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ABSTRACT

As urban traffic continues to increase in metropolitan cities around the globe,

transportation engineers are constantly attempting to improve the utilization of existent

transportation systems. Their objective is to achieve maximum efficiency of these

systems, in terms of movement of persons, services, and goods in a safe and convenient

manner. Although congestion problems have existed in some major cities for some time,

it has become a significant issue until recent years. The substantial increase in automobile

ownership to meet our changing lifestyles in the last few decades, coupled with a decline

of new highway construction, has stretched many roadway networks beyond their design

capacity. To evaluate different traffic management strategies and their effect on the

behavior of an urban street system is a very complex process due to the interrelationships

between its components. Therefore, engineers have to rely on mathematical, computer-

based simulation models to accurately predict the behavior of the system over a period of

time. One of the most effective tools of traffic management is the application of computer

simulation models to represent the traffic system, in order to determine the effects of

traffic management strategies on the system's operational performance. This performance

can be stated in terms of Measures of Effectiveness (MOE) on specific traffic parameters

such as average vehicle speed, average travel time, vehicle stops, maximum queue length

and fuel consumption. These MOE's can provide the traffic engineer with valuable

insight into the responsiveness of the traffic stream to different operational strategies.

Among the many computer simulation programs, the TRAF-NETSIM, an

Integrated Traffic Network Simulation model, is probably one of the most widely used



and accepted traffic simulation models in The United States of America. TRAF-NETSIM

is a very complex microscopic simulation model, which simulates the individual car

movements stochastically. This research used TRAF-NETSIM Version 5.0 to determine

the applicability and adaptability of this model to assess the traffic performance in

Amman - Jordan, which was accomplished by the following steps:

• A typical street network in Amman - Jordan, was selected and all the required

input information to run NETSIM was collected from the field (The Test

Network).

•  Two Measures of Effectiveness, Travel Time and Route Delay Time, were

measured concurrently during the collection of traffic related input data.

• The Test Network was used to collect the following traffic parameters needed

to calibrate the NETSIM model.

• Mean Start-Up Lost Time

• Mean Queue Discharge Headway

• Distribution of Start-Up Lost Time

• Distribution of Queue Discharge Headway

•  Calibration on TRAF-NETSIM, in which the simulated results were compared

with the observed field values using both the default and calibrated

parameters.

• A second street was selected in the same city to test the performance of the

calibrated model (The Validation Network).

VI



It was found that the TRAF-NETSIM model using the default traffic

parameters did not adequately predict the traffic performance in the test network.

However, after changing the embedded default parameters in TRAF-NETSIM with the

measured values in the field, the simulated travel times and delay times, for weekdays

other than Fridays, were similar to those observed for both street networks. Conversely,

for Friday the model did not predict the measured travel time and delay time within a

given accuracy for both the test and validation networks. It should be brought to the

reader's attention that Friday is a holiday in Jordan and that the traffic on Friday is

synonymous to Sunday traffic found in the United States of America.

Vll



TABLE OF CONTENTS

CHAPTER PAGE

I. INTRODUCTION 1

Background 1
Statement of the Problem 4

Research Scope and Objectives 6

n. LITERATURE REVIEW 10

Introduction 10

Simulation 11

Applications in simulations 11
Different types of simulation models 14

Studies using NETSIM 16
TRAF-NETSIM Model 23

FRESIM 25

ROADSIM 25

NETFLO 26

FREFLO 27

NETSIM 27

The Logic Underlying NETSIM Model 34
Input Requirements 39
Measures of Effectiveness Available from TRAF-NETSIM 41

Microcomputer Version of TRAF-NETSIM Model 45

m. RESEARCH METHODOLOGY 46

Introduction 46

Analytical Analysis 46
Network Selection 57

Measures of Effectiveness (MOE's) 61
Field Study 63
Video Study 64

Test Network 64

Validation Network 66

Floating Car Study 68
Calibration Parameters 69

Simulation Study 71
Input Data 72

VUl



CHAPTER PAGE

IV. STATISTICAL ANALYSIS 81

Introduction 81

Test Network 83

Defining the Hypotheses 83
Start-Up Lost Time 84
Interpretation of the Statistical Results 84
Queue Discharge Headway 87
Interpretation of the Statistical Results 87

Defining the Hypotheses for Travel Time and Delay Time 90
Travel Time along the Arterial 90
Delay Time along the Arterial 91
Analysis of Variance 92

Simulation of Traf-Netsim 95

Statistical Interpretation 99
Travel Time on Test Network "First Hour" 101

Delay Time on Test Network "First Hour" 105
Travel Time on Test Network "Second Hour" 108

Delay Time on Test Network "Second Hour" 113
Summary of Findings on the Test Network 116
Validation Network 117

Defining the Hypotheses 118
Travel Time along the Arterial 118
Delay Time along the Arterial 118
Two sample t-test 119

Statistical Interpretation 120
Travel Time on Validation Network "First Hour" 120

Delay Time on Validation Network "First Hour" 124
Travel Time on Validation Network "Second Hour" 127

Delay Time on Validation Network "Second Hour" 130
Summary of Findings on the Validation Network 134

V. DISCUSSION AND RECOMMENDATIONS 137

Discussion 137

Recommendations for Future Research 146

Possible Applications 146
Netsim Model Limitations 147

Contributions 147

UST OF REFERENCES 150

IX



CHAPTER PAGE

Appendices 153
Appendix A. SAS output Start-Up Lost Time and Queue Discharge Headway 154
Appendix B. Analysis of Variance 168
Appendix C. TRAF-NETSIM Simulation Output

Test Network Default Model 172

Appendix D. TRAF-NETSIM Simulation Output
Validation Network Calibrated Model 237

VITA 263



LIST OF TABLES

TABLE PAGE

2-1 A comparison of TRAF-NETSIM 5.0 with other computer models 12

2-2 Characteristics of Traffic Flow 16

2-3 Comparison between field and simulated MOE's 21

2-4 TRAF family of models 25

2-5 Default values used by NETSIM 35

2-6 Various MOE's available from TRAF-NETSIM 42

3-1 Signal Timing for the Test Network 77

3-2 Signal Timing for the Validation Network 78

3-3 Tabular Summary of Vehicle Counts Test Network (Mecca Street) 79

3-4 Tabular Sununary of Vehicle Counts Validation Network (Safeway Street)... 80

4-1 Statistical analysis for Start-Up Lost Time 85

4-2 Statistical analysis for Queue Discharge Headway 88

4-3 Random Numbers 97

4-4 Statistical Analysis of Travel Time on Test Network "First Hour" 102

4-5 Statistical analysis of Delay Time on Test Network "First Hour" 106

4-6 Statistical analysis of Travel Time on Test Network "Second Hour" 109

4-7 Statistical analysis of Delay Time on Test Network "Second Hour" 114

4-8 Statistical analysis of Travel Time on Validation Network "First Hour" 122

4-9 Statistical analysis of Delay Time on Validation Network "First Hour" 125

xi



TABLE PAGE

4-10 Statistical analysis of Travel Time on Validation Network "Second Hour" 128

4-11 Statistical analysis of Delay Time on Validation Network "Second Hour" ... 131

5-1 Summary of Travel Time on Test Network (Observed vs. Calibrated) 140

5-2 Summary of Travel Time on Validation Network (Observed vs. Calibrated).... 141

5-3 Summary of Delay Time on Test Network (Observed vs. Calibrated) 142

5-4 Summary of Delay Time on Validation Network (Observed vs. Calibrated).... 143

5-5 Summary of Travel Time on Test Network (Observed vs. Default) 144

5-6 Sununary of Delay Time on Test Network (Observed vs. Default) 145

Xll



LIST OF FIGURES

HGURE PAGE

1-1 Jordan and Surrounding Countries 2

2-1 Vehicles Discharging from a Traffic Signal 37

2-2 Hierarchy of the Logical Structure of GTRAF 44

3-1 Test Network (Plan View) 59

3-2 Validation Network (Plan View) 60

3-3 Relationship between Travel Time and Delay Time 62

3-4 Building locations and number of video cameras for Test Network 65

3-5 Building locations and number of video cameras for Validation Network 67

3-6 Test Network in the form of Link-Node diagram 74

3-7 Validation Network in the form of Link-Node diagram 75

4-1 Test Network 100

4-2 Validation Network 121

Xlll



CHAPTER I

INTRODUCTION

Background

The Hashemite Kingdom of Jordan is situated in the northwest comer of the Arabian

Peninsula. Located in the heart of the Arab world, Jordan shares its borders with Syria on

the north, the Kingdom of Saudi Arabia and Iraq on the east, Saudi Arabia on the south, and

on the west it borders both Palestine and Israel (figure 1-1).

Jordan is approximately 91,862 square kilometers, which is about 35,468 square

miles. In comparison, it is slightly smaller than the size of the State of Indiana, and is about

4/5 the size of the State of Tennessee. The population of Jordan according to the 1997

census is estimated at about 4,322,255. (According to the Jordanian Department of

Statistics), this figure has more than doubled in less than two decades since the official

figure of 2,132,997, given in 1979 According to the United Nations Population Fund,

Jordan's average population growth rate is approximately 3.3%. Thus Jordan ranks 6'*' in

world countries with the fastest growing population. The population increase has been

boosted by a high birth rate, along with and primarily, the migration of Jordanian citizens

from Saudi Arabia and other Gulf countries during the 1990-1991 Gulf War.

The majority of urbanized areas are located in the Northern and Central highlands. And

according 11996 figures, about 72% of the population live in urban areas and the reminder

28% in rural areas.
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Amman, the capital of Jordan lies about 40 kilometers (about 25 miles) northeast of

the Dead Sea. It is the largest city in terms of population and land area within Jordan. The

city of Amman is a major commercial, economic, and cultural center of about 1,231,000

people. The population of "Greater Amman", which includes the major surrounding

urbanized counties (Muhafazat) is estimated at about 1,940,500 according to the 1991

official figures

The city of Amman, which was originally built on seven hills, and had spread in

recent years over another five, as well as, a large area of the surrounding country-side,

giving the city it's characteristic roller - coaster appearance. The size of this city, which

contains about one third of the country's overall population, and its associated automobile

ownership, is a major cause of concem for both traffic engineers and city planners.

According to official figures, the car ownership in Jordan has dramatically grown fi-om

about 22,000 in 1970 to about 362,800 in 1997, and this figure is expected to reach 380,000

vehicles by the end of 1999.

The rapid increase in population and car ownership has degraded the mobility and

traffic performance in Amman. Like most urbanized areas, traffic congestion on the street

network is becoming an ever-increasing problem, which the road user must deal with on

a daily basis. Now, more than ever, transportation engineers are applying different traffic

management strategies in order to ease traffic congestion. There is a well established

roadway network connecting the suburban areas with downtown Amman, with

approximately 120 traffic control signals, ranging from a simple fixed control to fully

actuated traffic signals. In addition, there is a good public transit system serving the main



arterial streets comprising of mini buses, jitney service and taxi cabs which serves the

large majority of the working force.

Statement of the Problem

As urban traffic problems continue to increase in many metropohtan cities around

the globe, traffic engineers and urban planners are increasingly challenged to insure a safe

and efficient transportation system. The traffic engineer's responsibility goes beyond

optimization of movement on a limited network to a complete and comprehensive

evaluation of different strategies on a system wide basis.

The evaluation of different alternatives on the actual street system is a very complex

process due to the interrelationships between its components, which are often time

consuming, labor intensive, vmsafe and sometimes unrealistic to implement on the road

network. Therefore, to accurately predict the impact of various geometric and traffic control

schemes, traffic engineers have rehed on numerical, computer-based simulation programs

that can be used to imitate the behavior of the system over time.

The recent surge in technology has made personal computers extremely powerful

with massive computing capabilities at a very reasonable cost. In addition, the availability of

programming languages, and advances in simulation methodologies have aided in the

development of a wide variety of computer models. These models give the practicing traffic

engineer a practical method of developing and evaluating solutions that could vary from

changing signal timings on an isolated intersection, to looking at signal progression along

arterial streets or within a network. The Handbook of Computer Models for Traffic

Analysis, lists some of the computer models that are available for traffic engineers and
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planners, which can be used to solve different transportation management problems.

The majority of computer models have been developed in the United States of

America. These models have been calibrated to best describe the characteristics of the user,

including drivers and pedestrian, the different vehicle mix and their operating performance.

Also, many field experiments have been performed in order to validate and further enhance

the credibility of the computer simulation models. In order for traffic engineers in other

countries around the world to use existing simulation models in their own cities, computer

simulation programs must be fine-tuned or modified to accurately represent the local

environment.

The transportation system is made-up of the following three parts: The human, the

vehicle, and the roadway. The road user, including drivers and pedestrians, is a very

important part of the street network. The capabilities, limitations, and performance of the

road user have an effect on the type, frequency, and quickness, in which a person might

respond to a stimulus. Social and cultural differences from one region to another effect the

behavioral and performance characteristic of humans thus it is a vital input influencing the

operation of a transportation system. Therefore, driver performance measures in Amman,

Jordan such as: Gap acceptance, headway, and response to traffic signals will be different

when compared to driver performance in the United States.

In order to use existing simulation programs in Amman, such performance

measures must be determined in the field. Furthermore, the computer simulation model

should be validated and calibrated to best replicate the local driving environment.



Research Scope and Objective

Traffic engineers have been applying empirical models such as the Highway

Capacity Software (HCS), to evaluate the effect of different geometric and traffic control

altematives. In such models, the basic relationships among the different variables in the

model have been developed by actual field measurements. However, within the last decade,

the increasing traffic demand and its accompanying congestion have become apparent in

most urbanized cities and hence, no longer restricted to isolated locations or within the

central business district. Consequently, traffic engineers have found that such models can

not adequately provide the insight needed to address traffic related problems on a system

wide basis.

The recent development in computer technology has given the practicing traffic

engineer a wide selection of computer models that can be used as a tool to help manage and

hopefiiUy alleviate the traffic problems. The Network Simulation Model (abbreviated

NETSIM) is an example of a computer simulation model used by traffic engineers.

Although, it was originally developed for the Federal Highway Administration (FHWA),

NETSIM is a very widely used and accepted traffic network simulation model among

different public and private agencies in the United States of America. The Traff-Netsim

software, as well as a wide variety of traffic and transportation related software, can be

purchased from The Center for Microcomputers in Transportation "McTrans", University of

Florida, Transportation Research Center, 512 Weil Hall, P O Box 116585, Gainesville,

Horida 32611.

NETSIM a very complex model, is a microscopic, urban street network program

which simulates the individual car movements stochastically. However, to use NETSIM in

6



Amman-Jordan, it should be modified accordingly through field experiments, to accurately

repUcate the Jordanian driving environment, which is the main objective of this research.

This will be accomphshed by the following:

STEP 1: Identify a typical street network in Amman (Test Network), and collect all the

required input information to run NETSIM.

A- Geometric input data:

• link length
• Number of full lanes

• Number of turning lanes
• Length of turn bays
• Lane channelization

• Lane alignment

B- Traffic input data:

• Traffic volumes at entry nodes
• Turn movements for each link

• Traffic composition
• Bus routes

• Location of bus stations

C- Control input data:

• Type of traffic control devices (Traffic signal or Traffic sign)
• Mode of traffic signal (Fixed time or Actuated)
• Phase sequence
• Number of phases and their duration

STEP 2: Collect the following measures of effectiveness (MOE's) from the test network on

specific links. These will be measured concurrently during the collection of traffic input data

in step lb above.



A- Travel Time: (sec/vehicle) defined as the average link travel time for a single

vehicle.

B- Delay Time: (sec/vehicle) defined as the average delay on a link for a single

vehicle (computed as the difference between the total travel time and idealized travel

time for link)

STEP 3: Collect the following traffic parameters from the Test Network to calibrate the

TRAF-NETSIM model.

A- Mean Start-Up Lost Time

B- Mean Queue Discharge Headway

C- Distribution of Start-Up Lost Time

D- Distribution of Queue Discharge Headway

STEP 4: CALIBRATION OF TRAF-NETSIM:

Model calibration involves the comparison of the simulated results with the

observed field data in which changes are made to the model's embedded default parameters

collected from step 3 above. (Record types 140 to 150 inclusive)

STEP 5: Repeat step 1 for a new arterial street (Validation Network).

STEP 6: Repeat step 2 for the Validation Network.



STEP 7: MODEL VALIDATION:

The purpose of the validation phase is to determine whether or not the calibrated

model is transportable. Specifically, to test if the model can simulate traffic conditions at a

second network (Validation Network) without changes to any of the field collected traffic

parameters from step 3 above. The only change would be the input data directly related to

the characteristics of the validation network collected from step 5.

STEP 8: Compare the output of the calibrated NETSIM with the appropriate MOE's

measured from step 6 (travel time and delay time) on the validation network and present the

findings.



CHAPTER II

LITERATURE REVIEW

Introduction

Transportation engineers have been using computer models extensively in the last

couple of decades to solve many transportation problems. Some of these models were

developed to simulate traffic performance on different geometric configuration. For

example, SOAP, which stands for Signal Operations Analysis Package, is a traffic signal

optimization model. It can be used to evaluate present timing plans or as a design tool to

determine the optimal signal-timing plan for any three or four legged intersection. SOAP

was programmed and designed by the Transportation Research Center at the University of

Florida. TEXAS, which is an acronym for Traffic Experimental and Analytical Simulation,

is mainly used to evaluate and analyze isolated intersection ranging from a simple

uncontrolled intersection to a complex signalized intersection. Thus, it is not used to

optimize signal-timing plans. However, it enables researchers to evaluate proposed designs

in the safety of their office without the need to implement potentially dangerous and

expensive field observations. TEXAS, as the name suggests was developed by The

University of Texas' Center for Highway Research at Austin, Texas. PASSER II, which

stands for Progression Analysis and Signal System Evaluation Routine, was created by

Texas Transportation Institute at the University of Texas A&M. The model can be used by

traffic engineers to determine the optimal cycle length for progression along a signalized

10



arterial. TRANSYT-7F, TRAffic Network StudY Tool release #7 of the FHWA, and

TRAF-NETSIM, Integrated TRAFic NETwork SIMulation are both traffic network

simulation models. TRANS YT-7F is used to optimize signal timings for both arterial streets

and grid networks. It can simulate up to 50 intersections with a maximum of 250 directional

links. Where as TRAF-NETSIM, a network analysis simulation program is developed

primarily to aid traffic engineers to evaluate and analyze complex network strategies. It is

particularly usefiil in the analysis of highly integrated and dynamically controlled traffic

systems. NETSIM can simulate in great detail a maximum of 250 intersections with up to

500 unidirectional links. Table 2-1 compares the different features of TRAF-NETSIM

release 5.0 with some of the widely used computer models discussed earher.

Simulation

A computer simulation is the imitation of the physical system or traffic

performance over a specified time. Simulation involves the creation of the real system,

and the observation of that system over time to evaluate the operating characteristics of

the actual system. Since the real-world system is very complex in nature and difficult to

observe, numerical, simulation models have been developed and data generated from

these models is used to estimate the measures of performance of the simulation model as

if a real system were actually being observed.

