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ABSTRACT 

 

 

Though comparisons of simulation models have been conducted, few investigations have examined in 
detail the logical differences between models.  If the output measures of effectiveness are to be 
interpreted correctly, it is important that the analyst understand some of the underlying logic and 
assumptions upon which the results are based.  An understanding of model logic and its inherent effect 
on the results will aid the transportation analyst in the application and calibration of a simulation model.  
In this thesis, the car-following behavior of each model is examined in significant detail, and its impact on 
output results explained.  In addition, the thesis presents a calibration procedure for the CORSIM sub-
model, FRESIM.  Currently, FRESIM is calibrated by ad hoc trial-and-error, or by utilizing empirically 
developed cross-referencing tables.  The literature reveals that the relationship between the microscopic 
input parameters of the CORSIM model, and the macroscopic parameters of capacity is not 
understood.  The thesis addresses this concern.  Finally, the thesis compares the INTEGRATION and 
CORSIM models in freeway and urban environments.  The comparison is unique in that the simulated 
networks were configured such that differences in results could be identified, isolated, and explained.  
Additionally, the simplified nature of the test networks allowed for the formulation of analytical solutions. 

The thesis begins by relating steady-state car-following behavior to macroscopic traffic stream models.  
This is done so that a calibration procedure for the FRESIM (Pipes) car-following model could be 
developed.  The proposed calibration procedure offers an avenue to calibrate microscopic car-
following behavior using macroscopic field measurements that can be easily obtained from loop 
detectors.  The calibration procedure, while it does not overcome the inherent shortcomings of the Pipes 
model, does provide an opportunity to better calibrate the network FRESIM car-following sensitivity 
factor to existing roadway conditions. 

The thesis then reports an observed inconsistency in the link-specific car-following sensitivity factor of 
the FRESIM model.  Because calibration of a network on a link-specific basis is key to an accurate 
network representation, a correction factor was developed that should be applied to the analytically 
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calculated link-specific car-following sensitivity factor.  The application of the correction factor resulted 
in observed saturation flow rates that were within 5% of the desired saturation flow rates. 

The thesis concludes with a comparison of the CORSIM and INTEGRATION models for transient 
conditions.  As a result of the various intricacies and subtleties that are involved in transient behavior, the 
comparisons were conducted by running the models on simple networks where analytical solutions to 
the problem could be formulated.  In urban environments, it was observed that the models are 
consistent in estimates of delay and travel time, and inconsistent in estimates of vehicle stops, stopped 
delay, fuel consumption, and emissions.  Specifically, it was observed that the NETSIM model 
underestimates the number of vehicle stops in comparison with INTEGRATION and the analytical 
formulation.  It was also observed that the NETSIM vehicles speed and acceleration profiles are 
characterized by abrupt accelerations and decelerations.  These abrupt movements significantly impact 
stopped time delay and vehicle emissions estimates.  Inconsistencies in emissions estimates can also be 
attributed to differences in the embedded rate tables of each model. 

In freeway environments for under-saturated conditions, INTEGRATION returned higher values of 
travel time and delay, and lower values of average speed than the FRESIM model.  These results are 
consistent with the analytical solution, and can be attributed to the speed-flow relationship of each 
model. 

In saturated conditions, when the capacity of the bottleneck is equal to the demand volume, the 
emergent vehicle behavior of the FRESIM model was observed to be inconsistent with the analytical 
solution.  The FRESIM vehicles were observed to dramatically decelerate upon entering a lower-
capacity link.  This deceleration behavior led to higher travel time and delay time estimates in FRESIM 
than in INTEGRATION. 

In over-saturated conditions, longer queue lengths were observed in FRESIM than in INTEGRATION, 
resulting in slightly higher travel and delay estimates in the FRESIM model.  The reason for the 
discrepancy in queue lengths is unclear, as the network jam density in each model was equivalent. 
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Chapter 1 INTRODUCTION 

1.1 BACKGROUND INFORMATION 

Traffic congestion has increased significantly over the past several years.  Improvements to infrastructure 
have been outpaced by demand, as environmental and financial concerns have limited the construction 
of new roads and highways.  In such an environment, traffic and transportation engineers are required to 
do more with less.  Thus, transportation professionals have placed a greater emphasis on operational 
strategies that lead to a more efficient use of existing resources.  Computer simulation of transportation 
networks has materialized as a valuable analysis tool for the assessment of transportation systems.  
Often cited advantages of simulation modeling include (US DOT, 1999; May, 1990): 

1. Simulation modeling may be less costly than field implementation.  In addition, simulation 
modeling avoids the disruption of traffic operations that often accompany field experiments. 

2. Generated output data often includes several measures of effectiveness that cannot be easily 
obtained.  

3. Operational impact of future demand can be conducted. 

4. In simulation modeling, many variables can be held constant that cannot be controlled in the 
field.  This may provide insight into what variables are important, and how they interrelate. 

On the other hand, when applied improperly and treated as a “black box” (McShane and Roess, 
1990), simulation models may potentially lead to inaccurate solutions.  As May (1990) points out, there 
are those to whom the model itself becomes the end product, rather than the use of the simulation 
model.  He emphasizes that it is important to keep simulation modeling in its context and view simulation 
modeling as one of several analytical techniques available to the traffic and transportation analyst.  
Potential reservations to simulation modeling include (May, 1990): 

1. There may be easier ways to solve the problem. 

2. Simulation can be time-consuming. 

3. Simulation models require considerable input characteristics and data, which may be difficult 
or impossible to obtain. 

4. Simulation models require verification, calibration and validation that if overlooked renders 
the model useless. 

5. The simulation model may be difficult for non-developers to use because of lack of 
documentation. 

6. Simulation is not possible unless the modeler fully understands the system. 

7. Some users may apply simulation models and treat them as black boxes and really do not 
understand what they represent.   

8. Some users may apply simulation models and not know or appreciate model limitations and 
assumptions. 
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In short, when applied properly, simulation models are a valuable resource to the transportation 
professional.  When applied improperly and ignorantly, they can lead to inaccurate conclusions. 

1.2 PROBLEM DEFINITION 

Recent studies have identified over 70 traffic simulation models (Skabardonis, 1999).  Two well-known 
models are the INTEGRATION and the CORSIM microscopic traffic simulation models.  Simulation 
models are simply numerical representations of the real-world system.  Different models utilize different 
techniques, or numerical algorithms, to represent real-world processes such as lane changing and car-
following behavior, vehicle performance characteristics, driver response to lane drops, and driver 
response to traffic control devices, to name a few.  As such, because the underlying logic and 
assumptions of any two models are different, discrepancies will arise when the final results are 
compared. 

Though several studies have been conducted using a two-model comparative approach in which the 
researchers compared the final results and performance measures, little research has been done which 
investigates why the differences in results exist.  The common analysis has been that model A estimated 
X, while model B estimated Y.  However, if model results are to be interpreted correctly, it is important 
for the analyst to understand some of the underlying logic and assumptions upon which the results are 
based.  In addition, an understanding of model logic and its inherent effect on the output results will aid 
the transportation analyst in future application and calibration of the model to local conditions. 

1.3 THESIS OBJECTIVES  

The objective of this thesis is to provide an analysis of the INTEGRATION and CORSIM microscopic 
traffic simulation models.  Specifically, the car-following behavior of each model is presented, 
compared, and analyzed.  Analytical solutions are developed to provide a basis for comparison.  The 
models are then applied to scenarios in which the differences in output results could be and identified 
and isolated, and an explanation and accounting of the differences in results is offered. 

The second objective of this thesis is to present a framework for the calibration of the CORSIM 
(FRESIM) car-following behavior.  The procedure is then validated and applied. 

1.4 THESIS CONTRIBUTIONS 

The first significant contribution of this thesis is the presentation of the logic utilized in the CORSIM and 
INTEGRATION simulation models.  Specifically, the car-following algorithms from each model are 
explained.  This will serve to assist the transportation analyst in understanding emergent vehicle activities, 
such as acceleration and deceleration behavior, from individual vehicles.  Additionally, this will benefit 
the traffic engineer in the interpretation of many of the macroscopic output measures of effectiveness, as 
an accurate interpretation of output results requires a basic understanding of the logic and assumptions 
used in the model. 

A second significant contribution of this thesis is the presentation of a calibration procedure for the car-
following sensitivity factors of the FRESIM car-following model.  Given that car-following sensitivity 
factors are difficult to calibrate, the procedure relates the microscopic car-following sensitivity factor to 
macroscopic measures of capacity, free-speed, and jam density.  This will aid the traffic analyst in 
determining the appropriate car-following sensitivity factor that should be input into the model, as the 
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macroscopic measures of capacity, jam density, and free-speed can be measured and calculated from 
field data obtained from surveillance devices, i.e. loop detectors. 

A third contribution of this thesis arises from a comparison of the output results of the INTEGRATION 
and CORSIM models.  The simplified nature of the comparison network facilitates the identification of 
differences in output results.  Definitional differences between performance measures of the two models 
are acknowledged and interpreted accordingly, thus aiding the transportation analyst in formulating an 
educated analysis and interpretation of the output results. 

1.5 THESIS LAYOUT AND APPROACH 

The thesis first presents a literature review, followed by a model comparison of car-following behavior 
for steady-state conditions.  Subsequently, a model comparison of CORSIM and INTEGRATION is 
presented when the models are applied to urban arterials in non-steady state conditions.  The models 
are also compared when applied to freeway environments for under non-steady station conditions.  
Finally, conclusions, implications of findings, and recommendations for further research are summarized. 

Chapter 2 contains insights gleaned from the current literature, with an emphasis on comparative 
simulation studies of the CORSIM and INTEGRATION models.  In addition, some of the lessons 
learned and recommendations of others for further research are presented. 

Chapter 3 relates steady-state car-following behavior to macroscopic traffic stream models.  This is 
done in order to develop a calibration procedure for the FRESIM car-following model, which is also 
presented.  The objectives of this chapter are two-fold.  The first objective is to compare the car-
following logic from CORSIM and INTEGRATION for steady-state conditions.  The second objective 
of this chapter is to demonstrate how the calibration of the FRESIM steady-state car-following model 
can be achieved using macroscopic loop detector data that is typically available in the field. 

Chapter 4 is a comparison of the INTEGRATION and CORSIM models as applied to urban arterials 
for non-steady state conditions.  Specifically, Chapter 4 compares the CORSIM model with the 
INTEGRATION model in transient conditions, by considering the effects when vehicles engage in 
deceleration and acceleration maneuvers.  Because the CORSIM software is a combination of two 
simulation models, this chapter focuses on the NETSIM transient car-following behavior.  As a result of 
the various intricacies and subtleties that are involved in transient behavior, the comparison is conducted 
by running the models on a simple network where analytical formulations to the problem are feasible in 
order to establish a base case for comparison. 

Chapter 5 is a comparison of the INTEGRATION and CORSIM models as applied to freeway 
environments in non-steady state conditions.  This chapter focuses on the FRESIM transient car-
following behavior.  Again, the comparison is conducted by running the models on a simple network 
where analytical solutions to the problem are feasible in order to establish a base case for comparison.  
The analytical solutions are presented in the form of speed-flow relationships, which were derived from 
the car-following logic of each model. 

Finally, Chapter 6 presents a brief discussion and summary of the findings. 
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Chapter 2 -LITERATURE REVIEW 

2.1 INTRODUCTION 

Today’s highway system carries significantly more vehicle miles of travel than ever before.  The 
demands on the transportation system continue to grow faster than improvements can be made.  
Consequently, transportation system planners, engineers, and analysts have placed a greater emphasis 
on the operational efficiency of roadway networks.  Transportation professionals are required to identify 
critical links in a system where capacity improvements are needed, and to develop plans that meet the 
needs of the system, but are restrained by environmental, social, and financial concerns. 

Simulation models can significantly aid the analyst in providing acceptable alternatives to address a given 
problem.   Traffic simulation models are increasingly being utilized in the planning and operational 
analysis of transportation facilities.  Table 2-1 shows some of the often-mentioned benefits to simulation 
modeling. 

Though simulation modeling can be of great benefit to the analyst, when used incorrectly they can lead 
to inaccurate and sub optimal solutions.  Some of the potential drawbacks to simulation modeling are 
seen in Table 2-2.  To properly apply and use a simulation model as a tool to improve the transportation 
system, it is important that the model user understands some of the basic assumptions and logic on 
which the output measures of effectiveness are based. 

 

Table 2-1: Simulation Model Strengths (May, 1990) 

• Other analytical approaches may not be appropriate. 
• Can experiment off-line without using on-line trial and error approach. 
• Can experiment with new situations that do not exist today. 
• Can yield insight into what variables are important and how they interrelate. 
• Time and space sequence information provided not only mean and variances. 
• System can be studied in real time, compressed time, or expanded time. 
• Potentially unsafe simulation experiments can be conducted without risk to system users. 
• Can replicate base conditions for equitable comparison of improvement alternatives. 
• One can study the effects of changes on the operation of a system:  “What if…happens?” 
• Can handle interacting queuing processes. 
• Can transfer unserved queue traffic from one time period to the next. 
• Demand can be varied over time and space. 
• Unusual arrival and service patterns can be modeled which do not follow more traditional mathematical 

distributions. 
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Table 2-2: Simulation Model Reservations (May, 1990) 

• There may be easier ways to solve the problem.  Consider all possible alternative ways. 
• Simulation is time consuming and expensive.  Do not underestimate time and cost. 

• Simulation models require considerable input characteristics and data, which may be difficult or impossible 
to obtain.  

• Simulation models  require verification, calibration, and validation, which, if overlooked, make the model 
useless.  

• Development of simulation models requires knowledge in a variety of disciplines; including traffic flow 
theory, computer programming and operation, probability, decision-making, and statistical analysis. 

• Simulation is not possible unless the developer fully understands the system. 
• The simulation model may be difficult for non-developers to use because of lack of documentation or 

unique computer facilities. 
• Some users may apply simulation models and treat them as black boxes and really do not understand what 

they represent.  

• Some users may apply simulation models and may not know or appreciate model limitations and 
assumptions. 

2.2 TERMINOLOGY AND VOCABULARY USED IN SIMULATION MODELING 

The following is a brief explanation of many of the terms used in simulation modeling (Elefteriadou et al., 
1999). 

Simulation: May (1990) describes simulation as "a numerical technique for conducting experiments on 
a computer, which may involve stochastic characteristics, be microscopic or macroscopic in nature, and 
involve mathematical models that describe the behavior of a transportation system over extended 
periods of real time.” 

Empirical model: Empirical models are developed through the statistical analysis of field data. 

Analytical model: Analytical models are developed theoretically. 

State: A state variable characterizes an attribute in the system at some point in time.  For example, the 
state of a highway can be dictated by the vehicle flow traversing the network over time. 

Event: An event refers to an occurrence at a point in time that changes the system state.  For example, 
if a vehicle changes speed or position, an event occurs.  A change in a signalized intersection from a red 
phase to a green phase is an event. 

Deterministic: A deterministic model has no probabilistic (random) variables.  Every simulation run 
produces exactly the same results.  All the model parameters are known in advance, and are defined by 
exact relationships (mathematical, statistical, or logical). 

Stochastic: Stochastic models have processes that include probability functions.  Random variables are 
used during simulation to determine either specific values for model variables or the actions that should 
be taken.  Different random number sequences will produce different model results, so the outcome 
from the simulation cannot be predicted with certainty before the simulation begins. 

Discrete event simulation: A discrete event simulation refers to a system in which the variables change 
instantaneously at discrete intervals.  For example, the number of vehicles waiting in a queue is a 
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discrete, whole number (i.e., 2.3 vehicles cannot be waiting at the signal.)  If 2 vehicles are waiting at an 
intersection, and another vehicle joins the queue, the total number of vehicles changes discretely to 3). 

Microscopic model: Microscopic models capture individual vehicle movements.  Traffic is simulated 
using car-following relationships, lane-changing, and other processing logic, which describes the vehicle 
behavior.  Microscopic speed characteristics are those of individual vehicles as they pass a given point 
or traverse a short segment. 

Macroscopic model: Macroscopic models use variables such as vehicle flow, speed, and density as 
input variables.  Traffic is then simulated using analytical relationships between these variables.  
Macroscopic characteristics are those of groups of vehicles, which pass a point, or traverse a freeway 
segment during a specified time period. 

2.3 GUIDANCE IN SELECTING THE PROPER SIMULATION MODEL 

According to a study by U.C. Berkley, and cited by Skabardonis (1999), there are more than 70 
simulation models available.  With so many models, it is important that the traffic engineer select the 
proper simulation model for the intended application. 

Elefteriadou et al. (1999) presented a framework for selecting simulation models that are applicable to 
the problem at hand.  In the 8-step guidelines, two important and crucial steps in the selection of a 
simulation model are: 

1. First, that the user become familiar with the strengths, weaknesses, and limitations of each 
simulation model, and  

2. Second, that the user know how to properly interpret the output statistics. 

The study team states that an understanding of the models capabilities is “probably the most important 
aspect of selecting a simulation model.”  The authors identify some key model features that can be used 
to evaluate a model.  These include the size of network, network representation (urban streets, freeways 
etc.), traffic representation (microscopic or macroscopic), traffic composition, traffic operations, traffic 
control, and model output. 

