAGE TOT'L DEL" (SECUNDS) •••••••••••••• 
OVER'LL 'VE~'GE QUEUE DEL" (SECONDS) ••••••• - •••••• 
OVEHALL AvERAGE STOPPfO DELA' (SEC~NDS) •• - ••••••••• 
DVERAL~ .~tR'GE uELA~ ~ELU. Id,. MPM (SECU~DS) ••••• 

PERCE~T OF VEHICLES MAkI~G 1 U.TURN OR • LEFT TUR~ • 
PENCENT OF VEHICLES GOING STR'IGHT ••••••••••••••••• 
PE~CENT OF VEHICLES H'.ING A HIG"T TURN ••• _ ••• _ •••• 

'Yl~A~~ YuE~t LEN~T~ FU~ L'~E 1 .---••••••••••• ____ • 
AVERAGE YUEUE LE~GTH FOu LANE 2 ••••••••• ______ •• _ •• 
AwERAG[ ~\I£UE LE~GT~ ~0~ LA~E 3 •••••• ___ ••••••• ___ • 

AVEW.GE OF LUGIu SPtED/UESI"EU SPEtP (PE~CENI) •••• a 

9~'1,. 

" I 
0.\.1 
c3," 
11,3 PEHCEljf 

13~,1I 

31 
"7,7 
111,5 
11,8 PERCE~T 

b81,11 
31 
"7,7 
lc,lI 
108,8 PERCENT 

17",0 
H 
5",8 
23,5 
73,S PERCE~T 

14,711'9 
,ill> 

101S.1 
31,'1 
05 
3q~,H 

1",3 
C5,S 
47.4 

3,I! 
~ ,I 

1",8 
II,I! 
10,5 
Il,q 

10,8 
eo,l! 
3.1 

,0 MA" :I 1 
,il \"tAX J: i! 
,~ ~A.i • 1 

1~~,0 

LV 
CO 
o 



SIMUlATlu~ P.~CES'u" FO. '.E TEXAS T"AFFIC SIMULATIUN PAC'A'E 

us 183 ANO CAME.ON RUAO _ SIx PHASE FUllY ACTUATED WITM DUAL lEFTS 

SU"'~'"'A~'r SfAfISfIC5 FIJ~ rNHLJIJf'I.~n APPl-tr,A(H 

TDIAL DELAY (VEHIClE-SECONUS) --------------------- • 
~'J~nER !IF VEHICLES INCu~~lNG TUTAl nELAY -.---_.-••• 
~E"CENT UF vEMICLES INCUH.I~G llllAl DELAY --------- • 
AVERAGE lOTAl DELAY (SECUhUS) --------------------- • 
AvE.AGE TnTAl DELA,/ovEHAGE T.AvEL TI"E ----------- • 

QuEuE DELAY (VE~IClE-SECONOS) --------------------- • 
NUM~ER OF VEHICLES INCU.HING QUEUE nElAY ---------- • 
PERCENT OF vEHICLES INCURRING UUEUE DELAY --------- • 
AVE.AGE QUEUE OELA. (SECONDS) --------------------- • 
AvERAGE QUEUE DELAY/AvE-AGE TRAVEL TIME ----------- • 

STOPPED OElA. (VEMIClE-SECUNOS) ------- ____________ • 

NU"~ER OF VEHICLES INCUkRI~G STOPPED DELAY -------- • 
PERCENT UF VEMIClES INCURRING STOPPED Of LAY ------- • 
A'ERA~E STOPPED DELA. (SECONOS) ----.-•••• --------- • 
AVERAGE STOPPED DELAY/AVERAGf TRAvEL TIME --------- • 

DELAY AELO. I~.~ MPH (VEHIClE-SECONCS) ____________ • 

NU"~E~ UF VEHICLES INCURRING DELAY BELOH I~.~ MPH - • 
PEHCENT OF VEMIClES INCURRING DELAY 8ELO_ la,~ MPH • 
AvE.AGE OElAY 8ELOw I~.~ MPH ISECONDS) _.---------- • 
AvERAGE DELAY 8ElO. 1~ •• HPH/AvE"AG~ TRAVEL TI~E - •• 

VEHICLE-HILES OF T.AvEL --------------------------- • 
AVERAGE VEHIClE-~llES OF TRAVEL ------------------- • 
TRAvEL TIME (VEHICLE-SECONDS) ----------------------. 
AVE~AG£ l~AVEl TIME (SECONDS) •••••••••••••••••••••• 

NU"~ER OF VEHICLES PROCESSE~ ---------------------- • vULuME PROCESSED (VEHIClES/HUUR) ----- _____________ • 

TI"E "EAN SPEED (MPH) • MEAN OF ALL vEHICLE SPEEDS 
SPACE ~EAN SPEED (HPH) • TOT DIST / TOT TRAVEL TIME. 
AvE~AGE DESlwED SPEED (~PM) •••••••••••••••••••••••• 

AVERAGE MA.IMUM ACCELERAT/ON (FT/SEC/SEC) --------- • 
AV[RAG[ HA'IMUM DECELERATIO' (FT/SEC/SEC) --------- • 

u'ERALL AVERAGE TOTAL DELAY (SECONDS) - ____________ • 

UVERAll AVERAGE YUEUE DELAY (SECONDS; ------------- • 
UVERAlL AvERAGE STOPPEU DELAY (S~CONUS) ----------- • 
OVERALL AVERAGf DELAY 8ElD. I~.~ "P~ (SECONDS) ---- • 

PE~CE'T uF vE~ICLES "AKT~G A U-TUR~ OR A LEFT TURN PERCENT OF VEHICLE8 GOING ST.AIGHT --. _____________ • 
PENCE NT OF VEHICLES HA~/NC A RIGHT TuRN ___________ • 

AvERAGE QUEUE lENGTM FOR LA'E I ------------------- • 

AveRAGE OF lOGIN SPEEP/OESIRED SPEED (PERCeNT) ____ • 

51q.8 
11 
'15.5 
2",6 
5S.b PEkCfNl 

iji5.0 
17 
77 .3 
l5.0 
5b.1 PERCENT 

3~q.~ 

17 
77 .3 
ii.q 
51." PERLENT 

·37.~ 
17 
77 ,3 
l5.7 
57.7 PERCENT 

",q~i 
,iiI 

q8~,1 

"Q,5 
li! 