Applications in simulations:

In the past decade, the increase use of personal computers and the several

programming languages have made computer simulation one of the most and widely used

11



Table 2-1

A comparison of TRAF-NETSIM 5.0 with other computer models

SOAP TEXAS PASSER n TRANST-7F TRAF-

NETSIM

Macroscopic vs.
Microscopic

Macro. Micro. Macro. Macro. Micro.

Deterministic vs.

Stochastic

Deter. Deter. &

Stoc.

Deter. Deter. Deter. &Stoc.

Evaluation vs.

Optimization
Opt. Eva. Opt. Opt. Eva.

MODEL

FEATURES

Simulates Isolated

Intersections

Yes Yes Yes Yes Yes

Simulates Pre-

Timed Control

Yes Yes Yes Yes Yes

1 Simulates
Actuated Control

No Yes No No Yes

Simulates

Arterial

No No Yes Yes Yes

Simulates

Networks

No No No Yes Yes

Simulates Stop &
Yield conditions

No Yes No Yes Yes

Simulates

saturated

conditions

No No No No Yes

Simulates Buses No No No Yes Yes

Simulates Parking No No No No Yes

Simulates

Pedestrians

No No No No Yes

Simulates

Lane Closures

No No No No Yes

Simulates Intra-

Link lane changing
No No No No Yes

Simulates

Shared turn lanes

No No No No Yes

Simulates Urban

interchanges
No No No No Yes

Simulates detailed

maneuvers within

an intersection

No No No No Yes

12



tools in traffic operations analysis. Simulation can be applied (put not limited to) the

following situations:

- To gain knowledge of how an actual transportation system or a specific strategy

is going to perform prior to its implementation on the existing street network. The actual

development of new theories or systems such as the construction of a new highway,

widening an existing roadway, or even implementing certain traffic regulations such as

one-way streets, establishing of a high-occupancy vehicles (HOV) lanes, etc. All of

which are, very costly, unsafe, and time-consuming to implement on the actual street

network.

- The need to evaluate certain measures of effectiveness on an existing facility

may cause unnecessary interruptions to the actual street network. For instance, the effect

of different signal plans, speed limits, and access control strategies all can be evaluated in

great detail without confusing or alarming drivers.

- To test altemative designs such as a Before-and-After study under identical

traffic conditions. For example, the behavior of traffic flow in the real world involves

many changeable factors and complex interactions between the driver, the vehicle, and

the roadway itself. Therefore, it may be highly improbable to insure identical traffic flow

behavior in the field to accurately assess a Before-and-After study. However, in a

computer simulation it is very easy to reproduce similar traffic volumes, and traffic

composition under similar traffic conditions to evaluate several altemative system

designs, assuming the simulation model is capable of producing identical traffic steam.

13



Different types of simulation models:

A model can be classified as being physical or mathematical. Physical models

involves' the actual constmction of a model. An example of a physical model might be

the building of a bridge to a scale of 1:100. On the other hand, numerical, computer-

based simulation model is a particular form of a mathematical model. It is a mathematical

representation of the sequence of events over time comprising a certain process. The

sequence of events is repeated several times to study the outcome. Because of the

availability of digital computers and the ease in performing many computations at a very

high speed, mathematical simulation models are incorporated into what is known today

as computer simulation models.

Simulation models are further categorized as being static or dynamic,

deterministic or stochastic, event scan or time scan, and microscopic or macroscopic in

nature. A brief discussion is presented.

A static simulation model represents a system at a particular point in time. Where

as a dynamic simulation model represents the way in which a system changes over time?

The simulation of a bank from 9:00 a.m. to 2:00 p.m. is an example of a dynamic

simulation.

Simulation models that have no laws of chance incorporated into the models are

classified as deterministic. Deterministic models have no randomness what so ever. An

example of such models is if all the vehicles arrived at an intersection exactly 10 seconds

apart. A stochastic or probabilistic model is used in the simulation of traffic systems

whose state is affected by the laws of chance. The randomness in stochastic models is

introduced by a random number generator; While the distribution functions describe the

14



relative frequencies of possible outcomes, they can be considered only as statistical

estimates to the tme characteristics of the model.

Simulation models are further classified as being either event scan or time scan

models. With event scan models the process being analyzed is updated upon each event

that occurs. On the other hand, time scan models update the process under consideration

at constant time intervals. For example, in a time-scan model the position and status of

vehicles in a queue at a single-pump gas station could be calculated at specified time

intervals (i.e. at one second intervals), or it could be calculated each time a vehicle enters

or leaves the gas station.

Furthermore simulation models are either microscopic or macroscopic in nature.

Macroscopic simulation models represent traffic in terms of aggregate measures on each

section of the street. Macroscopic models simulate vehicle in-groups (platoons) and

report measures of effectiveness collectively. In a microscopic simulation models each

vehicle is handled as a distinct entity. It is moved and monitored through the street

network based on time-scan principle. This means that each movement of all the vehicles

on the street network and every variable control (traffic lights) and event are updated, for

example every 1 second interval. Table 2-2 sununarizes the three main characteristics of

traffic flow at both the macroscopic and microscopic levels.

In general, microscopic simulation models are believed to be more realistic in their

description of the process being simulated. However, they normally require much more

detailed information about the system being modeled in the form of input data

requirements and their execution time will be substantially longer given the same

computer hardware and street network.

15



Table 2-2

Characteristics of Traffic Flow

TRAFFIC

CHARACTERISTIC

MICROSCOPIC

LEVEL

INDIVIDUAL UNITS

MACROSCOPIC

LEVEL

GROUPS OF UNITS

Speed Individual Speed
mph or km/h

Average Speed
mph or km/h

Flow Time Headway
(seconds)

Flow Rates

vehicle / hr / lane

Density Distance Headway
Spacing (feet)

Density
Vehicle / mile / lane

In summary, simulation is a very powerful tool and should be resorted to when

the system under consideration is too complex to be analyzed analytically. An analytical

approach to problem solving involves the use of a well-established equation to yield the

answer directly. However, the increased use of simulation studies and the corresponding

lack of experience on the part of some users can lead to a sort of pseudo-simulation.

Researchers and decision-makers should not be misled or even fooled by the vast pile of

computer printouts, and accept them as absolute truth. In fact the simulation output

should be viewed with a certain amount of skepticism until it has been validated. "GIGO"

or "Garbage-In Garbage-out" is a basic concept in the computer science world, which

also applies to computer simulation programs.

Studies using NETSIM

Transportation engineers have applied NETSIM to a wide spectrum of traffic related

issues. These have ranged from evaluating signal timings on an isolated intersection, to

studying different traffic signal control schemes and geometric designs for an arterial or

street network. The following abstracts are some of the published literature by transportation
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engineers that have used NETSIM to compare different design alternatives or to actual field

verification of the models estimated output parameters.

Nemeth and Mekemson, 1983 have applied both SOAP, a macroscopic,

optimization model and NETSIM, which is a microscopic, simulation model in the analysis

of a signalized intersection. They looked at three hypothetical cases. The first two involved

the intersection of two two-lane highways controlled by a pre-timed and traffic-actuated

two-phase traffic signal respectively. The third case involved a two four-lane intersection

with left-tum bays controlled by a pre-timed multi-phase signal. In each of the above cases,

about 80 different combinations of traffic volumes and left-tum percentages were analyzed.

The two measures of effectiveness selected by Nemeth and Mekemson were delay and fuel

consumption. The study indicated that for the first two cases, the pattem of average delay

under various volumes was similar with higher values produced by NETSIM. This increase

can be related to travel-time delay due to vehicles traveling along both approach and

departure links as simulated by NETSIM. For the pre-timed multi-phase intersection

(caseS), NETSIM and SOAP produced delays that are very similar. However, NETSIM

delays were larger at high traffic volumes. Due to the fact that both NETSIM and SOAP

defines fuel consumption differently, the authors looked at the differences between

NETSIM fuel consumption and SOAP excess fuel consumption. The report indicated that

after differences in definitions had been taken into consideration, both SOAP and NETSIM

fuel-consumption values were similar in all three cases. However, in their study, no grades,

parking activity, different vehicle composition, or pedestrian conflicts were assumed.

Grantz and Mekemson 1990 compares the macroscopically flow profiles

produced by TRANSYT-7F model to the microscopically flow profiles generated by TRAF-
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NETSIM. In comparing the flow profiles it appears that TRAF-NETSIM is modeling

aggressive, higher speed drivers more than TRANSYT-7F. On the other hand, it seems that

TRANSYT-7F is emphasizing the non-aggressive drivers trailing the platoon more than

TRAF-NETSIM. However, authors point out that due to the stochastic nature of TRAF-

NETSIM in assigning free flow speeds for individual vehicles. And the recognition that the

version of TRAF-NETSIM used in their study did not permit vehicle lane changing to allow

movement around a slower moving vehicle as the main causes of the free flow differences.

Labrum 1981 describes Utah's experience with NETSIM in analyzing different

traffic control problems for single intersections, arterial, and street networks. They tested the

model generated traffic volumes to actual field observations on a network consisting of two

intersecting arterial streets in the SALT LAKE suburban area. The study indicates that there

was no significant difference in vehicle volumes at the 10% level. However, Utah's DOT

has found NETSIM to be a very useful tool for engineers and have recommended it for

solving a wide spectrum of problems.

Hurely and Radwan wrote on the experience gained while using NETSIM by

undergraduate, graduate, and faculty members at Virginia Polytechnic Institute (VPI).

However, most of their research focused on determining the signal timing requirements for

minimizing fuel consumption rates for isolated signalized intersection with fixed control.

Davis and Ryan describes two cases in 1979 of user experience with NETSIM

(version of Netsim supplied by the FHWA in 1978). The first case, an isolated T-

intersection with semi-actuated control was analyzed by NETSIM, and the simulated results

where compared to actual field observations. In this study, the only MOE compared was that

of queue length at the start of the green interval. NETSIM was run for 30-minutes using two
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15-minute periods, each with a different seed for the random number generator. The study

shows that the average queue lengths seems to be similar and that queues estimated by

NETSIM were shorter than what was observed in the field. However, the variance was

larger in the observed queue lengths than in NETSIM. It should be mentioned that this study

used the default value of 2.1 sec/vehicle for queue discharge headway and a free flow speed

of 30 mph for each link. Also, the findings were limited to only one study period with no

tmcks or buses present.

The second case reported by Davis and Ryan, dealt with the comparison of average

delay per vehicle calculated by Webster's Technique and NETSIM on a hypothetical four-

legged intersection, with fixed time control. The study shows that the simulated average

delay by NETSIM was similar or less than those computed by Webster's technique until

volumes approached capacity at which NETSIM predicted higher values.

Yagar and Case, 1974 have studied and applied UTCS-l the forerunner of

NETSIM on a network in Toronto, Canada. The network consisted of an arterial street with

its intersecting links. The floating-vehicle technique was used to collect field observations

on travel time and speed on each link along the arterial. The study concludes that the

"UTCS-l appears to predict traffic speeds quite accurately", and that the simulated results

seems to be similar when using a different seed number for the random number generator.

Robert Ferlis and Richard Worrall, have applied the UTCS-l network simulation

model to three different experiments to suggest potential uses of the model as an aid to

traffic engineers. The first experiment, the validation of the simulation model is presented to

illustrate the high degree of conformity and reliability of the model's ability to simulate

actual traffic conditions on a street network. The second experiment, the arterial

19



demonstration describes how the UTCS-l can be used by researchers as a design tool to aid

in the evaluation of different design schemes. The third experiment is the San Jose

experiment which demonstrates the adaptability of the simulation model to different traffic

conditions from those used in the validation network in Washington, D.C. Validation of the

UTCS-l Model:

The UTCS-l network simulation model was originally calibrated for a grid network

located in downtown Washington DC. The model's ability to predict traffic conditions was

accomplished by setting up aerial and ground-based time-lapse photography to aid in the

collection of a comprehensive set of field data which was used in the comparison of two sets

of model runs, the a.m. peak and the a.m. off-peak traffic conditions. The simulation model

was run three times (replications) with common sets of inputs for both the a.m. peak and

a.m. off-peak conditions in order to minimize the influence of the model's stochastic

variations on the data set. The simulation model was run for 32 minutes of real time for each

replication. The results of the validation exercise is presented in Table 2-3, in which field

measured and simulated values for different MOE's are compared.

As can be seen from the table, in the a.m. peak conditions the simulated MOE's

where similar to the field observed values (all within a 2% difference) with the exception of

average speed, the difference between field and simulated values was around 2.4%.

However, the study indicates that the differences between field and simulated MOE's where

not statistically significant at the 5 percent level. In the a.m. off peak traffic conditions, the

differences are more obvious. It appears that the model had considerable underestimation

during that period. The study indicates that the simulated values produced by the model

where significantly different at thel percent level. The authors suggest that the model
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Table 2-3

Comparison between field and simulated MOE's

RUNl RUN 2 RUN 3

SIMU DIFFER % SIMU DIFFER % SIMU DIFFER- %

CHARACTERSTIC FIELD LATED ENCE LATED ENCE LATED ENCE

Total Link Output vph

Peak 36108 36345 237 0.7 36399 291 0.8 36345 237 0.7

Off peak 27433 27731 298 1.1 27930 497 1.8 27.731 298 1.1

Vehicles in Netwoik

Peak 328.4 327.9 -0.5 -0.2 332.0 3.6 1.1 3293 1.1 03

Off peak 276.4 246.3 -30.1 -10.9 243.3 -33.1 -12.0 238.7 -37.7 -13.6

Vehicle minutes

Peak 10506 10502 ■4 0.0 10616 110 1.0 10539 33 0.3
Off peak 8841 7891 -950 -10.7 7781 -1060 -12.0 7634 -1207 -13.7

Vehicle miles

Peak 1701 1705 4 0.2 1710 9 0.5 1710 9 03
Off peak 1285 1293 8 0.6 1302 17 1.3 1306 21 1.6

Total Delay veh min

Peak 6475 6455 -20 -0.3 6561 86 1.3 6483 8 0.1
Off peak 5806 4831 -975 -16.8 4700 -1106 -19.0 4541 -1265 -21.8

Average travel time

Peak 5.4 5.5 0.1 1.9 5.4 0.0 0.0 5.4 0.0 0.0
Off peak 6.4 6.0 0.4 -6.3 5.2 -1.2 -18.8 5.1 -1.3 -20.3

Average speed mph

Peak 16.43 16.08 -0.35 -2.1 15.99 -0.44 -2.7 16.03 -0.40 -2.4
Off peak 15.35 16.48 1.13 7.4 16.88 1.53 10.0 16.71 1.36 8.9
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seemed to impede traffic flow less than necessary in order to reproduce the field data in the

off-peak traffic conditions.

The second experiment conduced by the authors was to demonstrate the possible use

of the model as an aid in iterative design. The network chosen for the study was an arterial

l.lmiles long in Washington, DC. Acmal traffic volumes, geometry, and signal timing data

were also used in this experiment. The study examined and compared selected MOE's of

different design strategies to the existing arterial traffic conditions. They have looked at

reversible lanes, eliminating some left turns, constraction of additional lane, and different

traffic signal designs. In summary, the second experiment illustrated the abihty of the

UTCS-1 network simulation model as a tool to aid traffic engineers in evaluating different

transportation management schemes.

The third experiment chosen by the authors was to examine the different signal

timing plans produced by SIGOP and TRANSYT to a street network in San Jose,

California. The results of this study suggests that the signal timing produced by TRANSYT

showed consistently lower delay and higher average speeds than the equivalent settings

produced by SIGOP.

In conclusion, the following remarks can be drawn from the above hterature:

• NETSIM is used as a tool by researchers and practitioners to evaluate a wide range of

transportation related problems. Most of the studies evaluated the performance of

isolated, hypothetical intersections without considering the effect of grade, different

vehicle mix, or pedestrian conflicts.

•  It appears that NETSIM produces higher delays and more models aggressive higher

speed drivers when compared to SOAP and TRANSYT-7F respectively.
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•  NETSIM's simulated travel-time and speed seem to be similar to actual field conditions.

•  In the original validation of the UTCS-1, the foreruimer of NETSIM, actual field data

was collected and compared to simulated values. The model was run three times with

different random number seeds in order to reduce the variability from one simulation run

to the next. It was shown that the model was able to produce similar values under peak

conditions. However, the model produced considerable underestimation on some of the

selected measures of effectiveness during the off peak period.

•  Transportation engineers can use traffic simulation programs to gain added insight at

traffic performance imder a very wide range of design concepts.

•  It appears that NETSIM is one of the most widely used and accepted traffic simulation

models among the profession.

TRAF-NETSIM Model

As the world's population reaches approximately 6 billion, global over crowding

may be the most pressing issue we face as we enter the new millennium. Transportation

engineers throughout the world are constantly trying to alleviate progressively greater

congestion levels and traffic delays in our major metropolitan areas. Previously, traffic

engineers would simply widen the existing facilities or even construct new highways to

reduce traffic congestion. However, due to the increasing environmental concems,

construction cost, and right-of-way restrictions, transportation engineers must use

different transportation system management (TSM) strategies in order to optimize the

efficiency of the existing road network in order to harmonize the traffic congestion

problems we encounter on a daily basis. To evaluate the effect of different TSM
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strategies on trip patterns, transportation engineers have to examine a large portion of the

street network in which a trip maker may use in order to reach his/her destination. This

can be accomplished if there is a comprehensive traffic simulation model that simulates

the behavior of traffic progressing along different types of street segments. For example,

a person may first travel along a two lane raral road, and then a four lane divided

highway or a signalized arterial and finally back to a two lane urban road, in order to

reach their destination. To accomplish this idea of a single integrated simulation model.

The Federal Highway Administration (FHWA) has been pursuing several simulation

programs since the mid 1970's which have lead to the evolution of a system of simulation

models known as TRAF.

TRAF (for integrated TRAFfic simulation models) is basically a group of

simulation models which are integrated together to represent the aggregate traffic

environment. Each traffic simulation model in TRAF is designed to represent traffic

behavior on a particular street network. For instance, TRAF can simulate the traffic flow

on an arterial street or a two-lane roadway each with a desired level of simulation detail.

As can be seen from Table 2-4, TRAF consists of three microscopic and two macroscopic

simulation programs.