The authors additionally state that the user should “know how to interpret the simulation results, draw 
any inferences from them, and determine whether they constitute a reasonable and valid representation 
of the traffic environment.”  For example, in some simulation models, stop time delay may be defined as 
the time during which a vehicle has a speed less than 5 ft/s, while in others, it may be defined as the time 
during which the vehicle is completely stopped.  An understanding of how each output statistic is defined 
is important in the interpretation of the simulation results. 

The authors presented a series of steps to follow when selecting and applying a simulation model. 

1. Project Scoping: The first step is to identify the problem and the purpose of the study. 

2. HCM Assessment: The next step is to consider the available Highway Capacity Manual 
procedures, and determine if any of them can be applied to the issues identified in project 
scoping.  Limitations of the HCM procedures, with respect to the problem statement and 
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issues from step 1 should be identified.  If the limitations cannot be overcome with HCM 
procedures, simulation may be a viable alternative. 

3. As the authors note, every simulation model has its strengths and weaknesses.  It is 
important for the analyst to understand model limitations and deficiencies, relate the 
limitations to the needs of the project, and select the model that best satisfies the specified 
needs.  Model capabilities, data requirements and availability, ease of use, staff expertise, 
technical support, and past model application and experience should all be taken into 
consideration. 

4. Data Assembly. 

5. Data Input. 

6. Model Calibration and Validation. 

7. Output Analysis. 

8. Alternatives Analysis. 

2.4 MODEL COMPARISON STUDIES 

A search of the literature shows relatively few studies that make a detailed comparison between 
simulation models.  Rather, a typical comparison selected a study area, applied the different models to 
the study area, and compared the output results.  While the studies point out the differences in the 
output estimates, they do not attempt to explain the source of these differences. 

Skabardonis (1999) performed an evaluation and comparison of five simulation models.  The evaluation 
was based on model capabilities and features, input requirements, output options, relationship with 
traditional planning and operational analysis tools, and modeling costs.  The evaluated models were 
CORSIM, INTEGRATION, MITSIM, PARAMICS, and VISSIM. 

Based on the study's findings, the following recommendations were made regarding model selection, 
application, and technical support. 

1. Corridor Improvement Strategies: INTEGRATION appears to be the best model for 
explicitly handling capacity improvements and HOV treatments. 

2. Freeway Operations: CORSIM appears to be the leading model for the testing and 
evaluation of alternative geometric scenarios (weaving, merging, diverging), incidents and 
work-zone impacts, and ramp metering schemes.  INTEGRATION can be used for 
network-wide ramp metering impacts, particularly for traffic diversions.   

3. Arterial Operations: CORSIM appears to be the leading model for the evaluation of various 
intersection design alternatives, signal coordination schemes, and transit modeling along 
exclusive lanes or in mixed traffic. 

4. INTEGRATION appears to be the leading model for the evaluation of ITS scenarios along 
corridors that involve real-time route guidance systems, or changes in traffic patterns due to 
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ramp-metering strategies.  CORISM can be used in the assessment of traffic control 
strategies in which route-selection is fixed. 

Researchers from the University of Hawaii (Wang and Prevedouros, 1998) applied the CORSIM, 
INTEGRATION, and WATSim models to three small networks in Hawaii.  The study concluded that 
the models produced comparable but different results. The study did not elaborate on why the 
differences existed, or attempt to explore them further.  Capacity calibration in CORSIM was done 
using the results of a study that determined the effect of the car-following sensitivity multiplier on 
capacity (Payne et al., 1997).  The principal conclusion of the study was that a large number of default 
parameters needed to be modified in order to replicate real traffic conditions. 

Bloomberg and Dale (1999) applied the VISSIM and CORSIM models to a congested network in 
Seattle, Washington.  The authors noted that as simulation models become easier to use, it might be 
practical to use more than one model on some studies.  In their study, the authors used the two-model 
approach, which proved to be more effective than a one-model study in that the analysis was more 
reliable, and the results more defensible. 

In the study, Bloomberg and Dale performed a quantitative comparison of the results from VISSIM and 
CORSIM.  Through statistical analysis, the modelers determined that significant differences exist 
between the travel times of the two models for congested conditions.  Though the modelers did not 
speculate on specific causes, they did issue some recommendations for other modelers. 

First, the researchers cited some of the benefits of using more than one model for a study area.  They 
suggested that using multiple models gave increased confidence in the models accuracy.  Throughout the 
process of the simultaneous modeling efforts, beneficial changes were made during the testing and 
validation of the model by comparing the output of the models. 

The researchers found that minor changes to the CORSIM and VISSIM input files often had a 
significant impact on the results.  As a result, the authors stated that detailed, model-specific knowledge 
is critical in calibrating the models to local conditions. 

The researchers also emphasized that different models have different ways of producing results.  
Therefore, using more than one simulation model can provide confidence when comparing alternatives, 
thereby demonstrating that more than one performance measure suggests a superior alternative. 

The researchers made the following conclusions: 

1. Relative travel times were consistent between the models and lead to the same conclusions 
about the design options analyzed in the study.  However, there were differences in the absolute 
predictions of the two models for some scenarios.  The researchers speculated that the 
differences might be due to how each model handles vehicles in highly congested conditions, 
though they did not explore these differences any further. 

2. Both models were appropriate for modeling congested arterial street conditions. 

3. The study concluded that a specific model could not be recommended. Instead, it was 
concluded that each model has specific strengths and limitations that should be evaluated on a 
case-by-case basis. 
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The researchers also noted that the study performed was a fairly broad comparison between the two 
models as applied to one network.  They noted that a lack of detailed comparison studies provides an 
opportunity for further research.  Specifically, areas recommended for further research were: 

1. A sensitivity analysis of performance measures (delay, travel time, etc) based on varying 
demand volume levels and traffic compositions. 

2. A document is needed that summarizes and compares the internal logic of models (car-
following, lane-changing, and gap acceptance). 

3. More comparisons should be made of models applied to the same network and to roadways of 
different functional classifications. 

Hall et al. (2000) compared three simulation models (INTEGRATION, CORSIM, and FREQ) to field 
data of over-saturated conditions, and to the procedures outlined in the HCM for the analysis of over-
saturated conditions. 

The researchers noted that the most significant difference between the models related to segment 
capacity.  In FREQ, capacity is input directly.  In CORSIM, capacity is calculated internally within the 
program.  INTEGRATION uses an approach in between the techniques used by FREQ and 
CORSIM.  Within INTEGRATION, a basic saturation flow rate is input, but the resulting capacity may 
be lower due to vehicle behavior such as weaving and lane changing. 

Second, the authors noted that a significant difference exists in the specification of the speed-flow curve 
of each model.  In CORSIM, the speed-flow curve is not directly specified, but some elements of the 
curve are input to the model.  In INTEGRATION, the speed-flow curve is defined by various inputs 
such as jam density, free-flow speed, and speed-at-capacity. 

The authors point out that in over-saturated conditions, a small error in estimating capacity can result in 
large differences in the output measures of effectiveness.  When a sensitivity analysis was performed 
with the three models, for most test sites, there was a wide range of average speeds for each model.  
The variation in average speeds differed from model to model with no obvious pattern. 

General conclusions about the simulation models were: 

a. All three of the tested simulation models are suitable for the modeling of over-saturated 
freeways. 

b. INTEGRATION generally predicted more severe levels of congestion than CORSIM and 
FREQ.  INTEGRATION generally under predicted speeds in all the test cases. 

c. INTEGRATION needed somewhat larger capacity values than the other models tested in order 
to obtain similar results. 

d. CORSIM had variable results.  In some data sets, the speed differences were low, in others 
they were not. 

e. All three of the simulation models are stable, and no unexplained errors or crashes resulted. 

f. Small changes in capacity values result in major changes in the extent and severity of congestion.  
Capacity estimates for bottlenecks therefore need to be accurate for the modeling to be useful.  
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However, the authors note that the optimal capacity for a bottleneck section appears to be 
different for several models. 

g. Differences in average speeds predicted by the three models were evident.  Even small changes, 
such as the random seed, caused significant differences in the results for the same simulation 
model.  The authors thus conclude that a sensitivity analysis is appropriate for over-saturated 
conditions. 

Ulerio (1996) compared the 1994 Highway Capacity Manual ramp junction model to the FRESIM 
model and an independent database.  Study objectives included the determination of appropriate ranges 
of application of each model, analysis of the consistency of internal logic used in each model, analysis of 
the consistency of results when models are applied to the same case, and analysis of the sensitivities of 
the models to key input variables.  Overall, the results indicated that FRESIM might be a reasonable 
tool for use in the case of isolated ramp junctions, although the research suggested that FRESIM might 
not be sensitive enough to some geometric parameters (such as length of acceleration and deceleration 
lanes, and proximity to upstream and downstream junctions).  The researchers suggested that the lane-
changing logic appears to be the primary source of the insensitivity. 

In a comparative analysis of FREQ, FREEVAL, CORSIM, and HCM 2000 freeway analysis 
procedures, May et al. (2001) suggested that a significant need exists for a CORSIM model calibration 
manual, as direct relationships between desired capacity estimates and CORSIM input parameters are 
unclear. May et al. suggested that research is needed to determine the relationship between the 
appropriate CORSIM model input parameters and obtaining the desired segment capacity output. 

Mystkowski and Kahn (1999) compared the queue lengths estimated by SIGNAL94, SYNCHRO3, 
TRANSYT-7 F, PASSER II-90, and CORSIM.  The study pointed out that each program had 
different methodologies for estimating queue lengths.   The researchers documented the definition of 
queue length of each model, applied the models to several intersections in the Denver, Colorado area, 
and compared the results.  The study concluded that CORSIM, TRANSYT-7 F, and SIGNAL94 
produced reasonable results 70 to 85 percent of the time. 

Rakha and Van Aerde (1996) performed a comparison of the INTEGRATION and TRANSYT 
models as applied to the modeling of a two-signal network.  The study first presented a microscopic 
and macroscopic analytical solution for delay, followed by a comparison of simulation results from the 
two models.  The estimated travel times by the two models were found to differ by less than 5%.  These 
differences paralleled the differences between the macroscopic and microscopic analytical solutions.  
The study indicated that INTEGRATION is an effective tool for the modeling and simulation of traffic-
signalized networks.  The study also identified advantages in using INTEGRATION that could not be 
realized by TRANSYT. 

Wang et al. (1999) presented a comparison of the INTEGRATION and CORSIM models applied to 
a work-zone environment.  The researchers compared the model abilities to estimate traffic delay due to 
a closure of a fast lane in a three-lane expressway.  The models were calibrated by comparing total 
delay estimates to delay estimates obtained in the field.  The input variables from each model were 
calibrated by minimizing the squared error between simulation results and field data.  The calibrated 
FRESIM model input variables included the car-following sensitivity factor, rubbernecking factor, time 
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to complete a lane change maneuver, free-flow speed, and the minimum car-following distance.  The 
calibrated INTEGRATION model input variables included the link free-speed, the speed-at-capacity, 
and the saturation flow rate.  The researchers concluded that the INTEGRATION model returned the 
best correspondence with the field data.  One of the reasons cited for this was that the 
INTEGRATION model only requires the calibration of the aggregate speed-flow relationships.  Details 
of a vehicle’s lane-changing and car-following behavior are not explicitly calibrated.  In contrast, 
FRESIM requires the calibration of several variables that are difficult to measure.  The authors conclude 
that while in FRESIM the driver/vehicle behaviors are modeled in great detail, they may not necessarily 
reflect the macroscopic speed-volume relationship in the studied traffic streams. 

2.5 CONCLUSIONS 

Traffic engineers and researchers have applied the INTEGRATION and CORSIM simulation models 
to a variety of roadway conditions.  However, the literature is lacking in a detailed comparative study 
that illustrates the subtle differences between the models.  Though basic comparisons have been made, 
they have only concluded that differences existed between output performance measures, but they did 
not explore in great detail the source of differences. 

A survey of the literature also reveals a need for an improved understanding of the relationship between 
the microscopic FRESIM input variables, (i.e., car-following sensitivity factor), and the resultant 
macroscopic measures such as saturation flow rate and the speed-at-capacity of a link.  The literature 
shows that many modelers find the FRESIM model difficult to calibrate because microscopic measures 
are difficult to measure in the field. 

A comparative study which includes a detailed assessment of not only the final output, but of model 
logic and definitional differences of output measures of effectiveness would be of value to the 
transportation analyst.  CORSIM and INTEGRATION users would then be better prepared to 
properly select and apply a simulation model, accurately calibrate the chosen model, perform an 
informed analysis of the output results, and provide a solution to the problem at hand. 
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Chapter 3 - A COMPARISON AND CALIBRATION OF INTEGRATION AND 

CORSIM STEADY-STATE CAR-FOLLOWING BEHAVIOR 

3.1 INTRODUCTION 

This chapter compares the steady-sate car-following behavior of the CORSIM and INTEGRATION 
models.  In addition, this chapter relates steady-state car-following behavior to macroscopic traffic 
stream models.  This is done in order to develop a calibration procedure for the FRESIM car-following 
model, which is also presented. 

The objectives of this chapter are two-fold.  The first objective is to compare the car-following logic 
from NETSIM, FRESIM and INTEGRATION for steady-state conditions that occur when the lead 
vehicle and the follower vehicles cruise at equal speeds.  The second objective of this chapter is to 
demonstrate how the calibration of the FRESIM steady-state car-following model can be achieved 
using macroscopic loop detector data that is typically available in the field. 

The significance of this research effort lies in the fact that it not only demonstrates the similarities and 
differences in the modeling assumptions of the INTEGRATION, FRESIM and NETSIM models, but 
also explains why differences in model results may occur.  The second contribution of this chapter is that 
it provides a procedure for calibrating the FRESIM model using macroscopic field data obtained from 
loop detectors.  Currently, the calibration of FRESIM is achieved in a rather adhoc manner by changing 
a number of variables, of which the most significant is the driver-sensitivity factor. 

The chapter first provides a brief description of car-following models that describe the behavior of 
vehicles as they follow a lead vehicle.  Having described the behavior of a pair of vehicles, the behavior 
of a traffic stream of vehicles is described.  The relationship between car-following and macroscopic 
traffic flow is then introduced.  Subsequently, the steady-state car-following models that are 
incorporated in NETSIM and FRESIM are presented.  A relationship that allows the user to calibrate 
the driver sensitivity factor that is embedded in the FRESIM model with field loop detector data is then 
developed and presented.  The functional steady-state car-following relationship that is embedded in the 
INTEGRATION model is described, as well as how the model parameters can be calibrated using loop 
detector data.  Finally, the conclusions of the model are presented, along with recommendations for 
further research. 

3.2 BACKGROUND 

This section describes a number of standard single- and multi-regime macroscopic traffic stream models 
that have been described in the literature.  These macroscopic models identify the relationship between 
the three traffic flow parameters, namely flow, speed, and density.  While macroscopic traffic flow 
models describe the behavior of a stream of vehicles along a roadway stretch, microscopic car-
following models describe the behavior of a pair of vehicles within a traffic stream.  The importance of 
relating steady-state car-following behavior to macroscopic traffic flow parameters stems from the fact 
that, unlike microscopic behavior, macroscopic traffic flow parameters can be measured fairly easily in 
the field using standard loop detectors or traffic counters.  Consequently, the calibration of the car-
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following models is better achieved using macroscopic parameters as will be described later in the 
paper. 

Initially the car-following behavior of a single vehicle is explained prior to describing how the motion of a 
single vehicle affects the flow of an entire traffic stream.  It should be noted at this point that this section 
only describes car-following behavior under steady-state conditions, when the lead vehicle is traveling at 
a constant speed and both the lead and follower vehicles have an identical car-following behavior.  
While the analysis of non-steady state car-following behavior is beyond the scope of this chapter, this 
analysis is a first step in understanding non-steady state car-following behavior.  It should also be noted 
that non-steady state behavior occurs when a vehicle moves from one steady state to another.  The 
movement between steady states requires vehicle decelerations or accelerations, which are typically 
impacted by weather, driver, vehicle, and pavement characteristics. 

Drew (1968) suggests “the car-following laws are simplified descriptions of a very complicated 
response to the world of stimuli that confronts a driver.  In fact, only two stimuli are considered: 
the relative speed between a vehicle and the one ahead and the spacing between the two 
vehicles.  Obviously a driver considers more.  Considerable realism can be achieved by including 
several vehicles ahead of and perhaps the vehicle immediately behind the driver.  Most drivers 
are continually evaluating several gaps ahead and are extremely conscious of the proximity of 
the car behind.” 