1li!.0 
21.0 
18.0 
38,Q 
5.0 
5.i 

11.b 
Iq.3 
17.7 
Iq,q 

ii.7 
5q.1 
18.2 

.7 "'AX • 

QQ.8 
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us 183 A'U CAME.lJ~ ROAU - Six PHASE FullY ACTUATtO .IIM DUAL lEF1S 

50".A.Y STATIS1IC~ FUR l~dUUNU APP.nACH 

TJTAl ()~lAY (vtHICl~-SECU'US) --------------------- • 
NU"RE' OF vEHICLES INCu~.INe TU1Al DELAY ---------- • 
PlkCE'T of VEHICLES '_CURHhG TOTAL DELAY ---------A,tPACE TOTAL DELAY (SltUNDS) _____________________ Z 

AVlkAl.E T"TAl UELAY/AvE.AGE l"vEl TI"E -----------

QUEUE DELAY (VEHICLE-SECONDS) --------------------- = 
NUMHER OF VEHICLES INCuRNINe ~UEUE DELAY ---------- ~ 
PEHCENT of VE~IClES INCuR.ING YUEUE DELAY --------- • 
AvE.AGE QUEuE UElAY (SECONUS) --------------------- • 
AVE.ACE QUEUl DElAY/AvEkAGE TRAvEL TI.E ----------- = 

51 UPPED DELAY (vtHIClE-SECONDS) ------------------- • 
~UM~E. uF vtHIClES INCUH.I~G STUPPED DELAY -------- • 
PERCE"T uF VEHICLES INCURRING STUPPED DELAY ------- • 
AvE~AGE STOPPED DELAY (SECONDS) ------------------- • 
A'E.AGE STOPPED nElAY/AVERAGE TRAVEL TI"E ---------

DELAY HELV. 1~.~ MPH (vEHICLE-SECONDS) ------------ • 
NUMdER OF VEHICLES INCURRING DELAY BElO- 10.0 MPH - • 
PERCENT OF VEHICLES INCURRING OElAY bElO. IA.~ .PH • 
AVERAGE DELA. BElO. I~.~ "PH (SECUNOS) ------------ = 
AVERAGE DELAY BELOw I~.~ .PH/AVERAGE lRAvEl liME -- • 
vEHIClE--IlES OF T.AVEl ___________________________ • 

AvERAGE vEMIClE-MllES UF TRAVEL ------------------- • 
TRAVEL TI"E (VEHICLE-SECONDS) ----------------------. 
AVERAGE TRAV[l TI~E (SECONDS) --------------------- • 
NlI"~EH OF 'VEHICLES P.OCESSED ---------------------- • 
VOLUME P.uCESsEO (VEHIClES/HUUR) ------------------ • 
TIME MEA~ 6PEED (MPH) • HEAN OF All VEHICLE SPEEDS 
SPACE "EAN SPEED (MPH) • TOT nlST / TOT lRAvEl TI"E • 

AVERAGE DESI.ED SPEED (MPH) ----------------------- • 
AVE.AGE ~AtIMUM ACCElERA1IO' (FT/SEC/SEC) --------- • 
A,ERAGl -Axl"U" OECElEWATIO' (Fl/SEC/SEC) ---------

UVEHALL A,ERAGE TOTAL DELAY (SECONDS) ------------- • 
avE. All AVE.AGE ~UEUE UfLAY (SECONDS) ------------- • 
UVERAlL AVERAGE STOPPED DELAY (S[CONDS) ----------- • 
OVERAll AVERAGE DELAY SElO. I'.~ MP~ (SECONDS) ---- • 

PEHCENT Of vEHICLEs .AKINe A u-TURN ON A lEFT TURN 
PERCENT of VEHICLES GOING STRAIGHT ---------------- = 
PERCENT OF VEHICLES MAKING A RIGHT TURN ----------- • 

AvERAGE YUEuE LENGTH FOR lANE I ------.. ----------- . 
AVE~AGE I~I)EUE L€~GT~ FUw lA~E 

2 ------------------- : AvE.AGt ~IJEUt lEN~r~ Fa~ lA~E 
1 -------------------

AVERAGE OF lOGIN SPEED/DESIRED SPEED (PERCENT) ---- g 

QQ~.t 

b8 
7b.IJ. 

1 ~. b 
5~.H PERCENT 

bb2.lcl 
3~ 

18.2 
I q. 5 
tJ7.Q PEwCfNT 

5Qb.0 
3~ 

18.2 
17.5 
01.2 Pl.CENl 

7~".0 
H 
'13.8 
1 ~.1 
b3.0 PERCENT 

I Q. H" 
.ill 

2551'1,3 
i8.7 
8q 

53".0 
33.5 
i7.q 
"b.i 

3.5 
".2 

11.1 
7.~ 
b,7 
7.q 

3." 
75.1 
21.3 

.3 "'AX. i 

.5 "'AX. 4 

.3 MAX Z 2 

100.'" 
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