The naming of these models is made up of a prefix and a suffix. The prefix in an

indication of the type of network being simulated and the suffix shows the level of

simulation detail. For example, the prefix NET, ERE and ROAD, stands for network,

freeways, and two-lane road respectively. Where as the suffixes SIM and FLO shows if

the simulation is microscopic or macroscopic in nature.
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Table 2-4

TRAP family of models

TRAP MICROSCOPIC MACROSCOPIC

Surface Street Network NetSim NetHo 1 & 2

Freeway Network FreSim FreFlo

Two Lane Roads RoadSim 1

A brief description of the TRAP models is presented in the following section from

TRAP user reference guide

PRESIM:

The PRESIM simulation model is the newest addition to the TRAP family of

models. It is a microscopic, time-scanning freeway simulation program. PRESIM model

is capable of simulating with great detail a wide variety of design features and operational

characteristics, which includes the following:

- Simulation of freeway with up to 5 through lanes

- Auxiliary lanes, lane additions, and lane drops

- Ramp metering

- Driver reaction to warning signs and geometric changes

ROADSIM:

ROADSIM is a microscopic traffic simulation program that simulates traffic flow

along a two lane rural road. Because it is of a microscopic detail each vehicle is handled

as an individual entity and is moved along the traffic stream once every second of

simulation clock time.
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NETFLO:

NETFLO 1 and NETFLO 2 (also called NETFLO level 1 or level 2) are two

macroscopic traffic simulation models of urban traffic. Each vehicle is modeled explicitly

and its behavioral attributes such as its' free flow speed, queue discharge headway and

turn movements are simulated in a stochastic (probabilistic) manner. In addition, nearly

all traffic conditions encountered in an urbanized environment can be realistically

simulated with either NETFLO level 1 or level 2 models. However, since those models

represent the traffic condition at a macroscopic level of simulation detail, each vehicle is

moved whenever an event occurs (event scan), and that vehicle is moved downstream as

possible in a single motion. Macroscopic level implies that no Car-following logic is

being considered by either of these traffic simulation programs. The main difference in

NETFLO 1 and NETFLO 2 is that NETFLO 2 does not simulate carpools. In addition

buses are treated at a lower level of simulation detail. It should be mentioned that

NETFLO 2's logic adapted from TRANSYT (TRAffic Network Study Tool). However,

NETFLO 2 differs from TRANSYT in its ability to handle more than one cycle length

along with time varying traffic flow conditions. Also data inputs were simplified to match

that of the TRAF family of models. But the main difference is that TRANSYT is used for

optimizing the traffic signal plan on both arterial and grid networks, where as the TRAF

family of model's are mainly used for the evaluation and analysis of different traffic

control strategies. Instead of optimizing signal timings, it optimizes the utilization of

transportation resources to improve the movement of people and goods in an efficient and

safe manner.
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FREFLO:

The FREFLO model is also a macroscopic simulation program, which simulates

the traffic environment in terms of aggregate measures of fireeways (Highways). The

aggregate measures for each freeway section includes entry and exit flow rates, density,

and space-mean-speeds. Furthermore, it can accommodate three types of vehicles such as

buses, carpools and passenger cars, which includes trucks. High Occupancy Lanes

(HOV) can be modeled explicitly as well as merging and diverging of traffic on a

highway segment.

NETSM:

Finally, the last model in the family of TRAF is NETSIM, which stands for

NETwork SIMulation. It is a FORTRAN-based microscopic, stochastic simulation

program, which models in great detail, a wide range of traffic operations in a network of

surface streets. This program formally known as the UTCS-l network simulation model

was originally designed to assist in the development and evaluation of complex urban

street control strategies. Ever since the introduction of the UTCS-l model researchers

have been extensively applying this simulation program to a wide variety of problem

areas and it is undoubtedly the most widely used network simulation program. It's wide

application can range from evaluation of traffic performance on a single isolated

intersection to a very complex urban network that might have special HOV lanes one

way and two-way streets, and a full range of fixed-time and vehicle-actuated traffic signal

control strategies.

Since the release of the UTCS-l by the FHWA in 1971, which has evolved into

NETSIM, it has been subsequently updated in 1973 and 1978. Netsim's name was later
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changed to TRAF-NETSIM when it was integrated in to the TRAP family of models in

the 1980's. And as part of TRAF, NETSIM has undergone major enhancements in the

past few years, thus improving its capabilities to simulate a wide variety of transportation

system management (TSM) strategies. These enhancements include the addition of

actuated control logic, the ability to produce identical traffic streams, and conditional

turning- movement These features are briefly described in the following:

1- Actuated Signal Logic:

TRAF-NETSIM has been updated to allow the simulation of a wide range of

traffic actuated control signals. These include isolated traffic actuated signals, actuated

coordination of traffic signals (free actuated mode), volume-density controllers, and

semi-actuated traffic signals. Phase operations for TRAF-NETSIM actuated signals is

based on the National Electrical Manufactures Association (NEMA) or type -170 traffic

controllers. In addition, this new traffic actuated signal logic allows for two types of

detector groups. Each group has three different detector characteristics. The only

limitation is that the total number of detectors on any link may not exceed 10. In addition

detectors can be passage or presence. In passage operation, a constant 0.3 seconds pulse

is generated whenever a vehicle is detected, regardless of the length of time the vehicle

spends over the sensor. In presence operation, the length of the pulse generated is

equivalent to the length of time a vehicle spends over the sensor. Additional traffic

actuated control features have been added to TRAF-NETSIM V. 5.0 which is used by this

research. The new features are left-tum extensions, lag left - turn hold, conditional

service, and simultaneous gap out all of which adds to the credibility and realism of the

simulation program.
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TRAF-NETSIM simulation program can handle up to 100 traffic actuated control

signals, with a maximum of five approaches could be specified for each signalized

intersection. Additional traffic actuated control features have been added to NETSIM

Version 5.0 used in this research. The new featmres are left-turn extensions, lag left-turn

hold, conditional service, and simultaneous gap out all of which adds to the degree of

conformity, reliability and realism of the simulation program.

2- Identical Traffic Streams: (ITS)

The TRAF-NETSIM simulation program uses a number of stochastic processes

such as random sampling from discrete and continuous distributions to represent the

traffic environment adequately. However, due to this highly attractive probabilistic nature

of Netsim, the simulation output generally contains a great deal of variability from one

simulation run to the next. This output variability is normally more obvious in TRAF-

NETSIM due to the microscopicity of the model. ^Qj.g importantly, the presence

of high variability in simulation output can have a negative effect concerning the

reliability and realism of the simulation model. Since the older versions of Netsim model

used only one random number seed as a basis for all stochastic decisions including the

determination of driver and vehicle characteristics, the traffic engineer had no control

over the traffic stream and its operational and behavioral performance from one run to the

next. This means that one cannot test different control strategies or alternative designs

with the certainty that the changes in the output are due solely to the control variables and

not to the random variations which is a characteristic of all stochastic simulation models.

Due to the limitations discussed above, and to increase the credibility and

statistical validity of the simulation results, an added feature was implemented in TRAF-
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NETSIM which allows the modeler to simulate the traffic stream exhibiting the same

routing pattems, driver-vehicle characteristics through a series of simulation runs. To

accomplish the identical traffic stream movement a unique random number seed is

generated for each vehicle entering the network, which in tum is used for all stochastic

decision's associated with that vehicle. This vehicle specific random seed; hereafter

referred to as the 'base seed' is used to determine driver type, vehicle type, tum decisions

and other behavioral and operational decisions.

TRAF-NETSIM employs two random number seeds specified by the user in

entries 11 and 12 on card type 2. The first random number seed is the 'base seed' and

it is used to generate the traffic movement for a given simulation mn. The second random

number seed is the 'common seed' and it is used for all time-dependent stochastic

decisions (i.e. accepting available gaps for turns, determining location and duration of

events, and so on and so forth).

Based on the above, one can conclude that there are two possible scenarios in

performing traffic simulation experiments with TRAF-NETSIM. The first is when the

researcher is interested in comparing different system designs or operating strategies. The

other is when the researcher is trying to determine the performance characteristics of an

individual system, each of which are discussed below.

In the case of comparing altematives, the user wishes to minimize the variance in

the traffic performance measures of effectiveness which are due to variations in the

traffic movement encountered from one simulation run to the next. This can be

accomplished by keeping the same value for the base and common seeds for altemative

designs in different runs, hence, the same driver/vehicle mix and routing pattern will be
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simulated. Thus, the difference in the calculated MOE's between alternative simulation

runs will be due solely to the differences in effectiveness on the control strategy or

system design, as long as the same tum percentages, and traffic volumes are used. By

employing the identical traffic stream feature in this maimer, the user can compare

alternative designs with the assurance that the same traffic stream in employed for all

cases.

In the second case, the researcher is trying to determine the performance

characteristics of an individual system. In this case, the user is interested in performing

independent replications. Independent replications in simulation experiments refers to the

execution of the simulation model several times for a given set of identical input data,

except that the random number seed will differ from one simulation to the next. Here, the

user uses a different random number 'base seed' for each simulation run and does not

change any other input data. Thus, the set of independent replications would reflect the

differences in the measures of effectiveness that might be observed between the traffic

stream on one weekday morning to that of another. Based on the above, this research will

evaluate different MOE's on the selected street networks based upon independent

replications. It should be mentioned that the ability to perform independent replications in

a true statistical sense was not possible with the previous versions of Netsim, because

only one random seed was used for all stochastic decisions throughout the simulation

program.

Finally, if the user wishes to change only the common random number seed from

one simulation run to the next, the output of such runs will reflect differences due to

time-dependent stochastic processes. That is, the user can simulate with traffic stream
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exhibiting identical routing and driver/vehicle characteristics, but in a different traffic

environment. According to A. Rathi and A. Santiago such a simulation run will

generate statistics that are of no practical use in analyzing the simulation results.

3- Conditional Turning Movements:

The conditional turning movement feature is designed to constrain vehicles from

making a series of unrealistic turns. For example, the user may want to restrain certain

vehicles from making a series of consecutive right turns. Depending on the type of

network simulated, TRAF-NETSIM users may apply conditional turning movement on

certain links to restrain vehicles from going around the block.

In addition to the three major enhancements mentioned above, four new

modifications to the simulation program have been made to the TRAF-NETSIM logic

used in this research.

These enhancements will help to model traffic behavior more realistically and are briefly

described here.

1- Intra-Link Lane Changing:

Prior to TRAF-NETSIM V. 5.0, vehicles were only allowed to change traffic

lanes when they entered a new segment of a roadway. This logic is unrealistic in the real

world since drivers may change lanes at any point on a link. In this new version, vehicles

will know their next turn movement and will try to change into an appropriate lane for

that turn movement as they travel along the network. The decision to make a lane change

is based on parameters such as duration of a lane change, deceleration rates during lane

changes, unacceptable headway, and cooperation of drivers to vehicles trying to perform
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a lane change. All of which can be altered by the traffic engineer if he or she feels that the

default values are unrealistic.

2- Shared Turn Lanes:

Shared turn logic was added to TRAF-NETSIM to further enhance its capabilities

when simulating the traffic stream. Previous versions of Netsim would not allow the left

most or right most lanes to service more than one turn movement. For example, a left

most lane on a link approaching an intersection could only allow for either a left-tum

movement or a through movement. As of TRAF-NETSIM v. 5.0, a left most tum lane

can accommodate both through and left tum traffic which might be the case in many

signalized intersections. Five new channelization codes where added to netsim's logic to

allow all possible lane configurations to be modeled and thus improving the reliability

and credibility of the simulation program.

3- Urban Interchanges:

With the added enhancement of Intra-link lane changing phenomena discussed

earlier, Traf-Netsim can now simulate the behavior of traffic when performing weaving

and merging maneuvers. Furthermore, this new feature gives Traf-Netsim the capability

to simulate multilevel urban interchanges. This allows for more realistic presentation of

multilevel interchanges using the newly developed computer animation graphics system,

which will be discussed later in this chapter. In addition, the graphic capability of

presenting curved links and grade separation has also been added to Traf-Netsim model.

4- Intersection Simulation "Micronodes":

Traf-Netsim has the ability to model intersections in great detail. In this version,

left-tum vehicles will proceed into the intersection and will wait in the middle of the
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intersection until there is a gap long enough to permit a left tum movement. In all the

previous models, left tums would stop and wait at the stop line until an appropriate gap

for left tum was available in opposing traffic. In addition, this new intersection logic

allows for the simulation of vehicle blockage, which may be present within an

intersection. Up to 20 intersections can be simulated as Micronodes.

The Logic Underlying NETSIM Model

TRAF-NETSIM is a microscopic stochastic simulation program which models the

individual vehicular behavior in response to a wide range of traffic conditions

encountered in most cities around the globe. In order to tmly understand how TRAF-

NETSIM works internally, a brief description of the model has been suimnarized and is

presented below.

Every simulation program developed describes some process that extends over

time. While there are several ways of representing the passage of time, the TRAF-

NETSIM model uses an interval scanning approach, which is driven by an internal clock.

In TRAF-NETSIM, all system elements that vary with time are updated either at the end

or during a 'one second' interval. For example, the active indications displayed by the

traffic signal are updated at the end of each second. Since vehicles in the system are

moved during each second if such movement is permissible. Vehicles are actually moved

during the one-second interval in accordance to the car-following rules and gap-

acceptance process.

Vehicles enter the traffic network at entry links, at a uniform rate, and are

proportional to the input volume. Upon entering the network, a right-txmi vehicle and a
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left-turn vehicle are assigned to the right-most lane and left-most lane respectively.

Whereas a through vehicle is assigned to the lane that has the least number of vehicles.

Upon entering a lane, each vehicle reacts according to the car-following rules. If the

vehicle is a leader, and acceleration rate is applied to the vehicle until it reaches a free

flow speed.

Subsequent vehicles in the traffic stream will accelerate to the free flow speed

similarly while maintaining a safe stopping distance between one another. The mean free

flow speed and acceleration rates for each vehicle type are user specified or impeded as

defaults. The TRAF-NETSIM program can accommodate four vehicle fleet components

such as automobiles, trucks, buses and carpools, each with a different acceleration, speed,

vehicle length, headway, and occupancy. All of which can be modified by the user in

order to reflect certain operating characteristics for a specified vehicle fleet. Even within

the same vehicle fleet, say automobiles; drivers may behave somewhat differently to the

same stimuli. TRAF-NETSIM manages to represent such a highly variable environment

by modeling traffic stochastically, using statistical and probabilistic techniques. For

example. Table 2-5 presents default values used by NETSIM for different driver types

ranging from aggressive drivers to very timid drivers.

Columns 1 through 10 in Table 2-5, represents 10 different driver types and the

values in each column are percentages obtained from a decile distribution. These

percentages are multiplied to the mean values (user input) to reflect a specific type of

driver. As each vehicle enters the network, a random number between 1 and 10 inclusive

is tagged to that vehicle. This number is used to extract the proper element of the

distribution representing the vehicle's driver characteristics.
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Table 2-5

Default values used by NETSIM

DRIVER TYPE 1 2 3 4 5 6 7 8 9 10

% multiplier of
mean free-flow

speed

75 81 91 94 97 100 107 111 117 127

% multiplier of
mean start-up lost

time

218 140 125 118 102 86 78 63 47 23

% multiplier of
mean queue

discharge headway

170 120 120 110 110 110 90 70 70 50

For example, suppose the traffic engineer specifies a mean Free-Flow speed of 60

Km/h, a mean Start-Up Lost-Time of 2.5 seconds, and a mean Queue Discharge

Headway of 2.0 seconds and TRAF-NETSIM assigns a random number of 9 to a vehicle

as it enters a specified link. This vehicle will have a free flow speed of 70.2 Km/h

(1.17*60), a start-up lost time of 1.18 seconds (0.47*2.5), and a queue discharge headway

of 1.40 seconds (0.70*2.0), representing what one might call an aggressive driver. When

another vehicle enters the same link, and if its random number is 4, it will have a free

flow speed of 56.4 Km/h (0.94*60), a start-up lost time of 2.95 seconds (1.18*2.5), and a

queue discharge headway of 2.20 seconds (1.10*2.0). Therefore, even if similar vehicles

are on the same link, they may have different operating characteristics representing a

wide spectrum of human behavior.

Another example of how Netsim works is to explain what happens when a lead

vehicle approaches a traffic signal. The simulation program keeps track of the time and

position of each vehicle in the network. Depending on the traffic signal indication facing

the vehicle as it travels downstream, one of the following scenarios will occur. First, if

the signal indication is red, the vehicle will reduce its speed at a deceleration rate of one
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foot/second^ until its speed has dropped 10 percent. Then a deceleration rate of 7

feet/second^ is applied until the vehicle comes to a complete stop.

The second scenario is if the traffic signal indication turns from green to yellow,

the vehicle may either proceed through the intersection or stop. If the position of the

vehicle is at a distance closer than the calculated safe stopping distance from the stop

line, the vehicle will travel through the intersection without stopping. However, if the

vehicle's position is at a distance greater than its safe stopping distance, the vehicle will

stop at the stop line.

The last scenario is if the traffic signal is green, the vehicle will continue traveling

along its path without stopping.

One of the objectives of this research project is to observe and collect the start-up

lost time and queue discharge headway encountered by vehicles as the signal turns from red

to green. This is discussed in great depth in the methodology chapter (Chapter 3). The way

NETSIM discharges vehicles when the traffic signal indication turns from red to green is

shown in Figure 2-1.
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Figure 2-1
Vehicles Discharging from a Traffic Signal
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As can be seen from figure 2-1, the first vehicle in queue will have a delay equal

to the start up lost time, then it will accelerate at a specified rate until it reaches a free

flow speed. The second vehicle in the queue will have a start-up lost time equal to the

mean headway plus 0.5 seconds. The third vehicle in the queue will have a start-up lost

time equal to the mean headway plus 0.2 seconds. The fourth and subsequent vehicles

will leave the stop line at a rate equal to the mean headway.

Similar simulation logic is applied in great detail to all vehicles traversing the

network as they perform different driving tasks. Such as approaching a stop sign, yield

sign, or even how a lead vehicle may react to a lane obstruction due to a bus loading or

unloading in its travel path.

TRAF-NETSIM model uses a number of stochastic processes such as random

sampling from discrete distributions to represent the traffic environment in the real world.

Many behavioral and operational decisions such as free flow speeds, acceleration rates,

and gap acceptance are represented in the model as random processes. The way TRAF-

NETSIM generates random numbers is presented below:

Random number generation in TRAF-NETSIM is based on linear recursive

procedure. This implies that the initial random number seed forms the basis for all

stochastic decisions in the model. Using a multiplicative congruence technique, the

intemal logic of the model will generate a sequence of random numbers by calculating

the next random number from the last random number, given the initial random number

seed. In the current TRAF-NETSIM model the initial value of the random number seed in

user defined or default. The user is asked to provide an odd number of up to eight digits

ending in 1,3,7, or 9. The selection of an odd number (except 5) will guarantee a full
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period for the random numbers. That is, the simulation internal logic procedure will

randomly generate, non-negative integer numbers between 10,001 and 99,999,999 before

any number is repeated in the simulation of random processes.

Input Requirements:

TRAF-NETSIM, a microscopic stochastic simulation program, which simulates

the traffic behavior and traffic control conditions of a network over a period of time, is a

very data intensive program. And in light of the complexity of NETSIM'S capabilities,

the developers of TRAF have strive to make the task of input data as simple as possible.

They have provided a TRAF support program called TRAFEdit to ease the task of data

entry. TRAFEdit is an interactive, menu-driven, micro computer based data program

which allows the users to create an input data file or modify an existing input data file for

the TRAF family. TRAFEdit has two component editors for data entry. The first is the

"smart edit" editor, which is designed to facilitate the creation on new data sets. It is

particularly useful for unfamiliar users on Netsim because it provides information about

the entry fields on individual cards and will disallow many illegal entries. The second is

the "Quick edit" editor, which is designed to ease the task of data "debugging" or

modification changes which are required when developing an input data set.