Furthermore, it could be argued that vehicles also respond to traffic control devices that are 
downstream of the lead vehicle.  For example, a vehicle approaching a traffic signal will not only 
consider the behavior of the vehicle that is ahead of it but also respond to the traffic signal indication that 
is further downstream. 

3.2.1 Field Data 

Under steady-state conditions given that the speed differential between the lead and following vehicle 
approaches zero, current state-of-practice car-following behavior resolves to a relationship between the 
vehicle speed and its distance headway from the lead vehicle.  The relationship tends to an asymptotic 
maximum speed (termed the free-speed) as the headway approaches infinity, as illustrated in Figure 
3-1. 
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a.  Freeway, Orlando 
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b.  Holland Tunnel, New York 
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c.  Arterial Road, United Kingdom 
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Figure 3-1: Sample Steady-State Calibrated Car-Following Model 
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In other words, at free-speed the vehicle’s desired speed is not governed by the surrounding traffic; 
instead it is governed by roadway friction, regulatory, and/or roadway geometric conditions.  As the 
distance headway between the subject and lead vehicle decreases the desired vehicle speed decreases 
until the vehicle comes to a complete stop.  As seen in Figure 3-1 the field data tend to demonstrate a 
fairly linear increase in speed as a function of the distance headway for freeway facilities where the 
vehicle is less constrained by the roadway geometry and/or friction but is more constrained by 
regulatory conditions (e.g. speed limit).   

Alternatively, data obtained from the Holland Tunnel in New York demonstrate a non-linear car-
following behavior.  The Holland Tunnel is a two-lane directional roadway underneath the Hudson River 
that connects New Jersey to New York.  The design features of the tunnel are somewhat restrictive, 
with 3.3-meter lanes (11-foot lanes), no shoulders, and a typical tunnel alignment consisting of a 
downgrade followed by an upgrade.  The data recorded by the Port of New York Authority as part of 
their surveillance system was aggregated into 5-minute averages (May, 1990).  The car-following model 
that is calibrated to the data demonstrates a less aggressive driving behavior compared to freeway 
driving as demonstrated by the milder slope in the speed-headway relationship.   

Finally, the arterial data obtained from a Newcastle University research team in the United Kingdom 
who was studying incident detection technologies (May, 1990), demonstrates an even less aggressive 
driving behavior with a significant non-linear car-following model.  Unlike the freeway and tunnel-driving 
environment, the arterial roadway constitutes driving in an environment that is classified as uncontrolled 
with vehicles encountering significant roadway friction. 

It should be noted that the field data that are presented in Figure 3-1 was extracted from a number of 
data sources, as was described earlier.  These data represent driving conditions in a number of 
controlled and uncontrolled environments.  The car-following models that are calibrated to the field 
data, which will be described later in the chapter, represent the steady-state car-following behavior of a 
vehicle.  As was mentioned earlier, vehicles will typically move from one steady state to another along 
this car-following relationship.  The vehicle’s ability to move between steady states is constrained by its 
acceleration and deceleration capabilities, by the driver aggressiveness, and by weather and pavement 
conditions. 

3.2.2 State-of-the-Art Car-Following Models 

Theories describing how vehicles follow one another were developed in the 1950s and 1960s (May, 
1990) and continue to be developed and compared (Aycin and Benekohal, 1999).  As was mentioned 
earlier, the majority of car-following models consider two independent variables in the driver’s speed 
selection decision.  These variables include the distance headway and the speed differential between the 
lead and follower vehicle.  The models make a simplifying assumption that drivers only respond to the 
vehicle ahead of them without observing other vehicles further downstream.  In some instances the 
models consider a driver reaction time with its traffic stability repercussions.  May (1990) provides a 
detailed description of many of the various car-following models, including the Pipes’, Forbes’, and 
General Motors’ models.  May also presents a detailed description of the various forms of traffic 
stability including local and asymptotic stability. 
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Three car-following models are presented here.  These models are the Pipes model, the car-following 
model that evolves from the Greenshields macroscopic traffic stream models, and a four-parameter 
model that combines both the Pipes and Greenshields model, which constitutes the steady-state car-
following logic within the INTEGRATION software.  It should also be noted that the Pipes model 
serves as the basis for the FRESIM and NETSIM steady-state car-following logic. 

Pipes characterized the motion of vehicles in a traffic stream as following rules suggested in the 
California Motor Vehicle Code, namely: “A good rule for following another vehicle at a safe distance is 
to allow yourself at least the length of a car between your vehicle and the vehicle ahead for every ten 
miles per hour of speed at which you are traveling” (May, 1990).  The resulting equation for distance 
headway as a function of speed is a linear relationship, as illustrated in Figure 3-2.  The car-following 
behavior of a vehicle is constrained by a maximum speed, which is commonly known as the free-speed.  
Free-speed, or free-flow speed is the desired travel speed of a vehicle when the distance headway 
tends to infinity (i.e. no other vehicles are on the roadway).  The free-speed is typically slightly higher 
than the speed limit of the roadway and depends on the level of highway surveillance and enforcement.  
The slope of the Pipes model has been calibrated to reflect the data for the various facilities that are 
presented in the Figure 3-2. 

Figure 3-2 further illustrates the car-following behavior that results from the Greenshields macroscopic 
traffic stream model that is described in the forthcoming section and the four-parameter model that is 
also illustrated in Figure 3-1.  Figure 3-2 clearly illustrates that the Pipes model structure (linear car-
following model) does not capture field observed car-following behavior over a wide range of facility 
types and furthermore it fails to capture car-following behavior over the entire range of a car-following 
domain. 
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b.  Holland Tunnel, New York 
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c.  Arterial, United Kingdom 
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Figure 3-2: Comparison of Car-Following Models 
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3.3 MACROSCOPIC TRAFFIC STREAM MODELS 

Having characterized the motion of a pair of vehicles, this section describes the behavior of an entire 
traffic stream that evolves from the car-following logic of the individual vehicles that constitute this traffic 
stream.  Traffic stream models provide the fundamental relationships between three macroscopic traffic 
stream parameters for steady-state conditions, as illustrated in Figure 3-3.  The traffic stream 
parameters include flow, speed, and density. 

May (1990) defines flow as “the number of vehicles passing a specific point or short section in a 
given time period of time in a single lane.”  A unique flow parameter is the maximum flow or 
capacity (qc), which corresponds to the x-coordinate at the nose of the speed-flow relationship.  Speed 
(u) is defined as the average rate of motion and is expressed in units of distance per unit of time.  From 
a theoretical perspective space-mean-speed rather than time-mean-speed is employed in the 
fundamental stream flow models.  Two unique parameters are identified on the speed-flow relationship, 
which include the free-speed (uf) and speed-at-capacity (uc).  The speed-at-capacity is the speed that 
exists at maximum flow conditions and corresponds to the y-coordinate of the nose of the speed-flow 
relationship, as illustrated in Figure 3-3.  Density (k) is defined as the number of vehicles occupying a 
section of roadway in a single lane.  Density is expressed on a per kilometer and per lane basis 
(veh/km/lane).  The two unique density parameters include jam density (k j) and density-at-capacity (kc), 
often referred to as optimum density.  Jam density is the density of traffic when both flow and speed 
approach zero. 

The basic traffic stream model establishes flow as the product of density and speed, as demonstrated in 
Equation 3-1.  This equation is best described using a simple example.  Assuming that a single lane 1-
mile long roadway segment contains five vehicles (k = 5 veh/km) traveling at a space-mean-speed of 
100 km/h, after a single hour of steady state conditions 100 one-mile blocks of 5 vehicles pass a 
specific observation point resulting in a total flow rate of 500 vehicles per hour (q = 5×100).   

kuq =  [3-1] 

3.3.1 Field Data 

In order to demonstrate how traffic stream models vary for different facility types, three different data 
sets are presented.  Figure 3-3 illustrates data collected from a loop detector along the I-4 freeway in 
Orlando, Florida.  Alternatively, Figure 3-4 illustrates data collected along the Holland Tunnel in New 
York (May, 1990) that were described earlier in the paper.  Finally, Figure 3-5 illustrates loop detector 
data collected on an arterial roadway in the United Kingdom.  Superimposed on the figures are 
calibrated speed-flow-density relationships that were generated using a calibration tool that will be 
described in the following section. 

The freeway speed-flow relationship demonstrates a fairly constant speed in the uncongested regime of 
the relationship (speeds in excess of speed-at-capacity), as illustrated in Figure 3-3.  This trend is 
caused by the fact that the vehicles traveling under uncongested conditions are not constrained by 
vehicle-to-vehicle interaction; instead vehicles are constrained by the speed limit of the facility (90 
km/h).  The figure also demonstrates that the speed-density relationship is highly non-linear exhibiting an 
S-shaped relationship.  The flow-density relationship exhibits a low level of variability about the 
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calibrated model in the uncongested regime (densities less than the density-at-capacity) with more 
variability in the congested regime. 

The tunnel data exhibit a more parabolic type of speed-flow relationship with a more linear trend in the 
speed-density domain, as illustrated in Figure 3-4.  Comparing Figure 3-3 to Figure 3-4 it is evident that 
the vehicles are more constrained with the vehicle interactions in the case of the tunnel than in the case of 
the freeway facility.  The figures also demonstrate a higher lane capacity in the range of 2000 veh/h on 
the freeway versus a 1300 veh/h capacity along the tunnel facility.  The capacity of the arterial roadway 
is further reduced to 600 veh/h as a result of various forms of friction along the facility and the impact of 
traffic signal timings on the facility capacity. 
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Figure 3-3: Sample Traffic Stream Models (I-4, Orlando) 
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Figure 3-4: Sample Traffic Stream Models (Holland Tunnel, New York City) 
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Figure 3-5: Sample Traffic Stream Models (Arterial Road) 
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3.3.2 State-of-the-Art Traffic Stream Models 

Over the years a number of traffic stream models have been proposed and described in the literature 
(May, 1990).  The earlier models assumed a single regime for the congested and uncongested 
conditions.  Later models attempted to improve on the single-regime models by introducing separate 
models for the uncongested and congested regimes. 

The most famous of the single regime models is Greenshields’ model that was developed in 1934 based 
on observations of speed-density measurements obtained from an aerial photographic study (May, 
1990).  Using the aerial data, Greenshields concluded that speed was a linear function of density, as 
demonstrated in Equation 3-2.  Using the linear speed-density relationship together with the basic traffic 
stream model that was presented in Equation 3-1, the speed-flow relationship is represented as a 
parabolic relationship, as demonstrated in Equation 3-3.  The speed-at-capacity can be computed by 
taking the derivative of the flow with respect to speed, as demonstrated in Equation 3-4.  This 
relationship results in a speed-at-capacity that is equal to half the free-speed.  The traffic stream 
relationships that correspond to the Greenshields model are illustrated in Figure 3-6.  It is clear by 
comparing Figure 3-6 to the field data that are presented in Figure 3-3, Figure 3-4, and Figure 3-5 that 
the parabolic speed-flow relationship is reflective of field data under limited conditions.  Finally, it should 
be noted that the calibration of the Greenshields’ model requires the estimation of two parameters, 
namely the free-speed and the jam density.   
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Other single regime models include the Greenberg, the Underwood, and the Northwestern models.  
Greenberg combined equations of motion and continuity for one-dimensional compressible flow to 
derive his model.  Greenberg also discovered a relationship between his model and the General Motors 
car-following model. 

In addition, a number of multi-regime models were developed by Edie and subsequently by a 
Northwestern University research team (May, 1990).  The difficulty of multi-regime models is identifying 
the breakpoints between regimes. 

3.4 RELATIONSHIP BETWEEN MACROSCOPIC TRAFFIC STREAM AND STEADY-STATE CAR-
FOLLOWING BEHAVIOR 

As was mentioned earlier given that steady-state microscopic car-following models characterize the 
relationship between the vehicle’s desired speed and the distance headway between the lead and 
follower vehicles, this model can be related to the macroscopic speed-density relationship assuming all 
vehicles in the traffic stream maintain the same headway distance. 
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For example, Drew (1968) indicates, “the similarities in the macroscopic and microscopic 
approaches have been emphasized.  The former solves a differential equation of stream motion 
and a differential equation of continuity, both expressed in terms of speed u and density k to 
obtain an equation of state (the equation of the fundamental q-u-k traffic surface).  The latter 
combines the differential equation of motion for an individual vehicle together with the 
appropriate boundary conditions to obtain an equation of state.” 

Greenberg was the first to discover the bridge between his proposed macroscopic traffic stream models 
and the third General Motors car-following model.  This bridge was the foundation for later discovery 
that almost all developed car-following theories could be related mathematically to most macroscopic 
traffic stream models (May, 1990).  For illustration purposes the car-following model that corresponds 
to the Greenshields macroscopic relationship is derived from Equation 3-2, as demonstrated in 
Equations 3-5, 3-6, and 3-7.  The corresponding car-following behavior that evolves from the 
Greenshields model demonstrates a fairly aggressive car-following behavior at short distance headways 
with a less aggressive car-following behavior at longer headways, as demonstrated in Figure 3-2.  The 
advantage of the Greenshields model over the Pipes model is that it provides a smooth transition 
between the congested and uncongested regimes. 

The traffic stream models that evolve from the Pipes car-following model are multi-regime in the sense 
that a different model is utilized for the congested versus uncongested regimes, as illustrated in Figure 
3-6.  Specifically, the Pipes model assumes that the traffic stream speed is insensitive to the traffic 
density in the uncongested regime.  This assumption best fits roadways that are designed under high 
geometric standards and vehicle speeds are constrained by regulatory constraints rather than the 
surrounding traffic (e.g. speed limit), however, the assumption is invalid for roadways with sub-standard 
geometric designs or with significant roadway friction, as demonstrated in Figure 3-6, Figure 3-7, and 
Figure 3-8. 
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Figure 3-6: Comparison of Traffic Stream Models (I-4, Orlando) 
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Figure 3-7: Comparison of Traffic Stream Models (Holland Tunnel, New York) 
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Figure 3-8: Comparison of Traffic Stream Models (Arterial, UK) 
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3.5 CORSIM STEADY-STATE CAR-FOLLOWING BEHAVIOR 

CORridor SIMulation (CORSIM) is the micro-simulation component of the TRAF family of models 
that were developed by the US Federal Highway Administration (FHWA) for simulation of traffic 
behavior on integrated urban transportation networks of freeway and surface streets.  CORSIM 
combines the NETwork SIMulation (NETSIM) and FREeway SIMulation (FRESIM) models into an 
integrated package.  Both NETSIM and FRESIM simulate traffic behavior at a microscopic level with 
detailed representation of individual vehicles and their interaction with their physical environment and 
other vehicles.  The following sections describe in further detail the specifics of the car-following 
behavior that is incorporated in each of the models. 

3.5.1 FRESIM Car-Following Behavior 

The FRESIM model utilizes the Pitt car-following behavior that was developed by the University of 
Pittsburgh (Halati et al., 1996).  The basic model incorporates the distance headway and speed 
differential between the lead and follower vehicle as two independent variables, as demonstrated in 
Equation 3-8.  As was mentioned earlier, steady-state conditions are characterized by travel at an equal 
constant speed by both the lead and follower vehicles, which means that the third term of the car-
following model is absent under steady state driving.  Consequently, the steady-state car-following 
model that is incorporated within FRESIM can be characterized by Equation 3-9 in the congested 
regime.  This car-following behavior is identical to the Pipes model that was described earlier.   

2
33 ubcuchh j ∆++=  [3-8] 

uchh j 3+=  [3-9] 

Where: 
h = distance headway between front bumper of lead vehicle and front bumper of follower 

vehicle (km) 
hj = distance headway when vehicles are completely stopped in a queue (km) 
c3 = driver sensitivity factor (h) 
b = calibration constant that equals 0.1 if the speed of the follower vehicle exceeds the speed of 

the lead vehicle, otherwise it is set to zero. 
∆u = difference in speed between lead and follower vehicle 
 

The steady-state model represents a linear increase in the travel speed as the distance headway 
increases.  The driver sensitivity factor (c3) defines the slope of the speed-headway relationship, while 
the intercept with the x-axis defines the jam density headway (hj) of traffic, as illustrated in Figure 3-2.  
A third parameter that is required in characterizing the speed-headway relationship is the free-speed, or 
the maximum speed of travel when a vehicle is not constrained by the surrounding traffic, as 
demonstrated in Equation 3-10.  Consequently, the Pipes car-following model requires the calibration of 
three parameters, namely the free-speed, the jam density headway, and the driver sensitivity factor. 
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The FRESIM model utilizes 10 driver types, which are characterized by driver sensitivity factors that 
range from 0.6 to 1.5, to define the distance headway in feet based on speed measurements in ft/s.  
Given that it is extremely difficult to quantify driver sensitivity, the state-of-practice for calibrating the 
FRESIM car-following behavior can be best described as being unsystematic.  Consequently, the first 
major contribution of this chapter is to identify a procedure for calibrating the FRESIM steady-state 
car-following behavior utilizing parameters that are readily measured in the field. 