In order to simulate the traffic behavior on a street network a detailed

representation of the traffic environment must be specified by the user. Specifically, the

following input data are required to run TRAF-NETSIM:

1. The Topology of the roadway system is represented in the form of nodes and

unidirectional links. Nodes may represent intersections or where geometric changes
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in the roadway occur (e.g. added lanes, change of grade, etc.). In addition, traffic

generators; such as off street parking lots and minor streets may be represented by

special purpose nodes referred to as 'sink or source' nodes. Each link represents one

directional segment of a roadway or as an approach to a node.

2. Geometric information for each roadway segment (link). The user must specify for

each link the following:

Number of traffic lanes.

Link length.
Number and length of left or right turn pockets.
Percent grade.
Mean start-up lost time and queue discharge headway.
Free-flow speed.
Pedestrian volumes.

Lane channelization.

Down stream node number receiving through or turning traffic.
Lane alignment.

3. Control input data for each intersection (node). For each node the type of traffic

control device should be specified in great detail. Here, the user specifies if the

intersection is under sign control (Stop or Yield sign) or signal control (Pre-timed or

actuated). If the intersection is under signal control additional information such as

phase sequence, number of phases, duration of phases, offsets, type and location of

detectors, and so on and so forth may be required to run Netsim.

4. Traffic input data. The user must specify traffic demand at entry links and source

nodes in the form of flow rates (VPH). Traffic composition in terms of percent of

trucks, percent of passenger cars, and percent of carpools. And surface-street turning

movements at each intersection coded in terms of percent of traffic or actual flow

rates.
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5. Duration of simulation. TRAF-NETSIM allows for the simulation of traffic and

traffic control strategies which may change over a period of time. The user may

specify up to 19 time periods to accommodate conditions which not only differ from

one location to another, but which may also change with time.

6. As an option, Pedestrian volumes at intersection, bus routes, bus volumes and

location of bus stops may also be specified.

In addition to the input requirement just mentioned, there is a wide range of traffic

parameters which may be modified by the user, specially if calibration of the simulation

model is necessary, in order to more accurately represent the microscopic behavioral

characteristics of the traffic environment under study. These include vehicle type

specifications, vehicle responses to events in the traffic stream, characteristics of vehicle

flow, and duration of certain events effecting the traffic flow.

Measures of Effectiveness Available from TRAF-NETSIM

After the creation of the required input data and the execution of the model,

TRAF-NETSIM will produce a comprehensive set of statistical tabulations describing the

different measures of effectiveness. These MOE's are on a link specific basis, aggregated

over each sub-network, or specified over the entire network. In addition, TRAF-NETSIM

could produce a cumulative output that provides data accumulated since the beginning of

simulation excluding statistics gathered during worm-up or initialization period. Table 2-

6 shows the various statistical outputs available from TRAF-NETSIM.

In addition to the intensive data output produced by TRAF-NETSIM in a

statistical tabular format, an interactive computer graphics system which provides the
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Table 2-6

Various MOE's available from TRAF-NETSIM

LINK SPECMC MEASURES NETWORK-WIDE MEASURES

Vehicle Miles or Kilometers Vehicle Miles or Kilometers

1 Vehicle Trips Vehicle Trips

1 Moving Time (vehicle-minutes) Moving Time (vehicle-hour)

j Delay Time (vehicle-minutes) Delay Time (vehicle-hour)

Total Travel Time

(vehicle-minutes)
Total Travel Time

(vehicle-hour)

Moving/Total Time (percent) Moving/Total Time (percent)

Total Time (minutes/ km or mile) Total Time (minutes/mile or km)

Delay Time (minutes/ km or
mile)

Delay Time (minutes/mile or km)

Total Travel Time

(seconds/vehicle)
Total Travel Time

(minutes/vehicle-trip)

Delay Time (seconds/vehicle) Delay Time (minutes/vehicle-
trip)

Queue Time (seconds/vehicle) Stopped Delay Time
(minutes/vehicle-trips)

Stop Time (seconds/vehicle) Stop Percentage

Percent Stops Average Speed (mph or km/h)

Average Volume (vph) Network Occupancy (vehicles)
Average Speed (mph or km/h) Phase Failure

Average Occupancy (vehicles)
Queue Length by lane (vehicles)
Number of Lane Changes
(vehicles)
Phase Failure
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users with means of analyzing and evaluating simulation results graphically has been

added as a support program to the TRAF family of models. GTRAF version 5.0, which

was developed for the Federal Highway Administration of the U.S. Department of

Transportation was designed as an interactive graphics display program for a traffic

simulation model known as TRAF-NETSIM version 5.0. GTRAF is subdivided into two

parts: SNETG and ANETG. SNETG is used to present "static" displays in a graphical

format while ANETG is used to presents "dynamic" or animated displays. Figure 2-2

shows the hierarchy of the logical structure of the GTRAF program.

GTRAF, a microcomputer-based interactive program is a very useful feature,

which has been added as a support tool to graphically display the wealth of information

produced by TRAF-NETSIM. This graphics program provides transportation engineers

with a highly effective capability of reviewing the input data and analyzing the results

generated by TRAF-NETSIM. In addition, it aides researchers in presenting their

findings or recommendations to policy makers in a graphical or animated format which is

an efficient, and somewhat entertaining way to gain insight into the specific traffic

strategies being analyzed.

This research has relied on the animated feature in GTRAF to check the

geometric input data (number of lanes, turning bays, etc.), the traffic input data (traffic

volumes), and the traffic control input data (signal timings, phase sequence), to the actual

data observed in the field.

In summary, TRAF_NETSIM produces a vast amount of simulation output in the

form of statistical tables, and it will be very time consuming and would require

considerable skills to manually convert these statistical data presented by NETSIM into
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graphical information. In addition, there are some professionals who are reluctant to

accept the idea that a computer simulation can actually describe the complex process of

traffic flow at an acceptable level of accuracy and reliability. The GTRAF graphics

software was designed to specifically demonstrate TRAF-NETSIM'S ability to

realistically represent the traffic environment, thus increasing the validity and credibility

of the simulation program.

Microcomputer Version of TRAF-NETSIM Model

The TRAF-NETSIM computer program is written in FORTRAN language and

was originally indented for mainframe computers. However as part of the maintenance

and support activity for the TRAF simulation software, a microcomputer version of the

TRAF-NETSIM simulation program has also been developed. This microcomputer

version of TRAF-NETSIM requires an IBM XT, AT, with a 386 microprocessor (or

compatible) with 640 kilobytes of conventional memory, a 25 megabytes of free hard

disk and a monitor. To be able to view graphic outputs, a VGA (Video graphic adapter)

color monitor is required along with at least 8 megabytes of extended memory (8

megabytes of RAM). Simulation time varies depending on the size of the network being

simulated, the traffic volumes specified, and the hardware available on the computer

running TRAF-NETSIM.
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CHAPTER m

RESEARCH METHODOLOGY

Introduction

During the past decade, transportation engineers have been utilizing computer-based

simulation programs to aid in the design and evaluation of a wide range of transportation

management strategies. TRAF-NETSIM, a microscopic computer simulation program,

which simulates the behavior of traffic flow stochastically, is probably one of the most

widely used and accepted traffic simulation model in the United States of America. The

methodology utilized in this research used the TRAF-NETSIM version which is part

of the TRAP family of models, to determine the adaptability and applicability of this model

in predicting the traffic flow performance in Amman, Jordan. This was accomplished by

measuring specific traffic parameters from an actual street segment, collecting all the

required input data from the street network, comparing the simulated output with specific

field measurements, calibrating the model, and validating the calibrated model in a second

street network.

Analytical Analysis

A wide range of embedded, default traffic parameters in TRAF-NETSIM model

reflects drivers' performance and traffic conditions that exist in The United States of

America. Some of these parameters were expected to be different in Jordan and if so,
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modified accordingly to better represent the local driving environment. These include driver

and vehicle response to changes in the traffic environment and characteristics of vehicle

flow.

The following is a list of the calibration parameters that are embedded within the

TRAF-NETSM model.

1. Mean value of start-up lost time for the first vehicle.
2. Mean queue discharge headway.
3. Desired free flow speed.
4. Distribution for start up lost time.
5. Distribution for queue discharge headway.
6. Distribution of free flow speed.
7. Left-tum jumper probabilities.
8. Maximum allowable turning speeds.
9. Lane switching acceptable lag.
10. Probability of a vehicle joining a spillback.
11. Left turn lagger turn probability.
12. Effective length of vehicle type.
13. Acceptable gap in near-side cross traffic for vehicles at a stop sign.
14. Additional time for far-side cross traffic for vehicles at a stop sign.
15. Amber phase response.
16. Acceptable gaps in oncoming traffic for left-tumers.
17. Acceptable gaps in oncoming traffic for light-tumers.
18. Delay due to pedestrian conflicts.
19. Distribution for short-term event duration.

As can be seen, there is a wide variety of embedded default parameters used

internally by NETSIM, some of which may, or may not be applicable to the local

environment being simulated. In addition, some of the parameters are more important than

other parameters, since they may have a greater impact on the selected MOE'S. To identify

which parameters meet the above criteria a detailed look at each embedded parameter is

presented.

47



1. Mean value of start-up lost time for 1st vehicle:

The new version of TRAF-NETSIM (release 5.0) has modified the default value of

start-up lost time from 2.5 seconds to 2.0 seconds according to a recent study conducted in

Maryland and published by NCHRP. The start-up lost time value is the delay

experienced by lead vehicles in a standing queue when the traffic signal changes from red to

green. Start-up lost time is a representation of how fast or slow a driver may react to a given

stimulus. This value will be measured in the field to determine the appropriate value needed

to accurately calibrate the model.

2. Mean queue discharge headway:

The new version of TRAF-NETSIM release 5.0 has also modified the default value

of mean queue discharge headway from 2.2 seconds to 1.8 seconds according to the latest

study conducted in Maryland and published by NCHRP. By definition, it is the time-gap

between vehicles discharging fi-om a standing queue. This value is a representation of how

aggressive drivers may react as they move up to the stop line. This value will be measured in

the field to determine the appropriate value needed to calibrate the NETSIM model.

3. Desired free flow speed:

As each vehicle enters an approach (Unk), it is assigned an unimpeded free-flow

speed. This is obtained by multiplying the specified unimpeded mean free-flow speed for

that link by a percentage. The default used by NETSIM is 30 mph (48 km/h). The desired

free flow speed does influence the travel time and delay values on a particular link.
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Therefore, this parameter will be modified according to the posted speed limit on the

selected street network in Amman, Jordan.

4. Distribution for start up lost time:

The first vehicle in the queue will incur some start-up lost time. This is calculated by

multiplying the free-flow speed by a percent obtained from the following decile distribution.

Driver

Characteristic

K

1 2 3 4 5 6 7 8 9

1Link Type 1 218 140 125 118 102 86 78 63 47 23 1
Link Type 2 258 190 143 114 95 76 57 38 29 0

For example, as a vehicle enters a link it will be assigned a random number from 1

to 10 inclusive. Assuming that this number is 7 with a start-up lost time of 2.0 seconds. Then

the start-up lost time of this vehicle would be 2.0 * 0.78 or 1.56 seconds. This decile

distribution will be changed to reflect the local driving environment.

5. Distribution for queue discharge headway:

As each queued vehicle moves up to the stop line, it is assigned a delay until discharged,

reflecting the queue discharge headway. This is calculated by multiplying the mean queue

discharge headway by a percent obtained from the following decile distribution.

Driver

Characteristic

K

1 2 3 4 5 6 7 8 9 10

Link Type 1 170 120 120 110 100 100 90 70 70 50

Link Type 2 180 140 120 110 100 90 80 70 60 50
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For example, as a vehicle enters a link it will be assigned a random number from 1

to 10 inclusive. Assuming that this number is 7 and the specified mean queue discharge

headway is 1.8 seconds. Then the discharge headway for this vehicle would be 1.8 * 0.9 or

1.62 seconds. This decile distribution will be change to reflect the local driving

environment.

6. Distribution of free flow speed

As each vehicle enters an approach (link), it is assigned a free flow speed. This is

obtained by multiplying the unimpeded free-flow speed by a percent obtained from the

following decile distribution.

1 Driver 1 2 3 4 5 6 7 8 9 10

Characteristic

K

% Multiplier
of Free-How

Speed

75 81 91 94 97 100 107 111 117 127

For example, as a vehicle enters a link, it will be assigned a random number from 1

to 10 inclusive. Assuming that this number is 7 and a free flow speed of 30 mph was entered

by the user. Then the free flow speed of this vehicle would be 30 * 1.07 or 32.1 mph. This

decile distribution seems to be reasonable and will remain the same.

7. Left-turn jumper probabilities:

A left turn jumper is a vehicle that is first in queue when the signal changes from red to

green, and executes the left-tum maneuver (iimnediately) before the on-coming queues can
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discharge. This is applicable only when there is a permitted left tum and will not be

applicable in Amman since all left-tums at signalized intersections have a protected phase.

This embedded value will not be applicable.

8. Maximum allowable turning speeds;

A moving vehicle unimpeded by others must slow as they approach an intersection

if they are to negotiate a right or left turning maneuver. The embedded default speeds

applied deterministically are 13 fjps (4 m/s) and 22 ̂s (7 m/s) for right and left tumers

respectively. This parameter will not have a great impact on travel time or delay on the

arterial street. Therefore it will not be changed.

9. Lane switching acceptable lag:

A vehicle cannot switch lanes unless an acceptable lag is available in the target

lane. The embedded default applied deterministically is 3.1 seconds. This parameter

might have a significant effect on travel times and delay. However, it is difficult to

measure in the field due to the limited resources available to the analyst.

10. Probability of a vehicle joining a spill-back:

A vehicle, which faces a spillback condition on its receiving link at the time it is

about to discharge, must decide whether to discharge or wait until the spillback ahead

dissipates. The probability of a vehicle joining a spillback comprised of I vehicles is shown

below:

I 1 2 3 4

Probability 100 81 69 40
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These probabilities seems reasonable, therefore will not be changed.

11. Left tum lagger turn probability;

A left tum lagger is a queued vehicle that executes a left-tum across opposing traffic

during a NO GO interval immediately following a left-tum GO (and AMBER) interval. If a

left-tumer is at the stop line within 2 seconds after the start of the NO GO interval, the

probability that he will execute the tum movement is stored in LTLAGP(l); if within 4

seconds, in LTLAPG(2); if within 5 seconds, in LTLAGP(3). The embedded default values

are:

LTLAGP(1) = 97%
LTLAGP(2) = 77%
LTLAGP(3) = 37%

These probabilities seem reasonable and if modified slightly will not significantly effect the

travel times and delay at the main arterial street. Therefore these values will not be changed.

12. Effective length of vehicle type:

The effective length of vehicles includes the vehicle length plus an inter-vehicle

spacing of 3-ft (Im). The embedded default values are:

I Fleet Length
Component

1 Auto 20 feet (6 meters)
2 Truck 37 feet (11 meters)

3 Carpool 20 feet (6 meters)
4 Bus 50 feet (15 meters)

These values seem reasonable since the traffic fleet in the United States and Jordan are
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similar. (There are American cars, German cars, and Japanese cars etc.) However, a 5th fleet

will be added since Amman has both Mini buses (20 to 25 seats) and large buses operating

as public transit vehicles on the proposed network.

13. Acceptable gap in near-side cross traffic for vehicles at a stop sign:

A vehicle at a stop-line facing a STOP sign cannot discharge until an acceptable gap

is available in the nearside cross street. The nearside cross street is always the approach to

the left of the STOP sign approach. The acceptable gap (in tenths of a second) is based upon

driver characteristic code I, and is chosen from a decile distribution. The embedded default

values are:

Driver Characteristic I 1 2 3 4 5 6 7 8 9 10

Acceptable Gaps 56 50 46 42 39 37 34 30 26 20

14. Additional time for far-side cross traffic for vehicles at a stop sign:

Time in addition to acceptable gap required for vehicles to cross the far side cross street

at a STOP sign. The far side cross street is always the approach to the right of the STOP sign

approach. The additional time (in tenths of a second) required to cross the far side cross

street depends on the total number of lanes to be crossed, and is chosen from a decile

distribution.

The embedded default values are:

Total lanes to

clear the intersection

1 2 3 4 5 6 7 8 9 10

Additional time 12 21 26 31 35 39 42 46 49 51
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Acceptable gaps at stop signs will not be changed because the proposed study period is

the afternoon peak, and the majority of vehicles will be turning into the side streets, as

opposite to turning into the main street. This is trae for both of the proposed networks, since

there are residential neighborhoods at both sides of the main arterial street.

15. Amber phase response:

The response of a lead-moving vehicle in a lane that has no queue at the instant the signal

turns amber, is expressed in terms of an acceptable deceleration rate. The embedded default

values, in ft/sec^ are:

1 Driver Characteristic K 1 2 3 4 5 6 7 8 9 10

1 Acceptable 21 18 15 12 9 7 6 5 4 4

1 Deceleration

This parameter will not be changed since it will be difficult to observe due the limited

resources and equipment available for the analyst.

16. Acceptable gaps in oncoming traffic for left-tumers:

Acceptable gaps for left-tuming vehicles in the oncoming traffic. The embedded

default values, in tenths of a second, are:

Driver Characteristic K 1 2 3 4 5 6 7 8 9 10

Acceptable Gaps 78 66 60 54 48 45 42 39 36 27

This parameter will not apply since all left-tumers in the proposed network will have their

own signal phase indication.
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17. Acceptable gaps in oncoming traffic for light-tumers:

Acceptable gaps in oncoming traffic for right-tumers to complete a RTOR

maneuver. The embedded default values, in tenths of a second, are:

Driver Characteristic 10

+ K

11 12 13 14 15 16 17 18 19 20

Acceptable Gaps 100 88 80 72 64 60 56 52 48 36

This parameter will not be applied since RTOR is prohibited in Jordan.

18. Delay due to pedestrian conflicts:

The amoimt of pedestrian conflict is determined by the intensity of the pedestrian

flow and the elapsed time since the begiiming of the green phase. There are two kinds of

conflicts defined by a statistical decile distribution, along with the duration of vehicle delay,

in seconds. The embedded default values are:

I 1 2 3 4 5 6 7 8 10 1
Weak Interaction 0 0 0 0 0 0 0 1 2 6

10 +1 11 12 13 14 15 16 17 18 19 20

Strong Interaction 0 0 0 1 2 3 4 5 8 15

Here, I reflect a random number between 1 and 10, inclusive. The time between

strong and weak interaction is expressed in terms of the elapsed time since the beginning of

green. At the beginning of the phase, strong interaction prevails. However, for the rest of

that phase, weak interaction is in effect. The embedded default values for the duration of a

strong pedestrian interaction are:
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Light Pedestrian Flow 0 seconds

Moderate Pedestrian Flow 10 seconds

Heavy Pedestrian Flow 25 seconds

The proposed network has very few, if any pedestrian crossing at the signalized

intersection. Therefore these values will not be changed.

19. Distribution for short term event duration:

The duration of a short-term event is assigned by multiplying the specified duration

(Record Type 54), for that link, by a percentage extracted from a decile distribution. A

short-term event is applicable only if vehicles are illegally parked, standing, or stopping in

lane 1 (Curb lane). The embedded default duration of short-term event, in percent are:

|I 1 2 3 4 5 6 7 8 9 10 1
% Multiplier of short
term event duration

10 20 30 40 50 70 100 130 180 370 1

Here, I reflect a random number between 1 and 10, inclusive. This parameter seems

reasonable and will not be changed.

A brief description of the traffic parameters embedded into TRAF-NETSIM model

has been presented. These parameters are treated in the model as default values representing

traffic conditions that may be applicable in the absence of actual field values. This research

will measure the following five traffic parameters in the field under normal driving

conditions. These values will be used to calibrate the TRAF-NETSIM model to best

represent the Jordanian driving environment.

1. Mean value of start-up lost time for 1st vehicle.
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2. Mean queue discharge headway.

3. Desired free flow speed.

4. Distribution for start up lost time.

5. Distribution for queue discharge headway.

In order to reach the desired goals and objectives of this research mentioned in

chapter I, several steps where taken and are presented in the following:

Network Selection

The first task taken by this research was to identify two arterial streets in Amman -

Jordan. The first arterial street was used in the evaluation and calibration of TRAF-

NETSIM; the second arterial street was used in the validation of the calibrated model.

After studying and touring the streets of Amman for several days, two main arterial

streets that contained both signalized and unsignalized intersections were chosen for the

purpose of this research. To assure the successfulness of this project and to insure that the

two arterial streets were typical streets representing traffic conditions in Amman-Jordan, the

following guidelines were established to facilitate in the selection of the study sites.

1. The study sites had to be within the city limits due to the willingness of The

Greater Amman's Traffic Engineering Department to assist in supplying the

traffic signal timings.

2. The street network should contain intersections that are controlled by stop signs,

pre-timed and/or actuated signals, and signals with different cycle lengths.

3. The street network should be traveled by a variety of automobiles such as:

Private and public automobiles, trucks, and buses.
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4. The street network should not contain any abnormal traffic conditions such as

road maintenance, detours, or special events.

5. The site should contain near-by buildings to permit for the appropriate camera

setup used in the collection of all traffic input data required to run the TRAF-

NETSM simulation model.

It should be mentioned that the last criteria presented above, was related to the

accuracy of the data collection technique utilized by this research. The exact location and

procedural information will be discussed in more detail later in the chapter.

The first arterial street network (presented in Figure 3-1), here after referred to as the

Test Network, is a 4 lane divided arterial. The major arterial street name is Mecca Street,

which contains three fiilly actuated signalized intersections and is approximately 2500

meters long (1.562 miles).

The second arterial street network (shown in Figure 3-2), here after referred to as the

Validation Network, is a 4 lane divided arterial. The major arterial name is Al-Shareef

Nasser Bin Jameel Street, (or Safeway Street) which contains four actuated signalized

intersections and is approximately 15(X) meters long (0.937 miles).

The Test Network was utilized in the following manner

1. Evaluate and test the TRAF-NETSIM model using the embedded default values.

2. Collect the five traffic parameters to replace the TRAF-NETSIM'S embedded

default values.

3. Evaluate and test the calibrated model using the parameters obtained from 2

above.
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The Validation Network was utilized in the following manner:

• Model Validation, the purpose of this step is to determine whether of not the

calibrated model can accurately simulate traffic conditions in the Validation

Network.

Measures of Effectiveness (MOE's)

TRAF-NETSM, a microscopic simulation program, that simulates the traffic

system and predicts the effects of different traffic engineering and transportation systems

management strategies on the system's operational performance, expressed in terms of

measures of effectiveness. These MOE's are calculated for each specific link or for the

network as a whole and are presented by the model in a statistical tabulation format. The

specific measures of effectiveness selected for the evaluation of driver performance in

Amman, Jordan were as follows:

1. link Travel Time:

Travel Time is defined as the average travel time for a single vehicle on a

specific link expressed in terms of seconds per vehicle.

2. Delay Time (Route Delay Time):

Delay Time is defined as the average delay time for a single vehicle on a

specific link expressed in terms of seconds per vehicle.

Figure 3-3 shows the relationship between Travel Time, Moving Time, and Delay Time for

vehicles travelling along a link.
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Figure 3-3
Relationship between Travel Time and Delay Time

A vehicle traveling from node 1 to node 2 would enter the link at time T1 and would

exit the link at time T2. Therefore the travel time for this vehicle would simply be the

difference between entry time and exit time. This is expressed as:

Travel Time = T2-T1

Assuming that there is no impedance on the road, then the vehicle would enter the

link at time T1 and would exit the link at time T3, while traveling along the link at the

vehicle's free flow speed. Therefore, this travel time would represent the fastest travel time

possible, for this vehicle, as it travels along the link. This time is referred to Ideal Travel

Time and it is expressed as:

Ideal Travel Time (Moving Time) = T3 - T1
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Delay time is the time spent on the link by a vehicle in excess of its' Ideal Travel

Time. This is expressed as:

Delay Time = T2-T3

These measures of effectiveness were selected because they are good indications of

the system's performance and most importantly are relatively easy to observe in the field.

Field Study

The field study was a major step in this research project. The TRAF-NETSIM

simulation program is very data intensive and requires detailed information to accurately

represent the traffic environment being analyzed. The simulation program requires

information concerning the geometric representations for each roadway segment, traffic

volumes and turn movements at each intersection, and type of traffic control being used

along with its duration.

The Municipality of Amman did not have detailed maps or traffic volumes for the

selected sites. Therefore, a local surveying fum was hired to map the selected sites, which

were needed to accurately code the network into TRAF-NETSIM. In addition a local video

camera crew was hired to video tape all the traffic volumes at main intersections in order to

produce traffic counts, turning percentages and traffic composition needed to execute

accurately the TRAF-NETSIM model.
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Video Study

As mentioned earlier, a local video camera crew equipped with the state of the art

equipment was hired to setup and record the traffic activities for both the Test Network and

Validation Network. These tapes were later used to gather detailed information on traffic

counts, turn percentages, and traffic composition through out the study period.

Test Network:

In order to capture all of the traffic activities along the Test Network (Figure 3-1), a

total of seven video cameras were setup strategically on the roofs of three buildings. Each of

the buildings were close to the three signalized intersections and were elevated adequately to

permit the video lens to capture all turning movements at the signalized intersections. Figure

3-4 shows the approximate locations of the buildings along with the number of video

cameras and their respective angle of view. Due to social and cultural circumstances in

Amman, Jordan, the official pubhc holiday of each week, is Friday. In addition, the majority

of goverrunent agencies work from 8:00 AM until 2:00 PM. The data-collection phase

started on Saturday, May 10,1997 and continued for a total of seven days vmtil Friday, May

16,1997. The video cameras recorded traffic volumes continuously for a period of 2 hours,

from 12:30 PM until 2:30 PM of every day. At the end of seven days of video filming, a

total of 49 videos each 2 hours long were collected. The videotapes were at a later date

viewed by the researcher with the help of an associate, in order to retrieve traffic volumes;

turning percentages and vehicle classifications along the Test Network. This phase of data

viewing and recording took an extensive amount of time, since all of the videotapes were

viewed several times, in order to capture all the traffic activities.
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Validation Network:

In order to video tape all the required traffic volumes from the Validation

Network (Figure 3-2), a total of five video cameras were setup strategically on top of two

buildings. Each building was close to two signalized intersections and their elevation

allowed the video camera lens to record all the traffic volumes and turning movements,

within the arterial. Figure 3-5 presents the approximate locations of the buildings, along

with the number of video cameras and their prospective views. The data-collection phase

for the validation network started on Saturday, June 27,1998 and proceeded for seven

days until Friday, July 3,1998. The camera operators recorded traffic volumes

continuously for a period of 2 hours from 12:30 P.M. until 2:30 P.M. of every day. At the

conclusion of seven days of video filming, a total of 35 videos, each 2 hours long, had

been compiled. The videotapes were at a later date viewed by the researcher and

colleague, in order to recover traffic volumes, turning percentages, and vehicle

classifications along the Validation Network. This phase of data viewing and recording

also required an extended period of time, since each videotape had to be viewed multiple

times, to capture all the traffic activities.

Prior to filming on both the Test and Validation Networks, the owners of all the

selected buildings were informed by the researcher on the scope of this project. After which,

permission for the filming crew to setup and access a power supply for our video cameras

was granted. Each video camera was equipped with a supplementary battery, in the event of

probable local power failures. In addition, all the video camera's intemal clocks were

calibrated to the closest minute, so that all the data collection would start at the same time.
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Furthermore, to avoid any interruptions from police officers questioning the purpose

of our activities, official permits for filming were obtained. This necessitated that the

researcher, along with the Head of the Municipality of Amman's Traffic Department,

contacted the Traffic Police Authority and informed them on the scope, location and

duration of each phase of video filming, previous to the scheduled collection date.

Floating Car Study

The specific measures of effectiveness selected for the evaluation of driver

performance were Average Travel Time and Average Delay Time of vehicles along the

arterial street. The first measure of effectiveness. The Average Travel Time, was

measured in the field, in accordance to the Test Car Technique presented in the Manual

of Transportation Engineering Studies A Travel Time study measures the time

required to transverse a given section of the roadway. Historically, there are two driving

strategies used to obtain representative travel times. The first is the "floating car" method,

in which the driver attempts to approximate the average speed by passing as many

vehicles, as pass the driver. The second the "average speed" method, in which the driver

travels at a speed that in his opinion, is representative of the speed of the traffic at every

point. In other words the driver attempts to "go with the flow" as he travels along the

roadway. The latter method was chosen for this research, since it had shown by previous

tests excellent correlation with actual average travel times The researcher along with

a colleague, each drove their car measuring travel times between designated points along

the arterial street. In order to compare the field measured and computer simulated Travel

Times under similar traffic-volume conditions, the data collection was performed
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simultaneously during the video camera procedure outlined in the video study above for

both the Test and Validation networks. A 9-lap memory stopwatch was used to keep

track of the travel times between intersection along the arterial. The driver would start the

stopwatch at the beginning of the test site and would press the lap button at successive

control points along the route. The driver would then record the lap times on a designated

worksheet at the end of each run. The test runs started at different time points in the

signal cycle, to avoid having all trips be a first in the platoon placement. The number of

runs recorded on the Test Network was 7 runs per direction (WB, EB) and on the

Validation Network ranged from 8 to 10 runs per direction of travel (NB, SB) per

recording day. The statistical analysis of the Travel Time Study is presented in the next

chapter.

Calibration Parameters

A brief description of the traffic parameters embedded into TRAF-NETSIM model

was presented in the Analytical Analysis section. These embedded parameters are treated in

the model as default values representing traffic conditions that may be applicable in the

absence of actual field values. This research will measure the Mean Discharge Headway and

the Mean Start-Up lost time along with their respective distributions in the field under

normal driving conditions. These modified or calibrated traffic parameters will replace the

default values in TRAF-NETSIM in order to calibrate the simulation model.

1. Mean Discharge Headway (Saturation Headway)

In order to coUect Average Discharge Headway's at intersections a Saturation Flow
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study using a stopwatch was perfoimed. This study was accomplished by observing

vehicle's discharging from a link when the signal turns from red to green. The observer

situated on the rooftop of a three-story building located near an approach to a signalized

intersection measured Discharge Headway's of passenger cars. This assured a clear view of

the approach being observed, the stop line, and the signal indication. In addition, it made the

observer extremely inconspicuous, thereby minimizing any disturbance in the natural

behavior of traffic flow. The observer started the stop watch when the rear axle of the third

vehicle in a queue, that had been stationary while waiting for the green phase crossed the

stop line, and stopped the stop watch when the rear axle of the seventh, eighth, or ninth

vehicle in queue, crossed the stop line (which was the last vehicle in the stopped queue at

the instant the signal tumed green). This study was performed mid-week during the month

of April on Monday the 28'*', Tuesday the 29*, and Wednesday the 30*, 1997. This study

followed the procedure for studying saturation flow with a stopwatch outlined in both the

Manual of Transportation Engineering Studies, and Traffic Engineering Handbook.

The statistical analysis for the mean discharge headway is presented in the next chapter.

2. Mean Start-Up Lost Time

Start-up lost time by definition is that time that occurs between the instant the green

signal indication starts and the queue begins moving efficiently. Therefore, Start-up lost

time for the first vehicle in queue when the signal turns to green can be computed by

subtracting the difference in time between the start of the green phase and the passing of the

rear axle of the first vehicle in queue. This study was performed simultaneously during the

measurement of the Mean Discharge Headway discussed above. The observer measured the
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Start-up lost time for the first vehicle by starting the stopwatch when the signal turned from

green to red and stopped the stopwatch when the rear axle of the same vehicle crossed the

stop line. The statistical analysis of the Start-Up Lost Time study along with its distribution

is presented in the next chapter. It should be mentioned that this study followed the

procedure for Start-Up Lost Time Studies as outlined in the Manual of Transportation

Engineering Studies.^^^^ The statistical inquiry of this study is discussed in the Statistical

Analysis Chapter.

Simulation Study

The TRAF-NETSIM model, which simulates the behavior of individual driver-

vehicle combinations in an urban street network, is a microscopic, stochastic simulation

program. The simulation output produced by TRAF-NETSIM contains a great deal of

variability from one simulation run to the next. This variability is present in the model due to

the highly attractive probabilistic nature in TRAF-NETSIM and tends to be more apparent

in microscopic simulation programs. To reduce the variability in the model's generated

output, which can have a negative effect concerning the reliability and realism of the

simulation model, a new feature was added to the TRAF-NETSIM model that allows the

users to simulate with traffic streams exhibiting the same routing pattems and driver-vehicle

combinations. This new feature, the Identical Traffic Streams, which was discussed in depth

in chapter H, allowed the user to specify two random numbers seeds to control all stochastic

decisions. The first random number seed is the "base seed" and is used to generate the traffic

movement for a given simulation run. The second random number seed is the 'common
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seed' and is used for all time-dependent stochastic decisions (i.e. accepting available gaps

for turns, determining location and duration of events, etc.).

In order to reduce the variance between simulation runs, this research will use

multiple independent replications. Independent replications in simulation experiments

refers to the execution of the simulation model several times for a given set of identical

input data, except the random number seed is changed between runs This research

will use a set of identical random numbers for the "base seed" for each simulation run

and will not change any other input data. This variance reduction technique is known as the

Common Random Numbers (CRN) reduction procedure in simulation experiments' It

should be emphasized that the reason for making several runs in TRAF-NETSIM is to

increase the probability that the mean of the runs is accurately representative of the mean of

the distribution, thus obtaining more reliable results. However, other issues concerning

the statistical aspects of simulation experiments have not been answered. This research will

attempt to resolve issues of concems such as:

-  How many simulation runs should be made?

-  How long should each simulation run be?

-  How long should the initialization period be?

In order to get meaningftil simulation results with a desired level of accuracy these questions

will be addressed in the Statistical Analysis presented in the next chapter.

Input Data

TRAF-NETSIM, a microscopic stochastic simulation program, which simulates

the traffic behavior and traffic control conditions of a network over a period of time, is a
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very data intensive program. In order to simulate the traffic behavior on both the Test

Network and the Validation Network, a detailed representation of the traffic envirorunent

had to be specified. Specifically, the following input data were required to run TRAF-

NETSIM model.

1- The Topology of the Network.

The topology of both arterial streets in the form of nodes and uni-directional links

was specified. Nodes represented intersections or where geometric changes in the

roadway occurred (e.g. added lanes, change of grade, etc.). In addition, each link

represented one directional segment of a roadway or as an approach to a node. Figures

3-6 and 3-7 shows both the Test and Validation Street Networks respectively, in the form

of Link-Node diagrams.

2- Geometric' for each roadway segment (link).

The following was specified for each link through out the arterial street network:

• Number of traffic lanes.

• Link length.

• Number and length of left or right turn pockets.

•  Percent grade.

• Mean start-up lost time, queue discharge headway, and free-flow speed.

• Lane channelization.

• Down stream node number receiving through or turning traffic.

•  Lane alignment.
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3. Control input data for each intersection (node).

For each node the type of traffic control device was specified in great detail. Both

arterial street networks had intersections controlled by stop signs and actuated traffic

signals. For those intersections under traffic signal control, additional information such as

phase sequence, number of phases, duration of phases, offsets, type and location of

detectors, and so forth and so on, was required to run TRAF-NETSIM. The test and

validation networks had three and four fully actuated traffic signals respectively. The

Amman Traffic Engineering Department supplied signal timings for all the signalized

intersections on both arterial streets. Tables 3-1 and 3-2 shows the signal timing on both

the test and validation networks.

4. Traffic Volumes.

This research collected all the required traffic volume data using video cameras

located at advantage points to capture the traffic volumes through out the arterial street.

The traffic demand at entry links and source nodes were defined in the form of flow rates

(VPH); surface street turning movements at each intersection were also coded in terms of

percent of traffic. In addition, traffic composition in terms of percent of trucks, and

percent of passenger cars were also coded into the TRAF-NETSIM simulation model for

both street networks. Tables 3-3 and 3-4 shows a summary of total traffic volumes

expressed in VPH during the first (12:30 - 13:30) and second hour (13:30 - 14:30) of

data collection on both the test and validation networks.
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TABLE 3-1

Signal Timing for the Test Network

TEST NETWORK (MECCA STREET)

JABER INTERSECTION (NODE 100)

Phase From node To node

Left Through Right
Stage Times (sec)
Min. Max.

Amber

Time (sec)
All Red

(sec)

A 225 102 103 7.0 30.0 3.0 1.0

B 225

103

103

104

7.0 25.0 3.0 1.0

C 102 103 104 7.0 17.0 3.0 1.0

OLO INTERSECTION (NODE 200)

Phase From node To node

Left Through Right
Stage Time (sec)
Min. Max.

Amber

Time (sec)
All Red

(sec)

A 201 212 210 122 6.0 25.0 3.0 1.0

B 335 202 122 201 6.0 30.0 3.0 1.0

C 202 122 201 212 6.0 20.0 3.0 1.0

D 122 201 212 202 6.0 35.0 3.0 1.0

RABIA INTERSECmON (NODE 300)

Phase From node To node

Left Through Right
Stage Time (sec)
Min. Max.

Amber

Time (sec)
All Red

(sec)

A 308 302 331 303 7.0 30.0 3.0 1.0

B 302 331 303 308 7.0 20.0 3.0 1.0

C 224 303 308 302 7.0 30.0 3.0 1.0

D 303 308 302 331 7.0 20.0 3.0 1.0
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TABLE 3-2

Signal Timing for the Validation Network

VALIDATION NETWORK (SAFEWAY STREET)

ABU ANZ 1 INTERSECTION (NODE 100)

Phase From node To node

Left Through Right
Stage Times (sec)
Min. Max.

Amber

Time (sec)
All Red

(sec)

A 104

200

200

104 101

7.0 30.0 3.0 1.0

B 101 200 104 7.0 25.0 3.0 1.0

C 104 101 200 5.0 20.0 3.0 1.0

ABU ANZ 2 INTERSECTION (NODE 200)

Phase From node To node

Left Through Right
Stage Time (sec)
Min. Max.