3.5.2 NETSIM Car-Following Behavior 

NETSIM is an urban street network simulation software that utilizes a car-following model that 
incorporates a driver reaction time and the ability of vehicles to decelerate at feasible rates without 
resulting in vehicle collisions.  The basic car-following model is defined in Equation 3-11.  Using the 
conditions of steady-state travel Equation 3-11 can be simplified to Equation 3-12.  This simplification 
results from the fact that the stopping distance for both the lead and follower vehicle are identical given 
their identical speeds.  In addition, no driver reaction is required because the follower and lead vehicles 
are traveling at constant speeds.  Furthermore, given that the distance traveled during a time increment 
∆t is the product of the vehicle speed and the time duration (∆t) and because NETSIM utilizes a time 
step of 1 second, the steady-state car-following model reverts to the Pipes model with a driver 
sensitivity factor of 1.0 (assuming speed is in ft/s and distance is in ft), as demonstrated in Equation 3-
13. 

LFj SSrshh −+∆+∆+=  [3-11] 

tuhh j ∆+=  [3-12] 

uhh j +=  [3-13] 

Where: 
h = distance headway between lead and follower vehicles (km) 
hj = distance headway between lead and follower vehicles when vehicles are completely 

stopped in queue (km) 
∆s = distance traveled by follower vehicle over time interval ∆t (km) 
∆r = distance traveled by follower vehicle during its reaction time (km) 
SF = distance required by follower vehicle to come to a complete stop (km) 
SL = distance required by lead vehicle to come to a complete stop (km) 
 

As was the case with the FRESIM car-following behavior, the NETSIM car-following behavior can be 
characterized by the Pipes car-following model that is defined in Equation 3-10 with the exception that 
the driver sensitivity factor is fixed.  Consequently, the NETSIM car-following model is calibrated using 
two parameters, namely; the roadway jam density headway and the roadway free-speed.  Given that 
the FRESIM model is a more general representation of the Pipes model the chapter only pursues the 
calibration issues that relate to the FRESIM car-following behavior. 

3.5.3 Calibration of FRESIM Car-Following Behavior 

The FRESIM steady-state car-following model requires the calibration of three parameters: the jam 
density headway, the free-speed, and the driver sensitivity factor.  While free-speed is relatively easy to 
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estimate in the field and generally lies between the speed limit and the design speed of the roadway, jam 
density headway is more difficult to calibrate.  May (1990) suggests that typical values of jam densities 
range between 110 and 150 vehicles/km.  Driver sensitivity factors are parameters that are extremely 
difficult to calibrate because they cannot be measured using standard surveillance technologies (i.e. loop 
detectors).  As seen in the literature, small adjustments to the input parameters can result in significant 
changes in the extent and severity of congestion, and consequently in average values of speed, travel 
time, and delay (Bloomberg and Dale, 1999; Hall et al., 2000).  Therefore, it is important that the input 
parameters that affect the emergent capacity estimates from the simulation model be calibrated 
correctly. 

As demonstrated earlier in the chapter, the INTEGRATION car-following logic is calibrated through 
the use of macroscopic parameters, one of which is link capacity.  Alternatively, the FRESIM car-
following logic is calibrated using a driver sensitivity factor.  Important macroscopic parameters such as 
link capacity cannot be coded directly within FRESIM.  Rather, the macroscopic effects are controlled 
indirectly by inputs such as the car-following sensitivity factor.  Given that car-following sensitivity 
factors are difficult, if not impossible, to measure in the field, analysts have found it very difficult to relate 
the FRESIM input variables to capacity. 

May et al. (2001) pointed out that “direct relationships between desired capacity estimates and 
CORSIM input parameters were not clear.  Research is needed to determine the relationships between 
the appropriate CORSIM model input parameters and obtaining the desired segment capacity output.” 

Payne et al. (1997) performed a series of simulation runs in which the FRESIM model parameters were 
systematically varied, and the resultant capacity measured.  He then developed a series of charts from 
which the car-following sensitivity factor could be obtained by referencing the desired capacity.  
However, these charts do not take into account variations in jam density and free-speed.  The 
relationships were empirically derived, and therefore are scenario-specific. 

Halati et al. (1997) also conducted a series of simulation runs to determine the relationship between the 
distribution of car-following sensitivity factors and the roadway capacity.  He concluded that the mean 
driver sensitivity factor is a main determinant of roadway capacity.  It is important to emphasize that the 
mean value of the decile distribution of sensitivity factors was found to be important, and that the 
variance appeared to have a lesser impact on the roadway capacity.  At the time of his study, the 
FRESIM car-following factor could not be changed on a link-by-link basis, but was limited to the entire 
network.  Modelers were forced to adjust the capacity of a link indirectly using incident modeling 
capabilities.  Since the completion of the study, a link-specific car-following sensitivity factor has been 
implemented into the model. 

It can be shown that the resultant speed-flow relationship from the Pipes car-following model is a strict 
monotonic function, which means that the optimum value of the function occurs at the extreme points of 
the function (i.e. when the function intersects the speed constraint).  Recall the steady-state Pitt car-
following relationship, as shown by Equation 3-14.  Since traffic stream density is the inverse of the 
space headway, Equation 3-15 describes the basic speed-density relationship that evolves from the Pitt 
steady-state car-following model. 

uchh j 3+=  [3-14] 
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uch
k

j 3

1
+

=  [3-15] 

Where: 
h = vehicle distance headway (km) 
hj = vehicle distance headway when traffic is completely stopped in a queue (km) 
u = space-mean-speed of a vehicle (km/h) 
c3 = headway coefficient (h) 
k = traffic stream density (veh/km) 
 

Using the basic traffic stream relationship that is defined in Equation 3-16 in conjunction with Equation 
3-15 the speed-flow relationship can be derived, as described in Equation 3-17. 

kuq =  [3-16] 
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u

q
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=  [3-17] 

The slope of the speed flow relationship is computed as the derivative of flow with respect to speed as 
demonstrated in Equation 3-18.  The final form of the slope that is defined in Equation 3-19 is a strict 
monotonic function given that the jam density headway of vehicles is a positive number that exceeds the 
length of a vehicle.  Consequently, the maximum flow will occur at the extreme point (i.e. at the 
maximum speed which is the free-speed). 
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As demonstrated, the basic speed-flow relationship that evolves from the Pitt steady-state car-following 
model is defined using 3-17.  Because the speed-flow relationship is strictly monotonic, the maximum 
flow (qc) occurs at the boundary of the relationship (i.e. at free-speed).  Consequently, the maximum 
flow can be derived from Equation 3-17 by substituting the flow for the capacity of the roadway (qc) 
and the speed for the free-speed (uf), resulting in Equation 3-20.  Using Equation 3-20, the headway 
coefficient can be computed, as defined in Equation 3-21. 
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Because the maximum flow occurs when the speed-flow function intersects the maximum speed 
constraint, the driver sensitivity factor can be computed using Equation 3-21.  Equation 3-21 requires 
three parameters that can be obtained from standard loop detector data.  These are the roadway 
capacity (maximum flow rate), the spacing of vehicles at jam density, and the roadway free-speed.  
Figure 3-9 illustrates three nomographs that were generated using Equation 3-21 to estimate driver 
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sensitivity factors based on a desired roadway capacity (y-axis) and a known jam density and free-
speed. 
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Figure 3-9: FRESIM Car-Following Calibration Nomographs 
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3.5.4 Implementation of Sensitivity Factor Calibration Technique 

The proposed calibration technique, as seen in equation 3-22, helps the user to determine the 
appropriate car-following sensitivity factor using familiar macroscopic traffic flow characteristics.  The 
required variables include the jam density headway (ft/veh), the free-speed (ft /s), and the desired 
saturation flow rate (veh/s). 

f

j

c u

h

q
c −= 1

3   [3-22] 

Jam density is not directly input into the FRESIM model.  However, two microscopic parameters, the 
vehicle length, L, and the minimum vehicle separation constant, PCFSEP, affect jam density.  Vehicle 
length, L, is modified using record type 71.  The minimum vehicle separation constant is modified by 
record type 68. 

The jam density in FRESIM is calculated as the sum of PCFSEP and L.  However, in CORSIM ver. 
5.0, when a vehicle travels at a speed less than 10 ft/s, the car following model sums L and the minimum 
of PCFSEP or one-half of the vehicle's current speed. This allows moving vehicles to form slow moving 
queues with separation distances less than 10 feet.  Because the model internally adds 3 feet to the 
specified vehicle length, L, to obtain the effective vehicle length in a standing queue, stopped vehicles 
will have a minimum separation distance of 3 feet.  However, a discontinuity in the jam density occurs as 
the vehicle’s speed approaches 10 ft/s.  At a speed of 11 ft/s, the jam density will be (L+10) and at 9 
ft/s, the jam density will be (L+4.5).  The discontinuity might be overcome by modifying the default 
value of PCFSEP, to a value of 5, though this should be investigated further. 

For illustration purposes, if a capacity of 1920 veh/h is desired, the jam density of the link is 100 
veh/km, the free-speed of the link is 55 mi/h (81 ft/s) and the default value of PCFSEP (10 ft) is 
utilized, the vehicle length and car-following sensitivity factor that should be entered into FRESIM is 
calculated as: 

vehicle
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Where: 

PCFSEPLh j +=  
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FRESIM only allows whole numbers to be input into the model.  Additionally, FRESIM automatically 
adds 3 feet to the vehicle length for an “effective length” of a vehicle.  Therefore, a length, L, of 20 feet 
should be entered into the model. 
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3.5.4.1 Network-wide car-following sensitivity factor 

A series of test scenarios was run using different values of jam density and free-speed, for sensitivity 
factors ranging from 1.0 to 3.5.  The analytical volume for each combination of jam density and free 
speed was calculated using equation 3-22.  The results, as illustrated in Figure 3-10, demonstrate a 
good fit between the observed flows and the analytical solution. 
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Figure 3-10: Analytical and Observed Flows in FRESIM. 

As illustrated in Figure 3-10, the analytical volumes are consistent with the flow observed in the model.  
The average difference between the observed and analytical flow is under 2%.  The largest difference 
between the observed and analytical flow is when the flow becomes very large, exceeding the feasible 
range of 2300 veh/hr.  It is important to note that in order to observe flow rates above 2000 veh/h, the 
minimum separation for generation of vehicles (Record Type 70) needs to be reduced from the default 
value of 1.8 seconds. 
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3.5.4.2 Link-specific car-following factor 

As previously mentioned, recent versions of CORSIM (version 4.3, version 5.0) allow for the 
adjustment of the car-following sensitivity factor on a link-specific basis.  In order to ensure that the 
proposed calibration procedure is valid for both network and link-specific car-following factors, a 
sensitivity analysis was conducted.  A series of simulation runs was performed in which the link-specific 
car-following sensitivity factor was incrementally increased, while the network sensitivity factor was held 
constant.  The results are seen in Figure 3-11. 
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Figure 3-11: Analytical Flows and Flows Observed using Network Wide and Link-Specific Car-Following 

Sensitivity Factor  

As seen from Figure 3-11, a large difference exists between the saturation flow rates observed using the 
network-wide factor and those observed when the link-specific car-following factor is implemented into 
the model.  Because the link-specific car-following sensitivity factor simply acts as a multiplier of the 
network wide factor the observed flow rates should be identical.  In order to further investigate the 
apparent discrepancy, three additional sets of simulations were conducted. 

In the first set of simulation runs, the network car-following sensitivity factor was set at 0.50.  In the 
second set of simulation runs, the network car-following sensitivity factor was set at 1.00.  In the third 
and final set, the network car-following factor was set at 1.5. 

Ten runs of each set were performed.  Within a set of runs, the network car-following factor was held 
constant, while the link car-following factors were incrementally increased for a range of 1.0 to 1.5.  It is 
important to note that the link-specific factors of all three links in the network were adjusted, thus 
eliminating the influence of a downstream link on the flow rates of the upstream link. 

For example, in the first run of the set with a network car-following factor of 1.50, a link factor of 0.67 
was input into the model on each link, resulting in an effective factor of 1.0 (1.50*0.67).  In the second 
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run, the link factors were increased to 0.73, for an effective factor of 1.1.  In the third run, the link 
factors were set at 0.80, producing an effective factor of 1.2.  The process was repeated for a range of 
effective factors of 1.0 to 1.5. 

In the set of runs with a network car-following factor of 0.50, the link factors were set at 2.0, resulting 
in an effective factor of 1.0 (0.50*2.0).  In the second run, the link factors were increased to 2.2, 
resulting in an effective factor of 1.1 (0.50*2.2).  The process was repeated for the range of effective 
factors of 1.0 to 1.5.  Figure 3-12 is a plot of the results. 
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Figure 3-12: Sensitivity of Link-Specific Car-Following Sensitivity Factor 

As seen in Figure 3-12, an inconsistency exists in the observed saturation flow rates of the link-specific 
car-following sensitivity factor, the observed flow rates of the network car-following sensitivity factor 
and the flow rates obtained from the analytical solution.  The observed flow rates of the link-specific 
factor appear to be dependent not only on the product of the network and link-specific factors, but also 
on the specific values of the network and link factors.  Interestingly, as can be seen in Figure 3-12, the 
observed flow rate is equal to the analytical flow rate when the link factor and network factor are set at 
1.0.  This indicates that the problem may arise in the multiplication of the factors. 

In light of the inconsistencies observed in the link-specific car-following sensitivity factors, a regression 
equation was formulated in order to provide some guidance in link-specific capacity calibration.  The 
regression equation was developed using the analytical flow rates and the flow rates observed when a 
network car-following sensitivity factor of 1.0 is input into the model. The regression equation returns a 
correction factor that can then be applied to the analytical estimates of the car-following factor, c3, 
obtained from Equation 3-22.  The independent variable, x, of the regression equation is the desired 
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saturation flow rate.  The dependent variable, y, is the correction factor.  To illustrate, for a desired 
capacity of 1500 veh/h, equation 3-22 returns a car-following sensitivity factor of 3.34.  The regression 
equation, shown in Figure 3-13, is then applied to the analytical solution, returning a corrected sensitivity 
factor, c3L. 

( ) ( ) 9098.09598.115000013.015000000004.0 2 =+−= vphvphy  

( ) 81.199.19098.03 ==Lc  

A link factor of 1.81 should then be input into the FRESIM model for the link with a desired capacity of 
1500 veh/h. 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.759
R Square 0.576
Adjusted R Square 0.545
Standard Error 0.071
Observations 30

ANOVA
df SS MS F Significance

Regression 2 0.187 0.093 18.350 9.28E-06
Residual 27 0.138 0.005
Total 29 0.324
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Figure 3-13: Correction Factor for Link-Specific Car-following Sensitivity Factor 

The presented correction factor should serve as a guide in selecting an appropriate link car-following 
sensitivity factor.  The author recognizes the inherent shortcomings of using regression analysis, and the 
potential introduction of error.  However, it was seen that the application of the regression equation 
produced a car-following sensitivity factor that when input into the FRESIM model, returned saturation 
flow rates within 5 to 10% of the desired link capacity.  It should also be noted that based on Figure 
3-12, it is not necessary to utilize the regression equation when the desired capacity is below 1000 
veh/h.  Unfortunately, typical freeway sections operate at saturation flow rates that are higher than this 
benchmark value. 

3.6 INTEGRATION STEADY-STATE CAR-FOLLOWING BEHAVIOR 

The INTEGRATION model was conceived as an integrated simulation and traffic assignment model 
(M. Van Aerde and Associates, 2000).  The model performs simulations by explicitly tracking the 
movement of individual vehicles within a transportation network every deci-second.  This detailed 
tracking of vehicle movements allows, among other things, the model to conduct detailed analyses of 
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lane changing movements, shock wave propagations along transportation links, as well as gap 
acceptance, merge and weaving behaviors at intersections and freeway entrances and exits.  The 
microscopic modeling featured by the software also permits considerable flexibility in representing 
spatial variations in traffic conditions, in addition to considering time variations in traffic demands, vehicle 
routings, link capacities and traffic controls without the need to pre-define common time-slice durations.  
This implies that the model is not restricted to hold departure rates, signal timings, incident severities and 
durations, and even traffic routings at constant settings for any period of time.  Finally, in addition to 
estimating stops and delay, the model also possesses internal routines that directly estimate the fuel 
consumed by individual vehicles, as well as the emissions of hydrocarbon (HC), carbon monoxide (CO) 
and oxides of nitrogen (NO) that are produced by these vehicles.  Similar to the tracking of vehicle 
movements, these parameters are estimated on a second-by-second basis based on each vehicle’s 
instantaneous speed and acceleration levels. 

The INTEGRATION model uses a steady-state car-following model that was proposed by Van Aerde 
(1995) that combines the Pipes and Greenshields models into a single regime model.  The model, which 
requires four input parameters, can be calibrated using field loop detector data, as was demonstrated by 
Van Aerde and Rakha (1995). 