Amber

Time (sec)
All Red

(sec)

A 220

100

100

220

7.0 30.0 3.0 1.0

B 202 100 201 220 7.0 25.0 3.0 1.0

C 220

100

202

201

5.0 20.0 3.0 1.0

EMBASEDOR INTERSECTION (NODE 300)

Phase From node To node

Left Through Right
Stage Time (sec)
Min. Max.

Amber

Time (sec)
All Red

(sec)
A 310 301 400 302 5.0 10.0 3.0 1.0

B 310

400

400

310

302

301

5.0 80.0 3.0 1.0

C 400 302 310 301 5.0 30.0 3.0 1.0

D 302 310 301 400 5.0 15.0 3.0 1.0

SAFEWAY INTERSECTION (NODE 400)

Phase From node To node

Left Through Right
Stage Time (sec)
Min. Max.

Amber

Time (sec)
All Red
(sec)

A 300 401 403 5.0 40.0 3.0 1.0

B 300

403

403

300

5.0 50.0 3.0 1.0

C 401 403 300 5.0 45.0 3.0 1.0
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CHAPTER IV

STATISTICAL ANALYSIS

Introduction

The data analysis of the applicability and adaptability of a microscopic urban

simulation model is presented in this chapter. Engineers and scientists rely on statistical

analysis techniques as a tool to aid researchers in conducting scientific experiments.

However, the major aspect of statistical inquiries, is to incorporate specific procedures for

reasoning mathematically from numerical observations of variables in the form of raw

data, into what is known as statistical conclusions; which comprise the object of a

specific study.

This research utilized Traf-Netsim (version 5.0), a highly accepted network

simulation model among the profession, to test the general hypothesis of whether or not

Traf-Netsim can simulate the traffic behavior on selected roads in the city of Amman,

Jordan. The verification and validation of the simulation model was accomplished

through actual field observations on two selected sites. The two sites are The Test

Network and The Validation Network, both of which were presented in the Methodology

chapter.

The Test Network was used for the following:

1. To collect the Mean Start-Up Lost Time and Mean Queue Discharge Headway

along with their distributions to be used in the calibrated Netsim model.

81



2. To measure Travel Time at predetermined locations along the arterial.

3. Compute Delay Time. This is route delay time not intersection delay time, and

it is defined as the difference between Travel Time and Ideal Travel time.

Where;

-  Travel Time is the actual time traveling on a specific links under the

existing traffic and roadway conditions.

-  Ideal Travel Time is the time traveling on a specific link under free

flow conditions. This is computed by dividing the link length by the

posted speed limit.

4. To determine if the simulated travel times and delay times derived from Traf-

Netsim are different when using the default or calibrated parameters. Also to

determine if the simulated values are different from the measured values

obtained during the floating car study.

The Validation Network was used for the following:

1. To measure Travel Time at predetermined locations along the arterial.

2. To compute Delay Time.

3. Model Validation: To evaluate if the simulated travel time and delay time

using the calibrated Netsim model differ from the measured values obtained

from the floating car study while traveling along the validation network.

This research will use the Statistical Analysis Software version 7.0 (abbreviated

SAS), a known and respected statistical package among scientists and engineers, to test

and analyze data collected in the field against data produced by the Traf-Netsim model

while simulating the traffic environment in Amman, Jordan. Specific statistical test

82



procedures in SAS will be employed to evaluate and test the different hypotheses

underlined in this research. The reminder of this chapter is devoted to hypotheses testing,

evaluating and data presentation.

Test Network

The first site, referred to as the Test Network, is a segment of Mecca Street and is

approximately 2.5 Kilometers long (or 1.562 miles). The Test Network as the name

implies was used to test the following:

In order to calibrate the Traf-Netsim model, several traffic parameters were

collected under existing traffic conditions to reflect the behavior of the local enviroiunent

and thus, the behavior of a Jordanian driver to a specific stimulus. The traffic parameters

used to calibrate the Traf-Netsim model are:

a- The mean Start-Up Lost Time for the first vehicle when the traffic signal

indication changes from red to green,

b- The mean Queue Discharge Headway of vehicles standing in queue when

the traffic signal indication change from red to green.

These traffic parameters along with their respective distributions replaced the

default parameters impeded in Traf-Netsim model to produce what this research refers to

as the calibrated Traf-Netsim model.

Defining the Hypotheses

To test if the measured Start-Up Lost Time and Queue Discharge Headway are

statistically significant from the default values embedded in TRAF-NETSIM the
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following Hypotheses were constructed.

Start-Up Lost Time:

• The Null Hypothesis states that there is no statistical significance between the

observed (calibrated) Start-up Lost Time of 1.8 seconds and the default value

of 2.0 seconds.

• The Altemative Hypothesis states that there is a statistical significance

between the calibrated Start-up Lost Time of 1.8 seconds and the default value

of 2.0 seconds.

To perform statistical tests for the above Hypotheses the Univariate Procedure in

SAS was invoked. Table 4-1 shows the output of the statistical test performed by SAS.

The complete statistical output produced by the Univariate Procedure in SAS software is

presented in Appendix A.

Interpretation of the Statistical Results:

For the Start-Up Lost Time study, a total of 163 observations were collected in

the field under normal driving conditions. The field study indicates that the Average

Start-Up Lost Time observed in Amman is approximately 1.8 seconds, with a Standard

Deviation 0.69.

In order to test the above stated Hypotheses, several steps were performed:

1. To test both the Null and Altemative hypotheses, one should decide whether to

use a parametric or non-parametric test.

2. At what significant level (or alpha level) should the rejection region be set?
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Table 4-1

Statistical analysis for Start-Up Lost Time

THE UNIVARIATE PROCEDURE

Variable: losttime (Start-Up Lost Time for the first vehicle in (^eue)

Moments

N 163 Sum Weights 163

Mean 1.8245 Sum Observations 297.4

Std Deviation 0.6920 Variance 0.4788

Skewness 1.2768 Kurtosis 1.2493

Uncorrected SS 620.19 Corrected SS 77.579

Coeff Variation 37.928 Std Error Mean 0.0542

Tests for Location: Mu0=0

Test — Statistic— P Value

Student's t t  33.66151 Pr>ltl <.0001

Sign M  81.5 Pr>IMI <.0001

Signed Rank S 6683 Pr > 1S1 <.0001

Tests for Normality

Test — Statistic— P Value |
Shapiro-Wilk W  0.8761 Pr<W <0.0001

Kolmogorov-Smimov D  0.16037 Pr>D <0.0001

Cramer-Von Mises W-Sq 1.19401 Pr>W-Sq <0.005

Anderson-Darling A-Sq 6.6296 Pr>A-Sq <0.005

Ho • ̂  losttime ~ 2.0

Ha t U losttime ^ 2.0
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The second question involves the rejection or failing to reject the specified null

hypothesis given a predetermined alpha level. Traditionally, engineers have used

significant levels of 0.01,0.05, and 0.1. These three levels can be thought of as

"extremely significant," "significant," and "moderately significant," respectively.

However, the Traffic Engineering Handbook suggests that traffic engineers should

consider results significant at the 0.05 level for most traffic engineering studies and

should consider results significant at the 0.01 level when performing safety-related

studies. This research will use an alpha level equal to 0.05 in all the statistical tests

presented. An alpha level of 0.05 gives a confidence coefficient equal to 0.95 (1 - alpha)

or 95% confidence level. In other words, we are 95% sure that a sample collected from a

population will yield a confidence interval that includes the true population mean.

The first question addresses the issue of Normality. If the data is normally

distributed, then a parametric test is considered. Otherwise an equivalent non-parametric

test should be employed. Looking at Table 4-1, under the heading "Tests for Normality"

a Shapiro-Wilk test gives a p-value of 0.0001. This is a very small value and is close to

zero indicating the data for the Start-Up Lost Time are not a sample from a normal

distribution. This suggests that a non-parametric test should be used. However, since the

sample size of 163 is fairly large, the parametric test should be reasonably accurate.

Therefore both parametric and non-parametric tests will be performed.

For a non-parametric test:

The Signed Rank test, gives a p-value of Pr >= IS I < 0.001

For a parametric test:

The Student's t test, gives a p-value of Pr > 111 < 0.001
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Since the attained probability or the p-value is less than the reference probability

or the alpha value (0.001 < 0.05), for both parametric and non-parametric tests, the null

hypothesis is rejected.

Based on the above, this research concludes that the average Start-Up Lost Time

of 1.8 seconds collected in Amman is significantly different from the Start-Up Lost Time

of 2.0 seconds used by Netsim as a default value.

Queue Discharge Headwav:

• The Null Hypothesis states that there is no statistical significance between the

calibrated Queue Discharge Headway of 1.5 seconds and the default value of

1.8 seconds

• The Altemative Hypothesis states that there is a statistical significance

between the calibrated Queue Discharge Headway of 1.5 seconds and the

default value of 1.8 seconds.

To perform statistical tests for the above Hypotheses the Univariate Procedure in

SAS was invoked. Table 4-2 shows the output of the statistical test performed by SAS.

The complete statistical output produced by the Univariate Procedure from the SAS

software is presented in Appendix A.

Interpretation of the Statistical Results:

For the Queue Discharge Headway study, a total of 780 observations were

collected in the field under normal driving conditions. The study indicates that the

Average Queue Discharge Headway observed in Amman is approximately 1.5 seconds.
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Table 4-2

Statistical analysis for Queue Discharge Headway

THE UNIVARIATE PROCEDURE

Variable: headway (Queue Discharge Headway)

Moments

N 780 Sum Weights 780

Mean 1.5064 Sum Observations 1175.

Std Deviation 0.5483 Variance 0.3006

Skewness 1.7176 Kurtosis 4.0901

Uncorrected SS 2004.3 Corrected SS 234.17

Coeff Variation 36.396 Std Error Mean 0.0196

Tests for Location : Mu0=0

Test — Statistic— P Value—

Student's t t  76.73606 Pr>ltl <.0001

Sign M  390 Pr>IMI <.0001

Signed Rank S  152295 Pr>ISI <.0001

Tests for Normality

Test — Statistic— P Value—

Shapiro-Wilk W 0.8589 Pr <W <0.0001

Kolmogorov-Smimov D 0.12771 Pr >D <0.01(X)

Cramer-VonMises W-Sq 4.97415 Pr>W-Sq <0.005

Anderson-Darling A-Sq 29.3306 Pr>A-Sq <0.005

H© • ̂  headway ~ 1*^

Ha * U headway ̂  1»8
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To test the above null and alternative hypotheses the following is presented:

Looking at Table 4-2, under the heading 'Tests for Normality" a Shapiro-wilk test

gives a p-value of 0.0001. This is a very small value and is close to zero indicating the data

for the Queue Discharge Headway are not a sample from a normal distribution. This

suggests that a non-parametric test should be used. However, since the sample size of 780 is

very large, the parametric test should be reasonably accurate. Therefore both parametric and

non-parametric tests will be performed.

For a non-parametric test:

The Signed Rank test, gives a p-value of Pr >= IS I < 0.001

For a parametric test:

The Student's t test, gives a p-value of Pr > 111 < 0.001

Since the attained probability or the p-value is less than the reference probability

or the alpha value (0.001 < 0.05), for both parametric and non-parametric tests, the null

hypothesis is rejected.

Based on the above, this study concludes that the average Queue Discharge

Headway of 1.5 seconds collected in Amman is significantly different from the mean

Queue Discharge Headway of 1.8 seconds observed in Washington D.C. and is used by

The Traf-Netsim model as a default value.

Up to this point this research has only shown that the observed values for Start-Up

Lost Time and Queue Discharge Headway of 1.8 and 1.5 seconds respectively are

statistically significant from the default values impeded into Traf-Netsim model. This

doesn't imply that model's ability to simulate the actual traffic conditions on the street
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network will improve. To found out how the model will perform the following is

presented.

1- To determine if the Traf-Netsim model using the impeded default parameters

can simulate Travel Time and Delay Time along the test network "Mecca

Street" within an acceptable range. This was accomplished by comparing the

simulated values produced by the default model against the measured values

obtained during the flouting-car study.

2- To determine if the Traf-Netsim model using the calibrated parameters can

simulates Travel Time and Delay time along the test network "Mecca Street"

within an acceptable level of accuracy. This was also accomplished by

comparing the simulated values produced by the calibrated model against the

observed values collected in the field.

Defining the Hypotheses for Travel Time and Delay Time

To test if the mean Travel Time and Delay Time between the simulated model,

the simulated calibrated model, and the observed values obtained from the floating car

study are statistically significant from one to another the following hypotheses were

constructed:

Travel Time along the Arterial:

• The Null Hypothesis states that the mean Travel Times for the three groups

are the same.

The three groups are:

1. Simulated model with default parameters.
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2. Simulated model with calibrated parameters.

3. Observed values form the field.

In terms of a mathematical expression the Null Hypothesis is:

Hq * ''default ~ "calibrated ~ "observed

•  The Alternative Hypothesis states that at least the mean Travel Time of one

group is statistically significant from another group.

In terms of a mathematical expression the Altemative Hypothesis is:

Ha : At least one mean is different

Delav Time along the Arterial:

Similar null and altemative hypotheses for the mean Delay Time were also constracted.

Hq I "default ~ "calibrated ~ "observed

Ha : At least one mean is different

It should be brought to the readers attention that the above hypotheses are

comparing three groups to one another, and that the Altemative Hypotheses for both the

Travel Time and Delay time does not specify which means are different from one

another. It only tells us that some differences exist. In order to find out which means are

different, an appropriate multiple comparison procedure will be employed.

To test and evaluate if the three groups presented in the above hypotheses are

statistically significant from one to another a statistical procedure referred to Analysis of

Variance "or ANOVA" will be used and is presented below:
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Analysis of Variance:

The analysis of variance in a single-factor study is mainly to determine whether or

not the factor level means are equal. Expressed mathematically, is p,i = p,2 =p. 3. If the

answer is true, then we fail to reject the Null hypothesis and conclude that the three means

are the same. On the other hand, if the answer is false, we would reject the Null hypothesis

and conclude that at least one mean is different.

Obviously, the more that these groups would differ from each other in terms of

the dependent variable, the more variability we would expect among their means. This

variability is measured in terms of how the group means vary about the mean of all

groups put together. This mean is referred to as the grand mean and is abbreviated as

Ygrand. In fact, analysis of variance calculates the groups' variance about the grand

mean. This variance is called the between-groups variance. Therefore, it would be

expected that the more differences there are among the groups, the larger would be the

value of the between-groups variance. In addition, analysis of variance looks at how

much variability among individual scores would be expected. Mainly, what is the

probability of this variance occurring under the terms of the null hypothesis due to

sampling error? In analysis of variance, this value is based on the amount of variability

that was observed within each of the groups. This is appropriately referred to as the

within-groups variance. The point to remember thus far in analysis of variance is that if

there are no differences among the groups, then the between-groups variance and the

within-group should be approximately equal. Therefore, the larger the value of the

between-groups variance to within-groups variance, the greater is the probability that at
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least one of the group means is different. The test statistic used by ANOVA for choosing

between the above hypotheses is:

F = Variance between groups / Variance within groups

If the null hypothesis is true and there is no sampling error at all, one would

expect the value of F to be exactly 1. But in the true world of data collection sampling

error is present. Therefore, under the assumptions of the null hypothesis, the sampling

distribution of F tells us the probability that one can expect the between-groups variance

to be so many times larger than the within-groups variance. And if this probability is less

than the preset probability level, say 0.05, then the null hypothesis is rejected in favor of

the altemative hypothesis. Thus, the researcher concludes that there is adequate evidence

to suggest that at least one of the population means is significantly different from the rest.

Assumptions of a one-way Analysis of Variance:

Before performing any statistical tests with a one-way analysis of variance the

following assumptions should be evaluated.

1- Observations are independent random samples.

2- Observations are sampled from a normal distribution.

3- Groups have equal variances.

First, the assumption of independent observations is met, since in this research the

measiirement for one item in the data set did not affect the measurement for another item.

That is, the value of Travel Time for one simulation is unrelated to the value of Travel Time

for another simulation. This was easily accomplished by using a different random number

93



seed for each run which generates a different pattern of driver types and vehicle paths

moving through the analysis network.

Second, the assumption of normality is difficult to meet, since there were only 7

observations in each group. To truly test this assumption, a normality test should be

performed for each group. And since the data in each group is small, this research didn't

have enough data to perform an appropriate normality test. However, even if the

assumption of normality is not met, it is not too critical since we are basing the analysis

of variance test on group means, and hence the Central Limit Theorem should still be

applicable Also the F test for the equality of the population means is slightly effected

by the lack of normality and is considered to be a robust test against departures from

normality

Third, the last assumption required by analysis of variance is that the populations

have a common variance. The data in this research appeared in some situations to have

unequal values for standard deviation, and thus the variance. Concerning this assumption,

the F test used by analysis of variance procedure is slightly affected by unequal variance,

if all factor level sample sizes are close or equal In order to minimize the effects of

unequal variances on inferences with the F distribution and related tests this research will

use equal sample sizes for all factor levels. To accomplish the equal sample size in each

factor level for both the Test and Validation Networks, equal number of simulation runs

were performed in both the default and calibrated Netsim models to match the observed

values obtained from the floating car method.

In summary. Since the data set in each factor level is fairly small several

assumptions required by analysis of variance procedure where not satisfied. Therefore, to
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guard against violations of the normality and unequal variance assumptions, both

ANOVA, which is a parametric test, and Kruskal-Wallis test which is a non-parametric

analogue to the one way analysis of variance will be employed.

Before presenting the data and statistical findings several factors related to the

variability in the simulation output follows:

Simulation of Traf-Netsim

Traf-Netsim is a discrete event simulation model that simulates the traffic flow on

urban street networks by representing the movement of individual driver-vehicle

combinations. The simulation output produced by Traf-Netsim contains some variability

from one simulation run to the next. This variability is more apparent in Traf-Netsim due

to the fact that the model represents the behavior of traffic flow microscopicity. That is,

each vehicle is handled as a distinct entity. Of course, the presence of high variability in

simulation output can lead to questions concerning the model's reliability. However, the

amount of variability in a given situation depends on several factors such as:

1. The number of simulation runs

2. The length of each simulation

3. The length of worm-up time (initialization time)

In order to achieve meaningful simulation results and to reduce the risk of

drawing incorrect conclusions, the above issues conceming the variability of the output

will be addressed in the following.

Traf-Netsim model uses two random number seeds the "base seed" and the

"common seed" to generate the traffic movement and all the time-dependent stochastic
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decisions for a given simulation run. Therefore, to reduce the variance between

simulation runs, this research will use multiple independent replications. This means that

the simulation model will be executed several times for a given set of identical input data,

except that the base random number seed will be changed. This type of variance

reduction technique is known as the Common Random Numbers (CRN) reduction

procedure, in simulation experiments

In summary a series of runs with different values for the base seed will be used in

this study to show the variance in the selected traffic performance measures of

effectiveness (i.e. Travel Time and Delay Time) which are due to variations in individual

vehicle traffic patterns. This type of variance reduction technique has been shown to

significantly reduce the simulation output variability even though the simulation time for

each run was only 900 seconds The only requirement to apply this variance reduction

procedure is the matching of the set of the random number seeds in simulation

experiments.