3.6.1 Functional Form 

The functional form of the four-parameter model that was proposed by Van Aerde (1995) amalgamates 
the Greenshields and Pipes car following models, as demonstrated in Equation 3-21.  Specifically, the 
first two parameters provide the linear increase in the vehicle speed as a function of the distance 
headway, while the third parameter introduces curvature into the model thus allowing the speed-at-
capacity to be less than the free-speed. 

uu
c

ucch
f −

++= 2
31

 [3-21] 

Where: 

h = the vehicle headway (km/veh) which is the inverse of density 
u = speed (km/h) 
uf = free speed (km/h) 
c1 = fixed distance headway constant (km) 
c2 = first variable headway constant (km2/h) 
c3 = second variable distance headway constant (h) 
 

In summary, the four-parameter single regime model addresses the main flaws of the Greenshields and 
Pipes models.  Specifically, the model overcomes the main flaw of the Pipes model in its assumption that 
vehicle speeds are insensitive to traffic density in the uncongested regime, which contradicts the field 
data that are presented in Figure 3-3, Figure 3-4, and Figure 3-5.  Alternatively, the model overcomes 
the main flaw of the Greenshields model, which assumes that the speed-flow relationship is parabolic, 
which again contradicts field data, as also demonstrated in Figure 3-3, Figure 3-4, and Figure 3-5. 
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Unfortunately, the introduction of c1 and c3 parameters into the model also make the speed-density 
relationship non-linear, which requires the least squares approach to be generalized beyond its common 
and simple linear regression subset.  This step is discussed in the following section. 

3.6.2 Calibration of Car-Following Behavior 

The concept of fitting a relationship between speed, volume and density data, which does not consider 
one variable to be more independent than another, resulted in Equation 3-22.  Equation 3-22 includes a 
non-linear objective function and a number of non-linear constraints.  The first constraint ensures that the 
speed-flow-density function is maintained, while the second constraint satisfies the basic traffic flow 
relationship.  The final set of constraints guarantees that the results of the minimization formulation are 
feasible. 
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In order to solve this problem, an iterative numerical search technique was implemented which starts 
with an initial set of free-speed, speed-at-capacity, capacity and jam density estimates and computes 
the values of c1, c2, c3 and k utilizing Equations 3-23, 3-24, 3-25, and 3-26. 

The derivation of these four equations utilizes a number of boundary conditions including the maximum 
flow and jam density boundary conditions.  The four-parameter traffic stream model that was proposed 
by Van Aerde (1995) is defined in Equation 3-23.  The four parameters that are required to calibrate 
the model are the free-speed (uf), the speed-at-capacity (uc), the capacity (qc), and the jam density (k j). 
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Using the basic traffic stream relationship that is defined in Equation 3-24 in conjunction with Equation 
(3-23), the relationship between the traffic stream flow rate and speed can be derived, as demonstrated 
in Equation 3-25. 
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Two boundary conditions exist.  The first boundary condition is that the maximum flow rate (capacity) 
occurs at the speed-at-capacity when the derivative of the flow rate (q) with respect to speed (u) is 
equal to zero.  Consequently, by differentiating Equation 3-25 as demonstrated in Equation 3-26, 
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Equation 3-27 is finally derived through a number of variable manipulations, as summarized in Equations 
3-27 and 3-28. 
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The second boundary condition is that at jam density the traffic stream speed is zero.  Consequently, 
Equation 3-30 can be derived from Equation 3-23 by setting the speed to zero at jam density.  
Subsequently, Equation 3-31 can be derived from Equation 3-30 through variable manipulations. 
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By incorporating Equation 3-31 in Equation 3-29, the headway coefficient (c2) can be computed using 
Equation 3-32 after computing the variable m.  Subsequently, the headway coefficient (c1) can be 
computed using Equation 3-29. 
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By solving Equation 3-25 at capacity where flow equals the roadway capacity (qc) and the speed of the 
traffic stream is the speed-at-capacity (uc), the headway coefficient (c3) can be estimated using Equation 
3-33. 
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In summary, the model proceeds by iteratively varying the values of the free-speed, speed-at-capacity 
and jam density using a full hill climbing technique and selects the parameters that minimize the sum of 
squared orthogonal errors. 
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Where: 
c1 = fixed distance headway constant (km), 
c2 = first variable distance headway constant (km2/h), 
c3 = second variable distance headway constant (h), 
uf = free-speed (km/h), 
uc = speed at capacity (km/h), 
qc = flow at capacity (veh/h), 
kj = jam density (veh/km), and 
m = is a constant used to solve for the three headway constants (h/km). 

3.7 FINDINGS AND CONCLUSIONS 

Three macroscopic traffic stream models and their corresponding microscopic steady-state car-
following models were presented in this chapter.  The simplest of these models, namely the 
Greenshields’ single regime model requires two calibrated parameters: jam density and free-speed. 

Alternatively, the Pipes two-regime car-following model requires three calibrated parameters: free-
speed, jam density, and a driver sensitivity factor. 

Finally, the four-parameter single-regime model that was proposed by Van Aerde (1995), while 
requiring four parameters for calibration, provides more degrees of freedom to reflect different traffic 
behavior across different roadway facilities.  Specifically, Figure 3-3, Figure 3-4, and Figure 3-5 
demonstrate the ability of this model to fit traffic stream models to data from a number of varying facility 
types including a freeway, an arterial, and a tunnel roadway.  These fits demonstrate a good 
representation of the steady-state macroscopic behavior of a traffic stream in the flow, speed, and 
density domains.  Furthermore, Figure 3-1 illustrates a good representation of steady-state car following 
behavior for the three facility types that were considered. 

The additional degree-of-freedom that is provided by including four parameters in the macroscopic 
traffic stream models overcomes the shortcomings of the current state-of-practice models by capturing 
both macroscopic and microscopic steady-state traffic behavior for a wide range of roadway facilities.  
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Specifically, Figure 3-6, Figure 3-7, an d Figure 3-8 clearly demonstrate the shortcomings of both the 
Greenshields and Pipes models in capturing the full range of traffic stream behavior for a single facility in 
addition to capturing differences in traffic behavior over different facilities. 

Finally, the proposed modification to the calibration procedures of the Pipes model offers an avenue to 
calibrate microscopic car-following behavior using macroscopic field measurements that can be easily 
obtained from loop detectors.  This calibration procedure, while it does not overcome the inherent 
shortcomings of the Pipes model, does provide an opportunity to better calibrate FRESIM car-
following behavior to existing roadway conditions.   

The proposed calibration procedure was seen to accurately estimate saturation flow rates within 2% of 
the desired capacity for network car-following sensitivity factors.   

A discrepancy was observed in the link-specific car-following sensitivity factor.  Utilization of the link-
specific sensitivity factors resulted in observed flow rates different from those observed with the 
network factor, when the effective flow rates were equivalent.   

Due to the apparent discrepancies and inconsistencies in the FRESIM model for the link-specific car-
following sensitivity factor, a correction factor was introduced that can be applied in order to estimate 
the appropriate sensitivity factor.  When applied to the c3 value estimated by the proposed calibration 
equation, the observed flow rates were within 10% of the desired saturation flow rates. 
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Chapter 4 COMPARISON OF INTEGRATION AND NETSIM NON-STEADY 

STATE CAR-FOLLOWING BEHAVIOR 

4.1 INTRODUCTION 

In chapter 3 the INTEGRATION and CORSIM steady-state car-following logic were compared. The 
objective of this chapter and the following chapter is to extend the analysis that was presented in chapter 
3 by considering transient effects when vehicles engage in deceleration and acceleration maneuvers. 
Because the CORSIM software is a combination of two simulation models, this chapter focuses on the 
NETSIM transient car-following behavior, while the subsequent chapter focuses on the FRESIM 
transient car-following behavior. As a result of the various intricacies and subtleties that are involved in 
transient behavior, the comparison is conducted by running the models on a simple network where 
analytical formulations to the problem are feasible in order to establish a base case for comparison 
purposes. 

The chapter first describes the transient car-following logic within the NETSIM and INTEGRATION 
software followed by a brief description of the model input and output parameters. Subsequently, the 
test network and test scenarios that were analyzed are described. Three scenarios are considered that 
systematically vary in degree of complexity. The first scenario involves uniform arrivals at an under-
saturated signalized approach. While this scenario represents the simplest of all scenarios it does 
provide a benchmark for model comparison before engaging in more challenging scenarios. The second 
scenario involves uniform arrivals at an over-saturated signalized intersection. The inclusion of over-
saturation conditions provides an opportunity to compare model output when vehicles experience 
multiple stops. The final scenario combines the first two scenarios with the addition of randomness in 
vehicle arrivals. Finally, the conclusions of the comparison are presented. 

4.2 DESCRIPTION OF CAR-FOLLOWING BEHAVIOR IN TRANSIENT CONDITIONS 

This section describes the car-following behavior that is embedded in the NETSIM and 
INTEGRATION software.  The logic is described based on what is described in the literature. 

4.2.1 NETSIM Transient Car-Following Behavior 

As was mentioned earlier, CORSIM is a microscopic traffic simulation model consisting of two sub-
models, namely NETSIM and FRESIM.  NETSIM is used to simulate urban surface street conditions 
while FRESIM is used to simulate freeway conditions.  The two models together are known as 
CORSIM. 

NETSIM is based on fixed-time, discrete event simulation.  Vehicles within NETSIM are represented 
individually, and are classified as one of 9 vehicle types, with each type having different operational and 
performance capabilities.  Each vehicle is assigned a driver type, which can be either passive or 
aggressive (Rathi, 1990) 

The spatial and physical environment is represented by a series of unidirectional links and nodes.  The 
vehicles enter the network at origination nodes and are moved through the network by the car-following 
logic.  As was mentioned in Chapter 3, the NETSIM car-following logic requires the calibration of three 
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parameters, namely; the roadway free-speed, the facility jam density, and the roadway queue discharge 
rate (reciprocal of roadway saturation flow rate). 

The basic tenet of the NETSIM car-following logic is to move vehicles while avoiding rear-end 
collisions.  As the simulation progresses by each time step, the lead vehicle is first brought to its new 
position.  The follower is then moved to a location such that if the leader decelerates at the maximum 
deceleration rate, the follower is able to stop without crashing into the lead vehicle (Aycin and 
Benekohal, 1999). 

NETSIM processes the vehicles at a fixed time step of 1 second after which the vehicle’s speed, 
acceleration, and position are updated according to the basic equations of motion (Aycin and 
Benekohal, 1999). 

f
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ff avXX ++=  (4-2) 

Where: 

fa   = Acceleration of the follower at end of time step; 

fL vv ,  = Speed of the leader and follower at end of time step, respectively; 

LX    = Position of the leader at end of time step; 
s
f

s
L XX , = Stopped position of the leader and follower respectively; 
i
fX   = Position of follower at beginning of time step; 

T
f

T
L ss ,  = Distance to stop leader and follower, respectively; 

fs∆  = Distance follower travels in time step; 

c   = Reaction time; 
r∆   = Distance follower travels because of reaction time; 

L   = Length of leader; 
lf dd ,  = Follower and leader maximum emergency deceleration rate, respectively (default 

value is 12 ft/s/s). 
In addition to updating the vehicles speed, acceleration, and position, the vehicle’s status is updated to 
be a lead, a follower, or an independent vehicle.  A follower vehicle is independent if it is outside of the 
car-following influence zone of the lead vehicle as determined by the following relationship (Halati et al., 
1997): 

48/2 ++≥ ff vvh  (4-3) 

or 

42 ++> fL vvh  and Lf vv >  (4-4p 

Where: 

h = Separation distance, as measured from the front bumper of follower to rear bumper of lead 
vehicle. 
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Assuming no impedance from other vehicles or traffic control devices, independent and lead vehicles 
will accelerate to the desired free-flow speed.  A lead vehicle, within the influence zone of a stop sign or 
signal will decelerate in anticipation of stopping at the stop bar (Halati et al., 1997).  If the signal is red, 
a deceleration rate of 1 ft/s/s is applied until the vehicle has dropped 10%, of its speed, after which a 
deceleration rate of 7 ft/s/s is applied until the vehicle comes to a stop at the stop line (Wong, 1990). 

If the signal turns yellow, and the vehicle’s distance to the stop line is less than the safe-stopping 
distance, the vehicle will proceed through the intersection (Wong, 1990). 

When the signal turns from red to green, the first vehicle in the queue will incur a start-up lost time equal 
to the mean discharge headway as specified by the user. The vehicle then accelerates until it reaches 
free-flow speed.  The second vehicle begins to accelerate a time equal to the mean headway plus 0.5 
seconds after the lead vehicle.  The third vehicle begins to accelerate at a time equal to the mean 
headway plus 0.2 seconds after the second vehicle.  Subsequent vehicles incur a delay equal to the 
mean headway (Wong, 1990). 

Because NETSIM vehicles are processed on a link-by link basis, the case may arise when a vehicle 
exiting the upstream link may be unable to avoid a collision with a vehicle on the downstream link.  If a 
collision is deemed unavoidable, the follower vehicle will be given a deceleration of –15 ft/s/s, and will 
be stopped at the rear-bumper of the lead vehicle.  A collision is deemed unavoidable if (Halati et al., 
1990): 

2
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vh −<  (4-5) 

When a collision is avoidable, the following vehicle will car-follow the lead vehicle, subject to the 
following conditions (Halati et al., 1997; Aycin and Benekohal, 1999). 
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The distance to stop the leader is: 
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The distance to stop the follower is: 
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Because the time-step is fixed at one-second, the equations of motion become: 

f
i
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Combining equation 9 and 10, and neglecting the term af
2, results in equation 4-11. 
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Again, the basic equations of motion are applied. 
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and; 
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Inserting equations 4-8 through 4-14 into equation 4-7, results in equation 4-15: 
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Therefore, the maximum acceleration of the follower vehicle is obtained: 
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Where: 

2

1

2

1 )]1([2 i
f

fLi
ff V

d

dV
cVsdF −++−=  (4-17) 
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and the acceleration of the follower vehicle is obtained as: 

2

1

F
F

a f =  (4-19) 

4.2.2 INTEGRATION Transient Car-Following Behavior 

The steady-state INTEGRATION car-following model was discussed in chapter 3.  The relationship 
between macroscopic and microscopic traffic flow attributes ensures that vehicles will travel at 
appropriate steady-state speeds upstream, within and downstream of bottlenecks that may or may not 
involve queues. The relationship does not, however, address how vehicles transition from one steady-
state to another. In other words, while this relationship ensures that vehicles travel at the correct speed 
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prior and subsequent to joining a queue, it does not describe the speed transitions of individual vehicles 
at the interface of different traffic densities, as will be discussed next. 

INTEGRATION provides separate deceleration and acceleration logic. The deceleration logic 
recognizes speed differentials between the vehicle that is making desired speed decisions, and the 
vehicle ahead of it. It is simplest to first describe how this logic applies to a vehicle approaching a 
stationary object. In this case, a vehicle will first estimate the excess headway between itself and the 
vehicle ahead of it. This excess headway is defined as the residual that remains when the currently 
available headway is reduced by the minimum headway. Based on this residual headway, the vehicle will 
next compute the time it has to comfortably decelerate from its current speed to the speed of the 
object/vehicle in front of it. This time is, for constant deceleration rates, equal to the residual headway 
divided by the average speed of the leading vehicle and the following vehicle. Subsequently, the 
following vehicle computes the required deceleration rate as the speed differential divided by the 
deceleration time. These calculations are best illustrated using a simple example, as is provided next. 

Consider a vehicle at a position of 30 meters approaching a stationary object at location 100 meters. 
Consider further that the jam density headway is 10 meters, and that the approaching vehicle is 
presently traveling at 20 meters per second. Given a difference in relative positions of 70 meters, and a 
jam density headway of 10 meters, the following vehicle has a stopping distance of 60 meters. Given a 
current speed of 20 m/s and a final speed of 0 m/s, the vehicle should be covering the 60 meters at an 
average speed of 10 m/s assuming a linear decay in speed. This distance would require 6 seconds to 
travel at the average speed of 10 m/s, which given the initial speed of 20 m/s, would involve a constant 
deceleration rate of –3.33 m/s2 ((0-20)/6). 

The above calculations ensure that a following vehicle will select a constant deceleration rate that allows 
it to just come to a stop at a jam density headway behind the lead vehicle. If the leading vehicle were 
actually moving, the following vehicle would attempt to decelerate at a constant rate in such a manner as 
to attain the speed of the leading vehicle when it reached the location that is a single jam density 
headway behind its current location. Of course, by the time the following vehicle would reach this 
location, the lead vehicle would already have moved ahead on the highway, resulting in an asymptotic 
deceleration of the follower vehicle to the lead vehicle’s speed, rather than a constant deceleration. 
Similarly, if the lead vehicle were accelerating, the follower vehicle would only continue to decelerate 
until it was traveling at the same speed as the lead vehicle. From that point onwards, the follower vehicle 
would likely begin to accelerate again, as the increasing gap to the lead vehicle would cause the follower 
vehicle to perceive increasing desired speeds. 

While deceleration is governed primarily by kinematics, the acceleration rate of vehicles is governed by 
a vehicle dynamics model, which estimates the vehicle’s maximum acceleration based on the resultant 
force, as indicated in Equation 4-20 (Rakha et al., 2001). 

M
RF

a
−

=  [4-20] 

Where:  
F = Tractive effort (N), 
R = Total resistance force, which is the sum of the aerodynamic, rolling, and grade 

resistance forces (N), and 
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M = Vehicle mass (kg). 
a = The maximum vehicle acceleration (m/s2) 

 

The vehicle dynamics model estimates the vehicle tractive effort using Equation 4-21 with a maximum 
value based on Equation 4-22, as demonstrated in Equation 4-24.  Equation 4-22 accounts for the 
friction between the tires of the vehicle’s tractive axle and the roadway surface.  The use of Equation 4-
23 ensures that the tractive effort does not approach infinity at low vehicle speeds. 

v
P

Ft η3600=  [4-21] 

µtaMF 8066.9max =  [4-22] 

),(min maxFFF t=  [4-23] 

Where: 
Ft = Tractive effort (N); 
P = Engine power (kW); 
v = Truck speed (km/h) 
η = Transmission efficiency 
Fmax = Maximum tractive force 
Mta = Vehicle mass on tractive axle (kg) 
µ = Coefficient of friction between tires and pavement, and 
F = Tractive effort effectively acting on truck (N) 

 

The vehicle dynamics model considers three major types of resistance forces, including aerodynamic, 
rolling, and grade resistance.  The total resistance force is computed as the sum of the three resistance 
components, as summarized in Equation 4-24. 

gra RRRR ++=  [4-24] 

Where: 
R = Total resistance force (N), 
Ra = Air drag or aerodynamic resistance (N), 
Rr = Rolling resistance (N), and 
Rg = Grade resistance (N). 

 

The aerodynamic resistance, or air drag, is a function of the vehicle frontal area, the altitude, the truck 
drag coefficient, and the square of speed of the truck, as indicated in Equations 4-25 and 4-26.  The 
constant c1 accounts for the air density at sea level at a temperature of 15oC (59ºF).  Equation 4-26 is a 
linear approximation that was found to provide similar results to the more complex formulation for 
altitudes in the range of 0 to 5000 m (0 – 16400 ft). 

The rolling resistance is a linear function of the vehicle speed and mass, as indicated in Equation 4-27.  
The grade resistance is a constant that varies as a function of the vehicle’s total mass and the percent 
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grade that the vehicle travels along, as indicated in Equation 4-28.  The grade resistance accounts for 
the proportion of the vehicle weight that resists the movement of the vehicle. 

2
1 AvCCcR hda =  [4-25] 

HCh
5105.81 −×−=  [4-26] 

1000
)(8066.9 32

M
cvcCR rr +=  [4-27] 

iMR g 8066.9=  [4-28] 

Where: 
A = Vehicle frontal area (m2), 
V = Vehicle speed (km/h), 
Cd = Vehicle drag coefficient, 
Ch = Altitude coefficient, 
c1 = Constant (0.047285), and 
H = Altitude (m) 
M = Vehicle mass (kg), 
Cr = Rolling coefficient, and 
c2, c3 = Rolling resistance coefficients. 
i = Percent grade (m/100 m) 

4.3 MODEL INPUT REQUIREMENTS AND OUTPUT REPORTS  

The following sections describe the basic input requirements of the NETSIM and INTEGRATION 
models.   

4.3.1 NETSIM Input Requirements 

The following record types were utilized in the simulated network. 

1. Record Type 01 – Run Identification.  This record type allows the user to input information such 
as the coder's name, date, and company/agency information.  In addition, a run identification 
number can be input to identify the run simulated. 

2. Record Type 2 – Run Control.  Record type 2 provides data on whether one or more models 
are to be run (NETSIM and/or FRESIM), whether traffic assignment is to be performed, the 
maximum initialization period to be used, and whether fuel consumption and emissions rate data 
should be output. 

3. Record Type 3 – Time Period Expression.  Record type 3 is used to specify the number of time 
periods in the simulation, as well as the duration of each time period.  If all the input data 
remains constant throughout the simulation, only one time period should be specified.  If 
conditions change (traffic volumes, turn percentages, etc.) over time (demand build-up and 
decay), on the network, CORSIM allows the user to partition the simulation into a series of up 
to 19 different time periods.  Each time period contains information pertaining to that time 
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period that remains constant.  During each time period, the user need specify only the 
information that has changed from the previous time period. 

4. Record Type 4 – Time Intervals and Time Steps per Time Period.  Each time period is 
subdivided into time intervals.  Because cumulative statistics are only available at the end of each 
time interval basis, this option allows the user to alter the length of the time interval.  The default 
time interval is 60 seconds. 

5. Record Type 5 – Reports and Graphics.  Through record type 05, the user can specify the 
frequency of which output statistics are reported.  If the user only requires output statistics to be 
generated at the end of each time period, this RT should be left blank.  

6. Record Type 11 – Surface Street Link Description.  Through this record type, the 
characteristics and geometry of the link are specified.  Input information includes the length of 
the link and turn-pockets, number of lanes, grade, queue discharge and start-up lost time, 
pedestrian intensity, and channelization and free-flow speed.   

7. Record Type 21 – Surface Street Turn Movements.  Record type 21 specifies the surface 
street turn movements.  Record Type 21 is required for all intersections unless traffic assignment 
is used to generate turn movement data.  Information input in this record type includes turn 
percentages, and turning movement prohibitions. 

8. Record Type 35 – Sign or Pre-timed Signal Control Timing.  Record type 35, used in 
conjunction with record type 36, identifies the approaches to an intersection as well as the signal 
intervals for that intersection.  Blanks in certain entries imply that the corresponding signal 
interval is not utilized.   

9. Record Type 36 – Sign or Pre-timed Signal Control Codes.  Record type 36 specifies the 
control code for each intersection approach, for each interval number. 

10. Record Type 50 or Record Type 53 – Entry Link Volumes.  Record type 50 describes the 
volume entering NETSIM in veh/h at the entry nodes.  Entry volumes are normally required for 
all networks except when the traffic assignment option is activated. 

11. Record Type 147 – Free Flow Speed Percentages.  Record type 147 allows the user to alter 
the default array of free flow speed percentages.  As each vehicle enters a link, it is assigned a 
free-flow speed. This assignment is obtained by multiplying the specified mean free-flow speed 
for that link by the percentage found in the default decile distribution, which is indexed by the 
driver characteristic code. 

h. Record Type 149 – Start-up Lost Time Percentages.  Lost time (in tenths of a second) is computed 
by referencing a decile distribution defined by the "type," I, of the link as specified on Record Type 
11. The vehicle's driver characteristic is used as an index for referencing the proper element in the 
default distribution. The LSTME array contains four such distributions, one for each of four link 
"types." Elements of the LSTME array contain percentage values applied to the specified mean lost 
time.  Using record type 149, the default start-up lost time percentages may be altered by the user. 

12. Record Type 170 – Sub network Delimiter.  Record type 170 is required to mark the end of 
the input stream for each sub-network for every time period. 
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13. Record Type 210 – Time Period Delimiter.  Record type 210 is required to mark the end of the 
input specifications for a time period and to identify the first section of the input stream for the 
next time period (if any).  Record type 210 can also be used to suppress certain preprocessor 
outputs. 

4.3.2 NETSIM Output Reports 

The NETSIM output report consists of four main sections: input data echo, initialization results, 
intermediate results, and the end of time period results.  The NETSIM end of time period results 
provides both cumulative and time-period specific statistics.  The following is an overview of the link-
specific and network-wide statistics provided by NETSIM. 

1. Link Vehicle Miles – Completed vehicle trips multiplied by the link length.  The link is defined to 
begin at the stop line, and thus includes the distance across the intersection at the beginning of 
the link.  Adjustments are made for trips beginning or ending at a source/sink node, which is 
located at the middle of a link.  If initialization is performed before simulation, the output vehicle 
miles and trip statistics will indicate that more vehicles have traversed the network than specified 
by the user.  This is because the output statistics include those vehicles on the network at the 
end of the initialization period.  For example, if a demand of 270 vehicles is specified to depart 
the origin node, one may freeze the animation after the initialization period terminates, but before 
simulation begins, and see that 67 vehicles are present on the network.  Suppose 26 of these 
are on link 1, 24 on link 2, and 17 on link 3.  When the vehicles traverse each 1-km link (0.621 
miles), the total number of vehicle miles on link 1 will be (270 + 26)(0.6213 miles) = 183.9 
vehicle miles.  Note that the statistics make no distinction between partial completions of the 
link.  The vehicles that have traversed half of the link at the beginning of simulation count as a full 
vehicle trip on that link. 

2. Link Vehicle Trips –Number of vehicles discharged since the beginning of the simulation, 
including those present on the network after termination of the initialization period, and before 
simulation.  If more than one time-period is specified, this number will reflect all simulated time-
periods. 

3. Move Time (vehicle-minutes) – Move time is computed as the link length divided by the free-
flow speed. 

4. Delay Time (vehicle-minutes) – The difference between actual travel time and the move time, or 
ideal travel time.  For example, if the free-flow speed is specified as 30 mi/h, it should take 2 
minutes to traverse a 1-mile link.  The 2-minute travel time is the move time.  CORSIM vehicle 
delay is only computed for those vehicles that traverse the entire link during simulation (but not 
initialization).  This is why delay is often underestimated for over-saturated conditions.  The 
unserved vehicles, for which delay would be extremely high, are not taken into account in the 
delay estimates provided in the report. 

5. Total Time (vehicle-minutes) – Total time on the link for all vehicles. 

6. Ratio Move/Total (percent) – Ratio of the move time divided by the total time. 
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7. Total Time (minutes/mile) – Actual travel time of vehicles, as calculated by dividing the total time 
by total vehicle miles. 

8. Delay Time (minutes/mile) – Delay time divided by the vehicle miles, representing the average 
delay time for a single vehicle. 

9. Total Time (seconds/vehicle) – Average travel time per vehicle as calculated by dividing the 
total time by total vehicle trips. 

10. Delay Time (seconds/vehicle) – Total delay per vehicle trip.  This represents the average delay 
per vehicle in seconds. 

11. Control Delay (seconds/vehicle) – Reporting of control delay is a recent addition to CORSIM 
version 5.0, and was not available in version 4.32.  Control delay is defined as any delay 
incurred because of intersection signal control, including acceleration and deceleration delay.  It 
should be pointed out that stopped delay only considers time lost while a vehicle is stopped in 
the queue waiting for a green signal or is waiting for the lead vehicle to move forward (Zhang et 
al., 2000). 

12. Queue Delay (seconds/vehicle) – Queue time is accumulated for each second when a vehicle 
has an acceleration of less than 2 ft/sec/sec, and a speed of less than 3 ft/sec. Queue time is 
accumulated every other second when a vehicle has an acceleration of less than 2 ft/sec2, and a 
speed between 3 ft/s and 9 ft/s. 

13. Stop Time (seconds/vehicle) – Stop time is accumulated for each second when a vehicle has a 
speed of less than or equal to 3 ft/sec.  Stop time does not consider the time lost while the 
vehicle is slowing down and approaching the stop bar or the end of the queue, nor does it 
consider the lost time while a vehicle is accelerating to its free-flow speed, known as approach 
delay. (Zhang et al., 2000). 

14. Stops (percentage) – Number of stops divided by the completed link trips.  The number of 
stops is defined as the number of vehicles who stopped at least once during the trip.  Even if a 
vehicle stopped more than once on the trip, it is still counted only once.  Because the number of 
stops is recorded only when a vehicle exits the link, this number is divided by the completed link 
trips. 

15. Volume (vehicles per hour) – Vehicle trips divided by the simulation time. 

16. Speed (mi/h) – Link vehicle miles divided by total time, and multiplied by 60. 

17. Queue Time (vehicle-minutes) – Queue delay times the vehicle trips and divided by 60. 

18. Stop Time (vehicle-minutes) – Stop time multiplied by the vehicle trips and then divided by 60. 

19. Average Occupancy (vehicles) – Every second, NETSIM stores the number of vehicles on 
each link.  At the end of the time period, the accumulated number of vehicle-seconds is divided 
by the number of seconds of simulation to give an average number of vehicles on the link. 

20. Storage (%) – Average occupancy multiplied by the adjusted vehicle length and divided by the 
lane lengths.  The adjusted vehicle length is derived from the weighted average of the auto, 
truck, and bus lengths based on their contribution to the link volumes.  The lane length includes 
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all full lanes and turning pockets.  The average vehicle length within NETSIM is not calculated 
precisely.  NETSIM doesn’t keep track of every vehicle on the link and find the average length 
of those vehicles.  What NETSIM does do is compute the average of the passenger car fleet 
and the average of the truck fleet, then it assumes that 10% of the traffic consists of trucks.  It 
also adjusts the result for any buses that were on the link.  By stepping through the calculations, 
it appears that NETSIM often uses 20 feet as the average vehicle length, even when no buses 
or trucks are present on the network. 

21. Phase Failure – The number of times that one or more vehicles who were in the queue when the 
signal turned green who failed to get through the intersection before the signal turned red. 

22. Average Queue by Lane (vehicles) – Average number of vehicles in the queue by lane.  

23. Maximum Queue by Lane (vehicles) – Maximum queue length by lane. 

24. Number of Lane Changes – Summation of the total number of lane changes on each link. 

4.3.3 INTEGRATION Input Requirements 

INTEGRATION requires the use of 5 required files containing fundamental and essential data.  In 
addition, 9 optional, advanced data files are available, providing additional modeling capabilities.  The 
files are input into INTEGRATION as ASCII characters in a free format using any standard editor, 
spreadsheet, or word processor (M. Van Aerde and Associates, 2000). 

The fundamental data files include: 

1. Master File – Master Control File.  The master control file provides general simulation parameters 
to the model and defines which input files are to be used.  It also indicates where these files are 
located, defines which output files are to be generated, and where they are to be stored. 

2. File 1: Node Characteristics.  The Node characteristic file specifies the X and Y coordinate of the 
zones and nodes in the network.  In addition, it also lists which nodes can only serve as intermediate 
points along a given vehicle’s trip path. 

3. File 2: Link Characteristics.  The link characteristics file defines the upstream and downstream node 
of each directional link in the network.  It also specifies the spatial characteristics of the link, as 
measured by its length and the associated number of lanes.  The traffic flow characteristics are 
described in terms of saturation flow rates, free-speed, speed-at-capacity, and jam density.  In 
addition, the presence of any traffic control devices is indicated in this file. 

4. File 3: Signal timing plans.  Traffic signals are specified in INTEGRATION using a two-step 
process.  First, the traffic signal number controlling each network link is identified within File 2.  
Second, each signal’s phasing scheme and interval duration is specified in File 3. 

5. File 4: Origin-Destination Traffic Demands.  Traffic demands are specified in INTEGRATION as a 
times series of aggregate origin-destination departure rates.  During the simulation, the requested 
times series of departures is decomposed into a time series of individual vehicle departures. 

6. File 5: Incidents or Lane Blockages.  Incidents are modeled as temporary reductions in capacity, 
where such capacity reductions are specified as the number of effective lanes that are lost. 
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4.3.4 INTEGRATION Output Reports 

INTEGRATION provides users with four types of simulation outputs.  These are: 

1. On-screen graphics and animation.  The user can view the simulated network as the simulation is 
being conducted.  Among other features, the user is able to zoom to a specific area, tag vehicles for 
tracking purposes, and alter the simulation speed. 

2. Simulation run time error.  The error run file serves three purposes.  First, it provides information 
about the network size constraints.  Second, the file provides a listing of any errors that are detected 
by the model during the course of initiating or running the model.  Third, the file provides a number 
of statistics related to the execution time of the model as a whole and some of its component 
subroutines. 

3. Unlabeled summary statistics.  The summary file contains several aggregate network level measures 
of effectiveness.  The first group of statistics within the summary file, labeled “Total Statistics,” 
provides totals by vehicle class (the first five columns after the identification number), as well as all 
vehicle classes combined (the last column of the table).  The second group of lines, labeled 
“Average statistics” provides average measures of performance based on the total statistics divided 
by the total number of vehicles 

4. Labeled output statistics.  This file provides data ideal for a simple inspection, but is not formatted 
for subsequent input into a spreadsheet.  The unlabeled output statistics file contains seven types of 
output as described below. 

a. Data input file echo: The echo indicates which file names have been specified in the master 
file for both the input and the output data files. 

b. Analysis of input data: provided for input data verification and diagnostics. 

c. Decomposing O-D’s: This section describes the number of vehicles that were generated for 
each O-D demand. 

d. Signal timing plan summary: Interspersed between the link-oriented statistics are listings of 
optimized signal timings for each signal in the network.  If signals are not optimized, no signal 
timing plans are output. 

e. System-oriented link statistics: This section reports the flows, average travel time, 
volume/capacity ratio, number of stops, and the number of vehicles that are currently on 
each link. 

f. Summary statistics of all trips: The next section contains summary tables that provide 
information concerning the number of vehicles that completed their journey (as specified by 
O-D pair), the average journey time per arrival, and the accumulation of the total times for 
all vehicles.  Also included in the table is a summary of vehicle demand on the network, the 
number of vehicles that entered and left the network, and the number of vehicles left on the 
network after the simulation is completed. 
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g. Incident Summary: The final entry of the standard output file is a summary of incidents that 
occurred on the network.  Included statistics are the location, start time, severity and 
duration of each incident. 