Table 4-3 shows the set of random numbers for the "base seed", entry 11 on card

type 2, used for all simulation runs trough out this study. The random numbers where

picked from a table of random number digits and are presented below

The set of random numbers used had to meet the criteria set by Traf-Netsim

simulation model. Which basically states that the random number seed must be an odd

number of up to eight digits is size and that the last digit in every number is not 5. If a

seed number didn't meet the above criteria, Traf-Netsim will print a fatal error message

and will terminate the simulation run.
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Table 4-3

Random Numbers

REPLICATION BASE RANDOM

NUMBER NUMBER

1 132841

2 21224003

3 9905247

4 199509

5 6057

6 91240283

7 974581

8 352493

9 10750527

10 3624727

The second factor affecting the output variability is the simulation length. In

simulation studies there are two methods available for performing simulation

experiments. The first method is to make a single run and execute the simulation for a

long duration. Then use the data generated in this single, continuous, long run to estimate

Travel Time and Delay Time. The second method for conducting simulation experiments

is to make several independent simulation runs. Independent replications are achieved by

starting each run with a different random number seed. The second method was used by

this research since it produced several samples in each group as opposed to one in the

case of a single long run. Also, by applying the Common Random Number technique

discussed earlier the variability in the simulation output should be reduced. In addition

simulating with independent replications is very simple to implement in Traf-Netsim

through the use of the base random number seed.
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The third issue of concern is how long should the initialization period be to assure

a steady state condition. That is, to estimate the transient phase (or initialization period)

to reduce the effects of early unstable observation on the output results. To ensure that

equilibrium is reached (Input = Output), the user must specify a large initialization period

that is longer than the time needed to reach equilibrium. It is recommended that the

initialization period should be equal to the travel time at free flow speed along the longest

path in the network This research used an upper bond for initialization of 10 minutes

(600 seconds) and 30 minutes (1800 seconds) for both the validation and test networks

respectively. These values are extremely high. However, if Traf-Netsim attains

equilibrium before the specified time, then the remaining time available for initialization

will be discarded and the program will immediately enter the simulation phase and will

start accumulating statistics. It should be mentioned that in all the simulation mns

through out this study, equilibrium was attained at around 5 to 7 minutes into the

initialization phase of simulation, well before the specified initialization period.

In summary, this research observed and recorded traffic conditions on each of the

test and validation networks. The floating car method was performed concurrently during

the collection of traffic volumes required to execute the simulation model. The data was

recorded for two continuous hours on seven consecutive days. For each day, two

simulations were performed in order to reflect the changes in traffic conditions that

occurred during the first and second hours of data collection respectively.

For each hour, eight to ten independent replications were made for traffic

operations under the default model using the set of random number seeds presented in

Table 4-3 above. Each simulation run was executed for 3600 seconds and the simulated
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Travel times and Delay times were compared with those observed in the field during the

same hour (i.e. first hour or second hour of observation). It should be mentioned that

statistics were collected on specific sections along the test network (Mecca Street), at the

end of each simulation run. This was repeated for all seven days during which data was

collected. The same procedure was also followed for traffic operations under the

modified or calibrated Netsim model. That is, all the data remained constant except the

calibrated parameters were changed in Traf-Netsim.

As mentioned earlier both the Analysis of Variance and the Kruskal-Wallis tests

were invoked by SAS to test the null and alternative hypotheses at the 0.05 confidence

interval.

Recall that for both the Travel Time and Delay Time, the Null Hypothesis states that

the means for the three different groups are the same. And that the Altemative Hypothesis

states that at least the mean of one group is statistically significant from another group.

Statistical Interpretation

The following section will present the statistical summaries of the above null and

altemative hypotheses for travel time and delay time on the test network. But, before

interpolating the statistical results it should be brought to the readers attention that the

naming of the links were modified for added clarity and simplicity when looking at the

tables. For example, road segment A1 represents in Netsim the aggregate links from node

100 to node 114, A2 represents the aggregate links from node 114 to node 122 and so on

and so forth. This is best demonstrated by looking at figure 4-1.
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Travel Time on Test Network "First Hour":

Looking at the statistical analysis of Travel Time on the Test Network for the first

hour (Table 4-4) the following comments and interpretations are presented:

First, the colunm labeled ANOVA Pr > F gives the p-values for comparing the

three groups. The numbers in this column are all below the reference probability of 0.05

set by this study. This is true for all the road segments through out the week, with the

exception of Thursday in which link A3 had a p-value of .0529 slightly larger than 0.05.

In conclusion, since the p-values are less than 0.05, the stated null hypothesis is rejected

in favor of the alternative hypothesis. Therefore this study concludes, based on the

statistical analysis presented during the first hour of observation, that the mean Travel

Time is significantly different among the three study groups (observed, default, and

calibrated).

This is very true, especially when comparing the default travel time versus observed

travel time. It appears that the observed values of travel time are always shorter than the

simulated default values. This finding supports the overall statement made by this

research that the driver behavior in Jordan is different from those observed in

Washington D.C. In addition, the observed traffic parameters in Amman - Jordan, such as

queue discharge headway and start-up lost time for vehicles of 1.5 seconds and 1.8

seconds respectively also enhances this finding. This could suggest that the Jordanian

driver is more aggressive than the American driver since the observed values of queue

discharge headway of 1.5 seconds and start up lost time of 1.8 seconds are lower than the

default parameters of 1.8 and 2.0 embedded in Traf-Netsim.
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Second, the colunm labeled Kruskal Wallis Pr > chi-square, which is a non-

parametric analog to ANOVA, gives the p-value for comparing the three groups. The

numbers in this column are all well below 0.05 with the exception of Tuesday in which

link D3 had a p-value of .0526, slightly greater than 0.05. Therefore similar conclusion

can be drawn based on the non-parametric test.

Third, to determine which mean is different from the other, the Tukey's

Studentized Range Test was used. Since there are three groups, Tukey's test will perform

all pair wise comparisons. Observed vs. default, observed vs. calibrated, and default vs.

calibrated.

The first comparison (observed vs. default): Looking at the columns labeled TK,

abbreviation for tukey, one can see that the majority of the observed travel times and the

default travel times through out the week have different letters beside their means. This is

true along all road segments through out the week, with the exception of road segments

B2 and C4 on Monday, B1 and D3 on Tuesday, and A3 on Thursday. In other words,

from the possible 98 comparisons (14 segments * 7 day) only 5 had similar means.

Therefore, given the above one can conclude that there is a statistical significance at the

0.05 level between most of the observed travel times and the simulated travel times

derived from the default model.

The second comparison (observed vs. calibrated): From table 4-4 it appears that

the majority of road segments have similar letters beside their means. The observed travel

times and the calibrated travel times are similar with the exception of road segments B4

on Saturday, B2 and D2 on Sunday, B2, C3 and D2 on Monday, B2 on Thursday, and

Al, B2, C2 and D2 on Friday. Therefore, from the 98 possible comparisons 11

104



comparisons had different means. In summary, the tukey's test indicates that 87 (98-11)

comparisons of travel times have no significant differences between the observed and

calibrated travel times at the 0.05 significant level. This is a positive indication of how

well the calibrated model performs in the test network. However, since a total of 4 road

segments were significantly different on Friday (weak-end and low volume) it appears

that the calibrated model doesn't predict as well under low traffic volumes.

The third comparison (default vs. calibrated): Looking at table 4-4 it can be seen

that there are only 7 out of 98 comparisons which indicates that the means are similar.

Therefore it can be said that there is a significant difference at the 0.05 level between the

simulated travel times from both the default and calibrated Netsim model.

Delav Time on Test Network "First Hour":

Looking at the statistical analysis of Delay Time on the Test Network during the

first hour of observation (Table 4-5) the following comments and interpretations are

drawn:

First, the column titled ANOVA Pr> F gives the p-values for comparing the three

group means for route delay time. The majority of numbers in this column are above the

reference probability of 0.05 set by this research for comparison purposes. From the 98

comparisons (14 * 7), 37 comparisons have a p-value less than 0.05. This means that 37

comparisons suggests that the average groups are statistically significant while the

reminder 61 comparisons suggests that there is no difference among the groups. The two

days that showed the most differences among the groups are Sunday and Friday with 9

road segments and 8 road segments respectively.
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Second, the column labeled Kraskal Wallis Pr > chi-square, which is a non-

parametric analog to ANOVA, gives the p-value for comparing the three groups. The

numbers in this column gives a different prospective. Here 61 comparisons have a p-

value less than 0.05 while the reminder 37 have a p-value greater than 0.05. Looking

closely at the delay times presented in the table, it can be seen that the values are

different. It appears that a 10% to 18% change between default and calibrated means (i.e.

Saturday, Monday, and Wednesday on link B4) showed no statistical significance

according to ANOVA. On the other hand, the Kruskal Wallis test on the same values

showed statistical significance. To conclude that the means are significantly different

based on the Kruskal-Wallis test can increase the probability of committing a type I error.

This means rejecting the Null Hypothesis when it is true. Based on the above, for the data

presented on delay time this research does not enough evidence to conclude that the

means are significantly different.

However, firom a practical point of view, it should be mentioned that the

simulated delay values derived from the calibrated model seems closer to the observed

values in comparison with the simulated values produced by the default model.

Travel Time on Test Network "Second Hour":

Referring to the summary of statistical analysis of Travel Time on the Test

Network during the second hour (Table 4-6) the following comments and interpretations

are presented:

First, the column labeled ANOVA Pr > F gives the p-value for comparing the

groups. The numbers in this column are all below the alpha value of 0.05 with the

exception of road segment D3 on Mondays, and Thursdays in which the level of
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significance (p-value) are 0.4201 and 0.3497 respectively. Therefore, since most of the p-

values are less than the level set for rejection of the null hypothesis. This translates that

based on the data presented there is a large evidence for rejecting the null hypothesis in

favor of the alternative hypothesis. In conclusion, there is evidence that the Travel Times

will be different among the three study groups (observed, default, and calibrated). This

finding is similar to the Travel Time study during the first hour of data collection.

Second, the values under the Kruskal Wallis Pr > chi-square, gives the p-values

for comparing the three mean groups for Travel Time. The values are all below the 0.05

significance level with the exception of road segment D3 on Mondays and Thursdays in

which the p-values where .3823 and .1954 respectively. For this comparison it seems that

both the parametric and non-parametric tests produces the same statistical conclusion.

That is, since the p-values are less than the reference probability, the null hypothesis is

rejected and one concludes' that the averages for the groups are significantly different.

Third, since the above conclusion only states that at least two means are different.

The next step would be to use the Tukey's Studentized Range test, a multiple comparison

procedure, to further investigate differences between groups. The outcome of this test is

presented in the table imder the heading TK. Tukey's test will perform all pair-wise

comparisons among the groups. That is, it will compare observed vs. default, observed

vs. calibrated, and default vs. calibrated.

In comparing the observed travel times vs. the travel times produced by the

default model, it is clearly seen that most of the observed travel time means have the

letter A and most of the default travel times have the letter B next to them. This implies
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that the majority of the simulated travel times produced by the default model are

statistically significant from those observed in the field at the 0.05 confidence level.

This conclusion is true for most of the road segments through out the week with the

exception of road segments D3 on Monday and Thursday, and C1 on Tuesday. In other

words, from the possible 98 comparisons only 3 had similar means.

The second comparison (observed vs. calibrated) the following remarks are

drawn: Looking at the travel times under observed and calibrated columns it is clear that

the majority of the means have similar letters next to them. This means that the observed

travel times and the simulated travel times from the calibrated model are not significantly

different at the 0.05 level. This is true for all the road segments with the exception of C3

on Saturday, C2 on Sunday, B3 and C1 on Monday, A1 and B2 on Tuesday, A3 and D2

on Wednesday, D1 on Thursday, and Al, A2, B2, and D2 on Friday. Therefore, from the

98 possible comparisons only 13 road segments showed statistically significant

differences among their mean travel times.

In summary, the default model for the second hour correctly predicted only 3

travel times where the calibrated model for the same hour correctly predicted 85 travel

times out of a possible 98. This indicates that the calibrated Netsim model is able to

correctly predict travel times in mush more instances than the default Netsim model.

The third and final comparison is comparing the default travel times and the

calibrated travel times. Looking at both columns it is obvious that most of the values have

different letters. This is a good indication that based on the second hour of data

collection, the simulated travel times produced by both default and calibrated models are
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statistically significant at the 0.05 level. This fact was observed in all the road links with

the exception of road segment D3 on Monday, Tuesday, and Thursday.

Delav Time on Test Network "Second Hour":

In reference to Table 4-7, titled summary of statistical analysis of Delay Time on

the Test Network during the second hour of observation, the following is presented:

First, the column under the heading ANOVA Pr > F gives the p-values for

comparing delay time for the three group. It appears that some of the numbers are below

0.05 and some are above the 0.05 level set by this research. From the 98 possible values

only 36 had a p-value less than 0.05. This says that only 36 road segments through out

the week had mean delay times significantly different, and that the reminder 62 road

segments showed no statistical diflferences. The two days that showed the most

differences among the groups are Sunday and Friday each with 7 road segments having

p-values less than 0.05. It showed be mentioned that similar conclusion was drawn for

delay time during the first hour of observation.

Second, the column labeled Kruskal Wallis Pr > chi-square, a non-parametric

statistical procedure, gives the p-values for comparing the three groups. According to this

test 55 out of the possible 98 had a p-value less than 0.05. Therefore, according to the

results of a non-parametric test more than half of the links had group means that are

statistically different.

To summarize the findings on delay time based on both parametric and non-

parametric tests, it appears that about 63% (62 road segments) and 44% (43 road

segments) of the road segments had a p-value > 0.05 for both ANOVA and Kruskal-

Wallis tests respectively. These percentages are pretty high, therefore this study
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concludes that for the second hour of observation, there was not enough evidence to

reject the Null hypothesis and concludes that the averages of delay time among the three

groups are not significantly different at the 0.05 level. However, from a practical point of

view, and looking back at delay values it appears that the simulated delay values from the

calibrated model are closer to the delay values observed in the field in comparison with

the simulated delay values generated by the default model.

The same conclusion was drawn with respect to delay time during the first hour of data

collection.

Summary of Findings on the Test Network

This research observed and recorded traffic volumes, signal timings, traffic

composition and other related factors on the Test Network (Mecca Street) for a period of

two hours on seven consecutive days in Amman-Jordan. The study performed a total of

98 traffic simulation runs using the Traf-Netsim model with both the default and

calibrated parameters. The main objective of this phase was to determine if Traf-Netsim

model can or can't accurately predict Travel Times and Delay Times along the arterial

street. This was accomplished by the following:

First, the Traf-Netsim model was executed 49 times using the default parameters

embedded in to the model (default model)

Second, the model was modified using the observed values for mean free flow

speed, start-up lost time and queue discharge headway along with their respective

distributions (calibrated model).
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Third, the simulated Travel Times and route Delay Times derived from both the

default and calibrated models were compared with the observed values in the field.

To compare the three group means several statistical hypotheses were setup. The

null hypothesis for Travel Time states that the population means for all groups are the

same and the alternative hypothesis says that at least two means are different. Similar

hypotheses were used for Delay Time along the route.

The summary of statistical analysis of Travel Time and Delay Time were

presented for the Test Network (Mecca Street) in Tables 4-4,4-5,4-6 and 4-7. For Travel

Time the null hypothesis was rejected in favor of the altemative hypothesis. Further

investigation revealed that the simulated Travel Times from the calibrated model

produced values similar to the observed values. On the other hand, for Delay Time there

was not enough evidence to reject the null hypothesis. However, differences between the

simulated Delay Times from the calibrated model and observed values were less in

comparison with the differences between the simulated delay values from the default

model and those observed in the field.

Validation Network

The second site, referred to as the Validation Network, is a stretch of A1 Shareef

Nasser bin Jameel Street (or Safeway Street), which is approximately 1.5 kilometers long

(or 0.94 miles). The second site was used to answer the following question:

• Can the Traf-Netsim model using the calibrated parameters adequately simulate

both Time and Delay time along a second arterial street? This was also
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accomplished by comparing the simulated values produced by the calibrated

model with observed values collected in the field for the validation Network.

Defining the Hypotheses

To test if the simulated Travel Times and Delay Times derived from the

calibrated model are statistically significant from the observed values obtained fi-om the

floating car study, the following hypotheses were constructed:

Travel Time along the Arterial:

•  The Null Hypothesis states that the Travel Time means are the same.

The two groups are:

1. Simulated model with calibrated parameters.

2. Observed values form the field.

In terms of a mathematical expression the Null Hypotheses is:

Ho • ̂calibrated ''observed

•  The Altemative Hypotheses states that the Travel Time means are

significantly different.

In terms of a mathematical expression the Altemative Hypotheses is:

Ha I "calibrated ^ "observed

Delav Time along the Arterial:

Similar null and altemative hypotheses for the mean Delay Time were also constructed.

Ho • "calibrated ~ "observed
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Ha • ̂calibrated ^ ''observed

To test and evaluate if the two group means for both travel time and delay time

presented in the above hypotheses are statistically significant a Two-Sample t-test will be

used and is presented below:

Two sample t-test:

The t-test is a parametric procedure that compares two samples. However, before

performing the Two-Sample t-tests the following assumptions should be checked.

1- Observations are independent random samples.

2- Observations for each group are a sample from a population with a normal

distribution.

3- The two groups have equal variances.

The first assumption of independent observations is met, since in this research

every Travel Time or Delay Time whether simulated or measured in the field is unrelated

to every other measurement. For the simulated measurements this was accomplished by

using a different random number seed for each simulation run which generates internally

a different pattern of driver types and vehicle paths along the network.

The second assumption of normality is hard to meet since there are only 8 to 10

observations in each group. Conclusively, this assumption was not met.

The third and final assumption is concerned whether the variances for the two

groups are equal. This assumption is tested using the PROG TTEST procedure in SAS.

The output produced by SAS contains two values for the t-test one based on equal

variances the other on unequal variances. For this research some of the means had equal
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variances and others had unequal variances. The probability value in the table reflects the

appropriate t-test.

In summary, since the data in each group was small, the assumption of normality

could not be checked. Thus, both the Two-Sample t-test and the Wilcoxon Rank Sum

Test for comparing two independent groups were used. The Wilcoxon Rank Sum Test is

a non-parametric analogue to the two-sample t-test and is sometimes referred to as the

Mann-Whitney U test. The only assumption required for this non-parametric test is that

the observations are independent and this assumption was met.

Statistical Interpretation

The following section will present the summaries of the statistical tests and will

evaluate the null and altemative hypotheses for travel time and delay time on the

validation network. Prior to presenting the statistical results, it should be mentioned that

the naming of the links in the validation network were also modified for added clarity and

simplicity when viewing the statistical analysis. Figure 4-2 shows the aggregated links

and nodes for the validation network.