The following is an explanation of selected cumulative system-oriented link statistics, as reported in the 
labeled output file. 

1. Speed (km/h) – Link free-speed. 

2. Saturation flow (veh/h) – Specified saturation flow rate of the link. 

3. Link flow (veh/h) – Number of vehicles that exit the link within a specified period divided by the 
period duration. 

4. Green time (%) – Total time vehicle movement was protected over a time period divided by the 
period duration. 

5. V/C ratio (%) – Volume to capacity ratio within a time period. 

6. Total travel time (min) – Summation of travel times of all vehicles that traverse a link.  Only those 
vehicles that complete the link are considered. 

7. Free-speed travel time (min/veh) – This represents the ideal travel time, as calculated by the link 
length divided by the free-flow speed and multiplied by 60 to convert to minutes. 

8. Average travel time (min/veh) – Total travel time divided by the link flow. 

9. Average speed (km/h) – The link length divided by the average travel time. 

10. Average stops (%) – The percentage of average stops is the total number of vehicle stops divided 
by the total number of vehicles.  Note that multiple stops may be accumulated for each vehicle. 

11. Average trip time/veh (min/veh) – The total link travel times divided by the number of vehicles that 
complete their trip. 

12. Number of invisible vehicles (veh) - This is the number of vehicles that cannot enter the network due 
to congestion. 

13. Total network stops (# of stops) – This is the sum of instantaneous partial stops.  Partial stops are 
calculated using equation 4-29 (Rakha et al., 2001). 
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Where: 
iu    = Speed of vehicle at instant i 

1−iu  = Speed of vehicle at instant i - 1 

fu   = Desired free-speed of vehicle 

14. Average network stops (%) – Average network stops is the total vehicle stops divided by the total 
number of vehicles that complete their trip. 
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4.4 TEST NETWORK AND SCENARIO CONFIGURATIONS 

In order to compare the CORSIM and INTEGRATION software, a simple single-signalized 
intersection network was coded.  The simplicity of the network provided an opportunity to compare 
model output to analytical solutions.  Furthermore, the simple network provided an opportunity to 
identify causes of differences in model output.  First, the characteristics of the tested scenario are 
described.  This is followed by a description of the analytical solution to the problem.  Subsequently, the 
input data that were coded in CORSIM and INTEGRATION are described. 

4.4.1 Test Network Configuration 

The simple simulated urban arterial consists of a 2 km, single lane approach to a signalized intersection, 
as illustrated in Figure 4-1.  The 60-second cycle length consists of a 30 second green time for the 
east/west direction.  Following the signalized intersection, a 1-km, single-lane, exit link was coded.  The 
use of a single lane approach provided an opportunity to isolate differences caused by car-following 
behavior, as opposed to lane changing behavior. 

uf = 60 km/h
uc = 59.9 km/h
h j = 178 veh/km

1 3 4

1 km 1 km1 km

2

 
Figure 4-1: Test Network Configuration 

The test network had a free-speed of 60 km/h and a jam density of 178 veh/km.  In order to ensure 
that the incurred delay was a result of the intersection, the speed-at-capacity was set equal to the free 
speed, as demonstrated in Figure 4-2. 

4.4.2 Test Scenario Configuration 

A vehicle demand was loaded at time 13 minutes for a duration of 15 minutes, followed by a 15-minute 
period to clear the network of traveling vehicles, as seen in Figure 4-3.  At 60 km/h (specified free-flow 
speed), the vehicles traverse the 2-km approach lane to the intersection in 2-minutes.  Therefore, the 
first vehicle arrived at the intersection at time 15 minutes.  The signal cycle was offset by 30 seconds, so 
that vehicles arrived at the intersection just as the signal turned red. 
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uf = 60 km/h
hj = 178veh/km
uc = 59.9 km/h
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Figure 4-2: Speed-Flow Relationships of Test Network 
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Figure 4-3: Demand and Arrivals Rates for Test Network. 

Two deterministic scenarios were simulated.  The first set considered vehicles in under-saturated 
conditions (v/c = 0.8, 720 veh/h).  The second set considered vehicles in over-saturated conditions (v/c 
ratio of 1.2, demand of 1080 veh/h). 

4.5 MODEL EXECUTION 

The following sections contain a description of the specific inputs of each model.  Only those inputs that 
are significant in terms of being modified from the default values, or to the particular network 
configuration are noted.  The user is referred to the user guide of each model for a detailed description 
of all available model inputs. 
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4.5.1 CORSIM Input 

The following is a description of the entries by record type that were input into CORSIM, and 
NETSIM in particular. 

Record Type 02 - Run Control: 

a. Entry 3 - (Columns 17-20):  This value specifies the maximum time of the initialization 
period in minutes.  At the start of a simulation, a roadway network does not have any 
vehicles.  The “initialization period”, or “fill time” is used to load vehicles onto the empty 
network before the simulation begins.  If the value on record type 2, Entry 3 is specified as 
a positive value, the simulation will commence whether or not the initialization period 
equilibrium is attained.  In order to ensure consistency between CORSIM, 
INTEGRATION, and the analytical solution, no initialization period was considered in the 
study.  

b. Entry 4 - (Columns 22-29): Eight digit random number seed.  The default value of 7981 
was used in the uniform arrival analysis.  This random number seed was varied for the 
stochastic analysis. 

c. Entry 7 - (Column 37): Vehicle entry headways.  For the deterministic analysis, a value of 
0 (which generates uniform departures) was entered.  In the stochastic analysis, the vehicle 
entry headway was set to follow a negative exponential distribution, as specified by a 2 in 
this column. 

d. Entry 8  - (Column 38): Value of (a) describing Erlang distribution.  For the uniform 
analysis, this entry was left blank.  For the stochastic analysis, a value of 1 (negative 
exponential distribution) was used. 

e. Entry 17 and 18 – (Columns 61-76):  Eight digit random seed.  The default values of 7781 
and 7581 were held constant throughout both analyses. 

1. Record Type 3 - Time Period Specification: 

a. Entry 1-3 (Columns 1-4): The duration of the first time period was set to 780 seconds (13 
minutes). 

b. Entry 2-3 (Columns 5-12): The second and third periods were set to 900 seconds (15 
minutes) each. 

2. Record Type 11 - NETSIM Link Description: 

a. Entry 10 (Column 29):  This entry identifies the choice of statistical distribution used for the 
queue discharge characteristics of the link, as well as the distribution of the start-up lost 
time.  The queue discharge and start-up lost time was specified to correspond to link type 
code 1, which was modified to follow a uniform decile distribution in record type 149. 

b. Entry 23 (Column 57-60): The mean value of the start-up lost time was specified to be 2 
seconds, and follows a uniform distribution specified in record type 149. 



Crowther  Chapter 4 

59 

c. Entry 24 (Column 61-64): The mean queue discharge headway was specified to be 2 
seconds. 

d. Entry 25 (Column 65-68): The desired free-flow speed was specified as 37 mi/h (59.5 
km/h), in order to correspond with the desired free flow speed of 60 km/h.  CORSIM does 
not permit the entry of decimals for free-flow speed. 

3. Record Type 35 - Sign or Pre-timed Signal Control Timing: 

a. Entry 2 (Columns 5-8):  The reference offset to signal interval 1 was specified to be 30 
seconds.  This causes the first vehicle to arrive at the intersection just as the signal turns red. 

b. Entry 8 - 10 (Columns 30-32, 34-36, 38-40):  The length of signal intervals were specified 
as 30 seconds green, 4 seconds amber, and 26 seconds red for interval 3.  This results in a 
50% green time allocation for the intersection approach. 

4. Record Type 50 - Traffic Volumes on Source/Sink Links: 

a. Entry 3 (Columns 9-12): The flow rate in vehicles per hour was specified as 720 veh/h, (v/c 
= 0.8) for the uniform, under-saturated analysis. 

b. Entry 3 (Columns 9-12): The over-saturated analysis had a demand of 1080 veh/h (v/c = 
1.2).  In the stochastic analysis, the volume was incrementally increased from a v/c ratio of 
0.5 to 1.5, as will be described later. 

5. Record Type 147 – Free-Flow Speed Percentages: 

a. Entry 1-10 (Columns 1-40): As each vehicle enters a link, it is assigned a free-flow speed.  
This assignment is obtained by multiplying the specified mean free-flow speed for that link 
by a percentage.  This percentage is obtained from referencing a decile distribution, in which 
index “i” is the driver characteristic code, as assigned when the vehicle enters the network.  
The default distribution is stored in the UFPCT array with embedded values that range from 
75% to 127% of the mean free-flow speed (US DOT, 1999).  The default decile 
distribution was modified to be deterministic using record type 147, so that each vehicle 
was multiplied by 100% of the specified mean free-flow speed, thus eliminating any 
variability in vehicle free-flow speeds. 

6. Record Type 149 - Link Type Distributions (Queue Discharge Headways and Start-up Lost 
Time): 

a. Entry 1 (Column 4): The first vehicle in queue when the signal turns to green experiences 
(start-up) lost time.  Lost time (in tenths of a second) is computed by referencing a decile 
distribution (LSTME array).  The vehicle’s driver characteristic is used as an index for 
referencing the proper element in the distribution.  Elements of the LSTME array contain 
percentage values applied to the specified mean lost time.  Using Record Type 149, the 
array was modified to produce a deterministic vehicle start-up lost time equal to the mean 
value, as specified on record type 11. 

b. Entry 1 (Column 4): Similarly, as each queued vehicle moves up to the stop line, it is 
assigned a delay until discharge (in tenths of a second), reflecting queue discharge 
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headways.  This headway is obtained by multiplying the mean queue headway specified for 
the link by a percentage.  This percentage is extracted from a decile distribution that can be 
modified using record type 149.  The vehicle’s driver characteristic is used as an index for 
referencing the proper element in the distribution.  Record type 149 was used to modify the 
default array to be constant, so that each vehicle incurs equal queue discharge headway. 

4.5.2 INTEGRATION Input 

The following is a description of the entries by file type that were input into INTEGRATION. 

1. Master Control File  

a. Line 1, entry 1: The total simulation time was specified as 2580 seconds. 

b. Line 1, entry 2: Output statistics were requested every 900 seconds (15 minutes). 

2. File 2 –Link Characteristics File: 

a. Line 1, entry 1: The network consists of three links.  While two links would be sufficient to 
simulate the network with the traffic signal, three links are used to be consistent with the 
NETSIM model, which limits each link length to 5000 ft.  Since the approach lane is 2 km 
long (approximately 6,250 feet), two links are necessary in the NETSIM model. 

b. Line 3+, entry 5: The desired free speed of the network, input as 60 km/hr. 

c. Line 3+, entry 6: The basic saturation flow rate was input to be 1800 veh/h, which 
corresponds to a discharge headway of 2 seconds which is consistent with what was coded 
into NETSIM. 

d. Line 3+, entry 9: Because the NETSIM car-following behavior assumes that vehicles are 
insensitive to traffic density in the uncongested regime, the speed-at-capacity was set at 
59.5 km/h; which is slightly less than the free speed (60 km/h). 

e. Line 3+, entry 10: A jam density of 178 veh/km was input to ensure consistency between 
the models. 

f. Line 4, entry’s 16 and 17: Link 2 was coded to be controlled by traffic signal 1 

3. File 3 – Signal Timing Plans: 

a. Line 4, entry 5: As in NETSIM, the traffic signal was coded with an offset of 30 seconds. 

b. Line 4, entry 6: The cycle consists of two phases. 

c. Line 4, entry 7 and 8: As was the case with NETSIM, a signal timing plan with a cycle 
length of 60 seconds and a green phase of 50% was coded, as demonstrated earlier.  The 
effective green time of phase 1 was set to 30 seconds, with a 4 second lost time.  Phase 2 
was coded with a 22 second effective green time and 4 second lost time. 

4. File 4 – Origin-Destination Traffic Demands: 

a. Line 3, entry 4: For under-saturated conditions, a demand of 720 veh/h was specified. 
Kang (2000) demonstrated that a delay incurred at a signalized approach could vary by up 
to 10% depending on the time of arrival of the first vehicle during the cycle length.  
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Consequently, because of differences in modeling vehicle departure headways, adjustments 
were made to ensure that all vehicles were generated at identical departure times.  
Specifically, because the INTEGRATION model generates the first vehicle at the mid-
headway point (after 2.5 seconds in the case of a demand of 720 veh/h) while CORSIM 
generates the first vehicle at the conclusion of the headway 9after 5 seconds). 

b. Line 3, entry 5: The fraction of vehicle headway that is random.  In the deterministic 
simulation runs, the fraction of headway that is random is zero, whereas in the stochastic 
runs, this was input as 100%. 

4.6 MODEL COMPARISONS 

The models were executed in under-saturated and over-saturated deterministic conditions (uniform 
arrivals).  Subsequently, the models were executed in stochastic conditions (random arrivals) for v/c 
ratios ranging from 0.5 to 1.5. 

4.6.1 Model Comparison for Under-saturated, Uniform Arrivals 

The simulation was executed in under-saturated conditions where all stochastic elements were removed.  
The analytical solution is presented, followed by the simulation results. 

4.6.1.1 Analytical Solution 

Before comparing the model results, the delay of the signalized approach is calculated analytically in 
order to establish a base case for comparison purposes.  The macroscopic analytical solution for delay 
is first presented.  This is followed by a microscopic analytical solution, from which the percent of stops 
can be calculated. 

4.6.1.1.1 Macroscopic Analytical Solution 

As May (1990) explains, a signalized intersection with uniform arrivals can be represented as a 
deterministic queuing system.  The arrival rate at the intersection (q) is constant during the study period.  
The service rate (Q) has two states: zero when the signal is effectively red and up to saturation flow 
when the signal is effectively green.  When a queue is present, the service rate is equal to the saturation 
flow.  When no queue is present, the service rate is equal to the arrival rate when the signal is green. 

If a link is under-saturated, with the arrival rate, q, less than the service rate, Q, the queue that forms 
during the red interval will be completely dissipated each cycle.  The problem can be solved analytically, 
as illustrated in Figure 4-4. 
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Figure 4-4: Diagram of Analytical Solution for Under-Saturated Conditions. 

The number of vehicles that will queue per cycle can be calculated as: 
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The time required to dissipate the queue is calculated using equation 4-: 
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The average individual delay can be calculated as the area of he triangle divided by the arrivals per 
cycle. 
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The Highway Capacity Manual (Transportation Research Board, 1998) provides an equation based on 
the first term of Webster’s delay formulation.  The equation assumes perfectly uniform arrivals for 
under-saturated flow. 
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Where: 
C = cycle length, (s) 
g = effective green time for lane group, (s) 
X = v/c ratio or degree of saturation for lane group. 

For the given, under-saturated intersection (C = 60 seconds, g = 30 seconds, X = 720/900 = 0.8) with 
uniform arrivals, the average delay per vehicle is calculated using as: 
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Additionally, the uninterrupted travel time for a vehicle that did not stop at the traffic signal would be: 
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The average theoretical total travel time for vehicles on the network is the sum of the uninterrupted travel 
time and the delay incurred due to the traffic signal. 
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4.6.1.1.2 Microscopic Analytical Solution 

The microscopic analytical solution for under-saturated conditions is shown in Table 4-1.  The solution 
allows for the calculation of delay, percent stops, and total travel time.  In the solution, an arrival 
headway of 5 seconds is assumed.  Consistent with the test network configuration, the cycle length is 60 
seconds, and has 30 seconds of green time followed by 30 seconds of red time.  The first vehicle 
arrives at a time of 5 seconds, and waits for the duration of the red interval.  The vehicle departs 2 
seconds after the signal turns red.  The delay is thus calculated as 27 seconds, and the vehicle was 
stopped once.  The procedure is repeated for the remaining 11 vehicles. 

The total travel time will be equal to the sum of the delay and the uninterrupted travel time.  The average 
delay per vehicles is calculated as 11.25 seconds.  Thus, for the microscopic solution, the average travel 
time per vehicle is 191.25 seconds. 

Table 4-1: Microscopic Analytical Solution for Under-Saturated Conditions. 