Travel Time on Validation Network "First Hour":

Looking at the statistical analysis of Travel Time on the Validation Network for

the first hour (Table 4-8) the following comments and interpretations are made:

First, the column labeled T-Test Pr >111 gives the p-values for comparing the two

groups. In looking at the values it seems that most of the p-values are well above the

rejection criteria of 0.05 set by this research. This is true for all the road segments
/

through out the week, with the exception of road segment D1 on Friday, B1 on Saturday,
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Sunday, and Friday, El on Sunday, Tuesday, Wednesday, and Friday. Thus from the

possible 56 comparisons only 8 had a p-value less than 0.05. With Friday and Sunday

having 3 and 2 road segments respectively.

Second, in looking at the colunm labeled Wilcoxon Pr > IZI which gives the p-

values for the non-parametric procedure. In this column the majority of the p-values are

also greater than 0.05 with the exception of Sunday links B1 and El, Tuesday link El,

Wednesday link El, Thursday link F, and Friday links Bl, C, D, and El. Of the possible

56 comparisons only 9 had a p-value less than 0.05, again with Friday and Sunday having

4 and 2 links respectively.

In conclusion, since the majority of the p-values are greater than the reference

probability of 0.05, this means failure to reject the null hypothesis. And since we are

comparing independent groups, this research will conclude that the mean travel time for

the two groups are not significantly different. In other words, it appears that the calibrated

Netsim model can accurately predict the Travel Times in Amman-Jordan.

Delay Time on Validation Network "First Hour":

Looking at the statistical analysis of Delay Time on the Validation Network

during the first hour (Table 4-9) the following conclusions are drawn:

First, the column under the heading T-Test Pr > 111 gives the p-values for

comparing delay time for the two groups. The numbers in most cases are larger than the

reference probability value of 0.05. Looking at the six weekdays (Saturday, Sunday,

Monday, Tuesday, Wednesday, and Thursday) it appears that only 5 out of possible 48

(8*6) links had a p-value greater than 0.05. However it seems that on the weekend

(Friday) there were 5 road segments with a p-value greater than 0.05.
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Second, the colunm labeled Wilcoxon Pr > IZ I, a non-parametric test, also gives

the p-values for comparing the two group means. According to the data presented, there

are 6 road segments with a p-value greater than 0.05 during the six week days

(Saturday through Thursday). And on Friday the weekend there are 5 road segments with

a p-value greater than 0.05.

In suimnary, based on the results presented by both parametric and non-

parametric procedures the p-values for most links are much greater than 0.05. This means

that this study would fail to reject the null hypothesis and conclude that the average

Delay Times simulated from the calibrated Netsim model and those observed in the field

are not significantly different based on the data presented during the first hour of

observation. This is a positive indication of how well the calibrated Traf-Netsim

simulation model performs in Amman-Jordan. However, on Friday's there is a statistical

significance between the calibrated Netsim model and the observed values in the field.

Travel Time on Validation Network "Second Hour":

In reference to the summary of statistical analysis of Travel Time on the

Validation Network for the second hour (Table 4-10) the following is presented:

First, the column under the heading T-Test Pr > 111 gives the p-values for

comparing the means derived from the calibrated model and those observed in the

validation network. The majority of the values are greater than the 5% significance level.

From the possible 48 links (8 segments * 6 weekdays) only 6 showed differences that are

significant at the 5% level. However, on Friday the weekend, 5 out of 8 links showed

significant differences between the calibrated and observed Travel Times.
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Second, Looking at the column labeled Wilcoxon Pr > IZI which gives the p-

values for the non-parametric procedure. In this column the majority of the p-values are

also greater than 0.05 with the exception of links B1 and El on Saturday, F on Monday,

B1 on Tuesday, and Bl, C, D, El, and F on Friday.

In closure, since the majority of the p-values during the weekday (i.e. Saturday,

Sunday, Monday, Tuesday, Wednesday, and Thursday) are greater than the reference

probability of 0.05. This means that I would fail to reject the null hypothesis and

conclude that it appears that the simulated Travel Times from the calibrated Traf-Netsim

model are not significantly different from the observed Travel Times in the field. This

supports the finding of Travel Times during the first hour and further supports the idea

that the calibrated Netsim model is transposable and can accurately predict the traffic

performance in Amman-Jordan. However, Looking at Friday, which is the weak end in

Jordan, It appears that the calibrated model doesn't predict the traffic performance in

Jordan. The values derived from the model are larger than those observed in the field.

This could mean that drivers are more aggressive on Fridays and don't follow the speed

limit signs. An important fact to state is that on Friday's the traffic volumes are down by

50% in comparison with the weekday traffic volumes dining the same hour.

Delav Time on Validation Network "Second Hour":

Looking at the statistical inquiry of Delay Time on the Validation Network during

the second hours of data collection (Table 4-11) the following remarks and interpretations

are presented:

First, the column under the heading T-Test Pr > 111 gives the p-values for

comparing delay times during the second hour for the two groups. The numbers in most

130
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cases are larger than the reference probability value of 0.05. This is true of all the

weekdays with the exception of road segment El on Saturday, B1 on Sunday, D and El

on Monday, and B1 on Tuesday. Therefore from the total 48 road segments during the

weekday only 5 showed statistical differences at the 5% significant level. On Friday, the

following 5 road segments showed statistical differences at the 5% level. The five

segments are Bl, C, D, El, and F.

Second, the column under the heading Wilcoxon Pr > IZI gives the associated p

values based on a non-parametric test. The majority of the p-values during the weekdays

are larger than the 5% significant level. This is true for all road segments in the validation

network with the exception of road segment Bl on Saturday, Sunday, and Tuesday.

Therefore only 3 out of possible 48 links showed statistical differences at the 5%

significant level. On Friday, the values say a different story. As can be seen from the

table, there are 5 road segments having a p-value less than 0.05. This indicates that for

Friday the results are significantly different. The five road segments are Bl, C, D, El,

and F, which are the same according to the two-sample t-test.

In summary, the statistical tests for Delay Time during the second hour produces

large p-values on the majority of the road segments during the weekdays. This means that

this research would fail to reject the null hypothesis and concludes that the average Delay

Times simulated from the calibrated Traf-Netsim model are not significantly different

from those observed in the field during the validation study. This is a good indication of

how well the calibrated model performed in the validation network.

Nonetheless, since the p-values for Friday are less than the reference probability

of 0.05, this implies that there is a statistical difference between the calibrated and
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observed delay times, thus the null hypothesis is rejected.

Summary of Findings on the Validation Network

This research recorded and observed traffic volumes on the Validation Network

(Safeway Street) for a period of two hours on seven consecutive days in Amman-Jordan.

This phase of the study performed a total of 57 simulation runs using the calibrated Traf-

Netsim model with the following parameters reflecting the Jordanian driving

environment.

• The mean Start-up Lost Time was modified from 2.0 seconds to 1.8 seconds.

• The distribution of Start-up Lost Time was modified as shown below

Driver

Characteristic

K

1 2 3 4 5 6 7 8 9 10 1

Default 218 140 125 118 102 86 78 63 47 23 1
Calibrated 211 169 141 121 101 83 64 48 37 25 I

• The mean Queue Discharge headway was modifies from 1.8 seconds to 1.5 seconds.

•  The distribution of Queue Discharge Headway was modified as shown below:

Driver

Characteristic

K

1 2 3 4 5 6 7 8 9

'1Default 170 120 120 110 100 100 90 70 70 50

Calibrated 180 134 118 105 95 88 81 75 67 57

• The mean Free How Speed was modified from 30 mph (48 Km/h) to 38 mph (60

Km/h) the posted speed limit.

The main objective of this phase is to test if the calibrated Traf-Netsim model is

transportable. That is, to test if the model can simulate traffic conditions at a second site
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without changes to any of the calibrated parameters measured in the Test Network. The

only change would be the input data directly related to the characteristics of the

validation network. This was accomplished by the following:

First, the validation network had to be coded into Netsim in the form of nodes and

links as specified by Traf-Netsim format.

Second, the calibrated model was executed several times and the simulated Travel

Times and Delay Times were compared with the observed values derived from the

floating car method.

To compare the two group means the following hypotheses were used. The null

hypothesis for Travel Time states that the population means are the same. And the

alternative hypothesis states that the population means are different. For Delay Time

similar hypotheses where setup. The summary of statistical analysis of Travel Time and

Delay Time for the Validation Network was presented in Tables 4-8,4-9,4-10, and 4-11.

The statistical tests for Travel Time indicated that there are no differences

between the calibrated values and the observed values for all weekdays. Thus, the null

hypothesis could not be rejected and this study concluded that the calibrated Netsim

model could accurately predict Travel Times during the weekdays. An exception was

found for Friday, which is a public holiday, thus the null hypothesis was rejected in favor

of the alternative hypothesis and this research concluded that the calibrated model

couldn't accurately predict the Travel Times under low traffic volumes.

The statistical tests for Delay Time also indicated that there are no differences

between the calibrated and the observed values for all the weekdays. As before, the

calibrated model failed to predict, within a given accuracy, the observed Delay Times on
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Friday's. Although from a practical point of view it appears that the calibrated values

were higher than the observed values. This would mean that under low traffic conditions

drivers do act quicker than under heavy traffic conditions.
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CHAPTER V

DISCUSSION AND RECOMMENDATIONS

Discussion

As urban traffic congestion continues to increase in many metropolitan cities around

the globe, traffic engineers are constantly applying the latest technology to help manage

traffic problems. The traffic engineer's responsibility goes beyond optimization of

movement on a hmited network to a complete and comprehensive evaluation of different

transportation strategies on a systemwide basis. TRAF-NETSIM, which is a microscopic

computer simulation program developed in the United States of America, is one of the most

accepted and respected traffic network simulation models among the profession. In addition

it is probably one of the most extensively tested and validated traffic simulation model in

America. However, to use TRAF-NETSIM in other regions around the world, the model's

ability to simulate the traffic performance within an acceptable tolerance should be properly

tested and validated.

Amman, the capital of Jordan is a major commercial, economic, and cultural center

of almost two million inhabitants. The city of Amman, like many other cities in the region,

has its share of traffic congestion on its main streets. However, the traffic department in

Amman - Jordan does not employ this computer software technology to assist municipal

engineers and policy makers in making decisions, as to which design schemes should be

implemented on the road network. The main objective of this research is to test whether or
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not TRAF-NETSIM can accurately simulate the driving conditions in Amman - Jordan.

This was accomplished through actual field observations of traffic flow on two selected

high-volume urban arterial roads in Amman. To capture all of the traffic activities along the

arterial road, several high-tech video cameras, positioned in strategic locations on top of

high buildings were used to record traffic counts. This procedure required more equipment

than manual traffic counts, but it had the advantage of requiring fewer persormel in the field,

thus minimizing possible error in data collection. Nonetheless, additional time was required

to summarize traffic data from the videos.

Based on the data collected and gathered through out this study and the statistical

analysis on the various measures of performance, the following conclusions were reached:

•  The TRAF-NETSIM model can be used to simulate the traffic conditions in Amman-

Jordan provided that the following values of various traffic parameters are used.

• A mean Start-Up Lost Time of 1.8 seconds should be specified instead of the

default value of 2.0 seconds in the model.

•  The distribution of Start-up Lost Time should be modified as shown below:

Driver

Characteristic

K

1 2 3 4 5 6 7 8 9 10

Default 218 140 125 118 102 86 78 63 47 23

Calibrated 211 169 141 121 101 83 64 48 37 25

• A mean Queue Discharge Headway of 1.5 seconds should be specified instead

of the default value of 1.8 seconds embedded in the model.

•  The distribution of Queue Discharge Headway should be modified as shown

below:
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Driver

Characteristic

K

1 2 3 4 5 6 7 8 9 10

Default 170 120 120 110 100 100 90 70 70 50

Calibrated 180 134 118 105 95 88 81 75 67 57

•  The Calibrated TRAF-NETSIM was able to predict Travel Time within a 5%

confidence level for Saturday, Sunday, Monday, Tuesday, Wednesday, and Thursday on

both the Test and Validation networks. As can be seen from Tables 5-1 and 5-2, the

majority of the road segments showed no significant differences between the simulated

travel times from the calibrated model and the observed travel times in the field.

•  The Calibrated TRAF-NETSIM was able to predict Delay Time within a 5% confidence

level for Saturday, Sunday, Monday, Tuesday, Wednesday, and Thursday on both the

Test and Validation networks Tables 5-3, and 5-4. The majority of the links showed no

statistical significance between the simulated delay times and those observed in the field.

•  The Calibrated TRAF-NETSIM model was not able to simulate the observed Travel

Time and Delay Time during a Friday. It should be mentioned that Jordan has a six-day

workweek with Fridays off and that Friday traffic is similar to Sunday traffic

encountered in the United States.

•  The simulated Travel Time's using the default values were significantly different from

the observed Travel Times. Table 5-5 shows a summary of travel times between the

observed and simulated values on the test network.

•  The simulated Delay Time's using the default values were significantly different from

the observed delay time. Table 5-6 shows delay times between the simulated values and

those observed in the field.
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Recommendations for Future Research

This research study illustrated the high degree of conformity and reliability of the

TRAF-NETSIM model's ability to simulate actual traffic conditions in Aimnan-Jordan

provided that some of the model's default values are modified to reflect the local driving

conditions. However, due to the limited resources available for this research the following

recommendations are appropriate:

•  The model should be tested and validated on additional street networks in Amman, such

as an urban grid network.

•  The model should be tested with the presence of high pedestrian activities.

•  The TRAF-NETSIM model should be tested and calibrated on low to moderate traffic

volumes in Amman-Jordan.

•  The model's credibility in simulating other measures of performance such as Stopped

Delay Time and Phase Failure should be investigated.

•  The simulated MOE's produced by the model should be compared with other network

simulation models such as Transyt-7F.

Possible Applications

The TRAF-NETSIM model is a very useful tool for Traffic Engineers. The

applications of the simulation model covers most of the traffic situations encountered in

most urban areas. The following is a brief list of possible applications.

•  Signal timing plan evaluation

•  Left-tum and right -turn pocket length evaluation

• Near-side bus stop versus far-side bus stop
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• Effects of lane closure due to construction

•  Effects of introducing a new overpass or underpass

•  Evaluating the effects of enforcing different parking regulations

• HOV lane evaluations

Traf-Netsim Model Limitations

Despite the modifications and new enhancements made to NETSIM over the past

several years, there are some specific scenarios in which the model is not applicable.

However, the model can be "tricked" into representing some of the desired operations.

•  TRAF-NETSIM does not simulate four-way stop sign.

•  The model does not simulate the behavior of traffic travelling around a traffic circle.

• Railroad Crossing simulation can not be modeled.

•  Two-way left-tum lanes are not explicitly simulated in the model.

•  Currently, the model uses the Uniform Headway distribution logic to generate all

vehicles into the network. However, in the interest of providing more valid output

especially under low traffic volume conditions, the model should allow the engineer to

specify the type of distribution to be used to generate vehicle arrivals.

Contributions

TRAF-NETSIM model is designed as a tool to aid engineers in testing a variety of

complex traffic related problems. It was originally developed to simulate traffic performance

in the United States. Yet, this study demonstrated that TRAF-NETSIM is capable of

simulating the traffic performance in Amman, provided that some of the model's default
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parameters be modified to reflect the local driving behavior. This will substantially help

traffic engineers in Jordan to test different traffic control and traffic management strategies,

on a network wide basis, which under normal circumstances can not be analyzed due to the

highly variable nature of traffic operations. In addition, this study was able to ascertain the

identity of some of the driver's characteristics at signalized intersections like Queue

Discharge Headway's and Start-Up Lost Times. This, of course, would be beneficial

information for local traffic engineers to use when timing traffic signals or estimating

intersection capacity, especially since there are a lack of technical reports addressing

driver's characteristics at signalized intersections in Amman Jordan.

Disclaimer

This study was able to determine that the calibrated TRAF-NETSIM model can

accurately simulate travel time and delay time in Anunan-Jordan. Further studies should

be performed to test the applicability of other measures of effectiveness, fiiel

consumption, and vehicle emission values produced by the simulation model.
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S AS output Start-Up Lost Time and Queue Discharge Headway
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Appendix B

Analysis of Variance
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Analysis of Variance

To compare the mean of the three Travel Times and Delay Times obtained from

the three different study types Default, Calibrated, and Observed. Independent random

samples of both Travel Times and Delay Times were selected from each of the three

study types (Populations). Most likely the three sample means would be different.

However, this doesn't necessarily imply a difference among the population means for the

three study types used in this research. To decide whether the differences among the

sample means are large enough to suggest that the corresponding population means are

significantly different, the Analysis of Variance procedure was utilized.

The Logic Underlving Analvsis of Variance:

A first point to remember in looking back at the Null and Altemative hypotheses

for travel time and delay time is that the hypotheses to be tested are considered as an

overall statement. In other words, analysis of variance will tell us only if there are

significant variations among the means in the total hypothesis statement. ANOVA will

not tell us about the comparison of individual means. That is, ANOVA will not tell us if

the mean travel time produced by the default model is significantly different from the

mean travel time produced by the calibrated model, and so on and so forth. If the analysis

of variance indicates that the means among the three study types differ, then an

appropriate multiple comparison procedure such as Tukey's method will be used to

determine which means are and are not significantly different form one another.

Before preceding any further, some of the terminology used by analysis of

variance will be introduced now.
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Factor:

A factor in analysis of variance is an independent variable being analyzed. In this

research, I am measuring Travel Time and Delay Time under three different types of

study. Therefore, the factor under investigation is the variable study type as defined by

this research.

Factor Level:

A factor level is a specific entity of the factor under study. In the study of the

effect of different study type on Travel Time, study type is the factor under study and the

three study types, observed, calibrated, and default are levels of that factor. Hence, you

conclude that the study type factor has three levels in this study.

Single Factor Studv:

A single-factor study as opposed to a multi-factor study is an investigation in

which the effect of only one factor is of concem. Since this research is concerned with

what are the effects of different study types on travel time and delay time, this research is

conducting a single-factor analysis of variance study. An example of a multi-factor study

could be the effects on study types and traffic volumes on travel time and delay time.

Here, the two factors, study type and traffic volume would be investigated simultaneously

to gain further insight on their effects on the variable or variables being observed.

Table B-1 shows the symbolic notation used by a single factor analysis of variance, for

Travel Time in the Test Network:
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Table B-1

Notation used by ANOVA

FACTOR LEVEL 1 2 3

STUDY TYPE DEFAULT CALIBRATED OBSERVED

OBSERVATIONS Yi,...Yi7 Y21...Y27 Y31...Y37

SAMPLE SIZE nl n2 N3 Ntotal

TOTAL Yti Yt2 Yt3
Ytotal

VARIANCE Sl^ S2^ S3^

MEAN Y1 Y2 Y3 Ygrand

Where:

Yii: Travel Time for the first simulation run obtained from the default model.

Y17: Travel Time for the seventh simulation run obtained from the default model.

Ui: Number of simulation runs for default model.

Yti: Total Travel Time from default model.
Y1: Mean Travel Time from default model.

Ntotal: Total number of observations across all groups.
Sl^: Variance of Travel Time from default model.
Ygrand: The average of all sample observations; Ygrand = (Ytotal/Ntotal)

etc.
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Appendix C

TRAF-NETSIM Simulation output

Test Network Default Model
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