Vehicle 
Arrival Time 

(sec) 
Signal 

Indication 
Departure 
Time (sec) Delay (sec) Stops 

1 5 1 32 27 1 
2 10 1 34 24 1 
3 15 1 36 21 1 
4 20 1 38 18 1 
5 25 1 40 15 1 
6 30 1 42 12 1 
7 35 0 44 9 1 
8 40 0 46 6 1 
9 45 0 48 3 1 
10 50 0 50 0 0 
11 55 0 55 0 0 
12 60 0 60 0 0 

Total Stop Delay (sec) 135 9 
Stop Delay/Veh  (sec) 11.25 75%  
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4.6.1.2 Simulation Results 

The simulation was executed in under-saturated conditions where all stochastic elements were removed.  
Table 4-2 shows a side-by-side comparison of total travel time, total delay, stopped delay, and average 
speed estimated by each model.  For comparison purposes, the analytical estimates of delay and travel 
time are also included. 

Table 4-2: Cumulative Output Statistics for Under-Saturated Conditions. 

  INTEGRATION CORSIM version. 
4.32 

CORSIM version.  
5.0 

Analytical Solution 
Microscopic / 
Macroscopic 

Total Travel Time/Veh. (sec)   192.6 193.8 194.4 191.25 / 192.5 
Total Delay/Vehicle (sec) 12.8 11.4 12 11.25 / 12.5 

Stopped Delay/Vehicle (sec) 5.4 6 6 - 

Control Delay/Veh (sec) - - 9 - 

Average network speed (km/h) 56.1 55.7 55.7 - 

Number of Stops / Percent Stops 127.01 48.9(%)  48.9(%) 75 % 

 

4.6.1.2.1 Vehicle Trajectories 

Figure 4-5 shows the speed and acceleration profiles for vehicles 1 and 4 in NETSIM and 
INTEGRATION. 

The acceleration profiles clearly demonstrate a smoother acceleration profile for vehicles simulated with 
the INTEGRATION model.  Specifically, the maximum deceleration rate approaches –3 m/s2 within the 
INTEGRATION model and –3.5 m/s2 within the NETSIM model.  The vehicle acceleration within the 
INTEGRATION model is constrained by the vehicle dynamics and thus does not exceed 3 m/s2, 
however vehicle accelerations with the NETSIM model exceed 6 m/s2 at some instances.  The 
acceleration profiles also demonstrates instability within the NETSIM model where the vehicle over 
accelerates as it leaves the traffic signal and then decelerates to recompensate this over-acceleration.  
These oscillations in the acceleration profile may result in significant vehicle emissions estimates. 

Another noteworthy observation is that the vehicles enter the NETSIM model at a speed that is higher 
than the free-speed and thus engage in a deceleration maneuver as soon as they enter the network.  It is 
not clear at this point why this occurs. 

The INTEGRATION speed profile for the first vehicle that arrives at the traffic signals demonstrates 
minor oscillations when the signal is red.  This behavior is caused by the fact that the vehicle is 
anticipating the traffic signal will turn green. 
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Figure 4-5: Speed and Acceleration Profiles for Vehicle 1 and 4 from INTEGRATION and NETSIM. 
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4.6.1.2.2 Vehicle Travel Time 

Table 4-2 shows that the two models predict similar results of total travel time, though NETSIM 
estimates are slightly higher (193.8 vs. 192.6 seconds).  When compared to the analytical solution, 
INTEGRATION estimates just one-tenth of a second difference, while NETSIM estimates 1.3 seconds 
difference. 

Recall that the free-speed in NETSIM was input as 59.54 km/h (37 mi/h) because NETSIM does not 
allow decimals.  Therefore, the uninterrupted travel time in the NETSIM network is 181.38 seconds.  
Nevertheless, the sum of the total delay per vehicle and the uninterrupted travel time should be equal to 
the total travel time.  However, notice that a discrepancy exists from CORSIM version 4.32 delay 
estimates, as the sum of the delay (11.4 seconds/vehicle) and the uninterrupted travel time (181.38) is 
equal to 192.78 seconds/vehicle, and not the returned value of 193.8 seconds/vehicle.  It appears that 
an error of approximately one-second has been introduced into the calculations.  The problem appears 
to have been corrected in CORSIM version 5.0 estimates. 

4.6.1.2.3 Average Vehicle Delay 

NETSIM output shows a slightly lower delay than INTEGRATION, returning a value of 11.4 seconds 
(version 4.32) and 12 0 seconds (version 5.0).  INTEGRATION returned a value of 12.8 seconds of 
delay.  The analytical solution that is presented estimates a delay of 11.25 seconds.  However, the delay 
estimates assume instantaneous vehicle accelerations and thus would typically under-estimate vehicle 
delay. 

4.6.1.2.4 Stopped Time 

CORSIM and INTEGRATION produce similar estimates of stopped delay.  CORSIM returns a value 
of 6.0 sec/vehicle, and INTEGRATION returns a value of 5.04 seconds per vehicle.  The higher 
stopped delay within the NETSIM model is caused by the more aggressive deceleration and 
acceleration behavior, when compared to INTEGRATION. 

4.6.1.2.5 Number of Vehicle Stops / Percent Stops 

Although the stopped delay estimates were similar between CORSIM and INTEGRATION, the 
vehicle stops was very different. 

The analytical formulation estimated 9 vehicles of the 12 arrivals per cycle to come to a complete stop, 
which corresponds to a percentage of stops of 75%.  Alternatively, INTEGRATION estimates a total 
number of stops of 127.01, which corresponds to a percentage stop of 70.56% (127.01/180) on the 
signalized approach.  The total network percent stops is computed to be 23.52%, which is estimated by 
dividing the total number of stops, 127.01 by the sum of all completed link trips (180 x 3 = 540 
vehicles). 

Specifically, the CORSIM model estimated 48.9% average stops, which is significantly different from 
the analytical solution.  Recall that the percent stops in CORSIM is defined as the number of stops 
divided by the completed link trips.  Following this definition, the total number of vehicles that stopped 
in CORSIM is 88 (0.489*180).  The percentage of network stops is 16.29% (88/540). 
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4.6.1.2.6 Vehicle Energy and Emissions 

The energy and emissions statistics were compared for the under-saturated conditions in each model. 

Table 4-3 shows that while the fuel consumption statistics from each model are reasonably close, the 
emissions statistics widely differ.  The largest difference is in HC and NO emissions. 

Table 4-3: Energy and Emissions Estimates from INTEGRATION and CORSIM for Under-Saturated Conditions. 

 INTEGRATION CORSIM % Difference 

Total emissions and fuel consumption estimates 
FUEL (l) 53 45 17.8% 
HC (g)  72 10 620.0% 
CO (g)  1036 805 28.7% 
NO (g)  114 67 70.1% 

Average emissions  
FUEL (l/veh) 0.297 0.249 19.3% 
HC (g/veh)  0.403 0.056 619.6% 
CO (g/veh)  5.76 4.47 28.9% 
NO (g/veh)  0.64 0.37 73.0% 

The tables of fuel consumption and emissions rates embedded in each model were compared.  Figure 
4-6 is a plot of the emissions rate tables for HC and CO for INTEGRATION and CORSIM index 
type 1 vehicles.  Also included in the plot is data obtained from Oak Ridge National Laboratories 
(West, 1997).  Figure 4-7 is a plot of the NO emissions and fuel consumption rate tables for each 
model. 

As can be seen in the figures, one of the causes for differences in emissions and energy estimates can be 
attributed to differences in the rate tables used by each model.  Specifically, Figure 4-6 shows that the 
HC emission rates at –1.5 m/s2 for CORSIM vehicle type 1 follow a step function pattern, with no 
emissions produced until approximately 50 km/h.  The HC rates are also lower at an acceleration rate 
of 1.5 m/s2, explaining why the HC emissions in NETSIM are lower than the INTEGRATION 
emissions.  In summary, differences in the emission models that are embedded in the software are a 
major cause of differences in emissions estimates. 

Differences in the energy and emissions estimates from each model can also be attributed to differences 
in the speed and acceleration profiles.  When the speed and acceleration profiles from NETSIM 
vehicles 1 through 12 were input into the INTEGRATION environmental model, considerable 
differences were again observed.  The results are show in Table 4-4.  Especially noticeable are the 
differences in CO and NO emissions.  The differences can be attributed to the hard decelerations and 
accelerations seen in the NETSIM acceleration profiles. 
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Table 4-4: Energy and Emissions Statistics when CORSIM Speed Profile is Input into INTEGRATION Energy and 
Emissions Model. 

 INTEGRATION CORSIM 

Total Emissions per Vehicle 
FUEL (l) 3.56 4.41 
HC (g)  4.75 4.78 
CO (g)  68.85 104.23 
NO (g)  7.64 45.25 

Average Emissions per Vehicle 

FUEL (l/veh) 0.30 0.37 
HC (g/veh))  0.40 0.40 
CO (g/veh)  5.74 8.69 
NO (g/veh)  0.64 3.77 
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Figure 4-6: INTEGRATION and CORSIM Embedded HC and CO Emissions Rate Tables for Vehicle Type 1. 
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Figure 4-7: INTEGRATION and CORSIM Embedded NO Emissions and Fuel Consumption Rate Tables for Vehicle 

Type 1. 

 

4.6.2 Model Comparison for Over-saturated, Uniform Arrivals 

In the over-saturated, non-stochastic simulation run, the demand volume was increased to 1080 veh/h.  
This is equivalent to a v/c ratio of 1.2. 

4.6.2.1 Analytical Solution 

In an over-saturated, non-stochastic environment, the queue that forms during the red interval will not be 
dissipated before the end of the cycle.  The rate at which vehicles will discharge from the intersection is 
limited by the saturation flow rate, creating a residual queue of un-served vehicles. 

In the analytical solution, the total vehicle delay is the sum of uniform and overflow delay.  Uniform delay 
is that portion of delay incurred by those vehicles that are served during each cycle.  The overflow delay 
is the delay incurred by the un-served vehicles following each cycle. 
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Figure 4-8: Analytical Solution of Delay in Over-Saturated Conditions. 

As seen in Figure 4-8, the study period included fifteen cycles of 60 seconds each.  Each cycle 
consisted of 30 seconds of green and 30 seconds of red.  A vehicle demand of 1080 vehicles was 
loaded for 900 seconds (15 minutes).  This was followed by a clear time, during which any remaining 
queues were dissipated. 

The uniform delay is calculated utilizing an arrival rate of 900 veh/h (0.25 veh/s), or the maximum arrival 
rate for which all queues will be dissipated.  The number of vehicles that will queue per cycle is 7.5 
vehicles per cycle. 
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Because the arrival rate and the departure rate are assumed to be equal, the uniform delay is calculated 
as  
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For a 60-second cycle length, an intersection with a capacity of 900 veh/h will allow 15 vehicles to pass 
per cycle.  An arrival rate of 1080 vehicles per hour will result in an accrual of 3 vehicles per cycle.  
After 15 cycles, the number of unserved vehicles will be 45.  This is seen as point A in Figure 4-4.  The 
time to clear the intersection is calculated as: 

s180

s
veh
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veh45
=  

Thus, the over-saturated delay is: 
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The total delay is a sum of the uniform and under-saturated delay. 
 

secondsvehicle675,27375,3300,24 −=+=TD  

The average delay per vehicle is then calculated as: 

vehicle
seconds

5.102
270

035,28
===

N
TD

AD  

The total travel time per vehicle is the sum of free-flow travel time (180 seconds) and the delay (102.5 
seconds), for a total of 282.5 seconds/vehicle. 

4.6.2.2 Simulation results 

Table 4-5 shows the cumulative output statistics estimated by INTEGRATION and NETSIM. 

Table 4-5: Cumulative INTEGRATION and NETSIM Output Statistics for Over-Saturated Conditions 

  INTEGRATION CORSIM ver. 4.32 CORSIM ver.  5.0 

Total Travel Time/Veh. (sec)   284.54 286.80 286.8 
Total Delay/Vehicle (sec) 104.72 104.4 105 

Stopped Delay/Vehicle (sec) 14.18 69.6 69.6 

Control Delay/Vehicle (sec) NA NA 98.4 

Average network speed (km/h) 37.96 37.65 37.65 

Number of Vehicle Stops/% Stops 403.38/49.76% 98.10 % 98.10 (%) 

Preliminary analysis of the NETSIM and INTEGRATION output showed very different results.  In 
contrast to the results of the under-saturated conditions, where the travel times were very similar, the 
travel time estimated by NETSIM in the over-saturated conditions was nearly 13% lower than that 
estimated by INTEGRATION. 

Upon observation of these results, an effort was made to determine the source of the differences in 
delay and travel time calculations.  It was determined that the differences in estimates were due to 
differences in the realized capacity of the intersection.  Specifically, inspection of the TRAFVU 
animation file showed that during each cycle, NETSIM permitted 16 vehicles to be passed through the 
intersection instead of the intended 15 vehicles per cycle, producing a higher-capacity intersection than 
intended, 960 veh/h instead of 900 veh/h.  As a result of the increased intersection capacity, fewer 
vehicles were left at the intersection unserved, thus incurring less delay.  To correct the discrepancy, the 
NETSIM green time was decreased by 2 seconds.  This change resulted in the achievement of the 
desired intersection capacity of 900 vehicles per hour in each model. 

4.6.2.2.1 Vehicle Trajectories 

Figure 4-9 shows vehicle trajectory profiles for Vehicles 31 and 200 from NETSIM and 
INTEGRATION in over-saturated conditions. 

Examination of the speed and acceleration profiles reveals that the hard deceleration and accelerations 
in the NETSIM profiles are again evident.  However, the general trend exhibited by the models is 
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similar, except that the speed profiles of vehicles in INTEGRATION appear to absorb shockwaves that 
are created upstream of the traffic signal. 

Time vs. Speed for Vehicle 31
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Figure 4-9: Speed and Acceleration Profiles from INTEGRATION and NETSIM for Vehicles 31 and 200 in Over-

Saturated Conditions. 

4.6.2.2.2 Vehicle Travel Time 

As seen in Table 4-5, NETSIM estimated the total vehicle travel time per vehicle to be just two 
seconds longer than that estimated by INTEGRATION.  NETSIM returned a value of 286.8 
seconds/vehicle of travel time, while INTEGRATION returned a value of 284.5 seconds/vehicle. 

4.6.2.2.3 Vehicle Delay 

The two models also returned very similar values for delay.  NETSIM returned 104.4 seconds/vehicle, 
while INTEGRATION returned 104.7 seconds/vehicle.  Both estimates are consistent with the results 
from the analytical solution. 

4.6.2.2.4 Stopped Time 

NETSIM and INTEGRATION returned very different values of stopped time, with INTEGRATION 
estimating 14 seconds and NETSIM 69 seconds.  There are two primary reasons for the differences in 
stopped time delay estimates between the models.  First, NETSIM is more lenient in what it accrues for 
stopped time delay than is INTEGRATION.  Specifically, stopped time in NETSIM is accumulated for 
each second that a vehicle has a speed less than or equal to 3.29 km/h (3 ft/s).  Stopped time in 
INTEGRATION is accumulated for each second that a vehicle has a speed less than or equal to 1 km/h 
(0.9 ft/s). 
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Second, the acceleration and deceleration characteristics of the vehicles contribute to more stopped 
time delay being accumulated in NETSIM than in INTEGRATION.  Notice in Figure 4-9 that 
NETSIM vehicle 200 tends to accelerate and decelerate rapidly, coming to a complete stop while in the 
queue.  In this case, vehicle 200 accumulates 113 seconds of stopped delay.  On the other hand, the 
INTEGRATION vehicle tends to slow and accelerate in a more gradual manner, without stopping 
completely.  The INTEGRATION vehicle accumulates just 30 seconds of stopped delay, explaining 
why stopped delay in NETSIM is higher than that in INTEGRATION. 

4.6.2.2.5 Number of Vehicle Stops / Percent Stops 

Consistent with the results of the under-saturated conditions, NETSIM and INTEGRATION return 
very different values of percentage of stops. 

NETSIM returned 98.1 % average stops.  Recall that the percentage of stops in NETSIM is defined as 
the number of stops divided by the completed link trips.  Thus, the total number of vehicles that stopped 
in NETSIM is 265.  Again, it is important to remember that each vehicle that stops, no matter how 
many times it stops, is recorded as having stopped just once.  

INTEGRATION returned a value of 403.08 network stops, and 49.76% average network stops.  This 
corresponds to 1.4 stops per vehicle.  Again, the values differ because of the way INTEGRATION and 
CORSIM define stops, and differ in the way they calculate the number of stops and the percentage of 
stops. 

4.6.2.2.6 Vehicle Energy and Emissions  

As expected, a comparison of the emissions and fuel consumption estimates for over-saturated 
conditions show significant differences between the two models, as they did in the under-saturated 
conditions comparison. Table 4-6 shows the estimates from both models. 

Table 4-6: Energy and Emissions Estimates for Over-Saturated Conditions. 

 INTEGRATION CORSIM 

Total Emissions per Vehicle 
FUEL (l) 94 88 
HC (g)  112 55 
CO (g)  1536 4525 
NO (g)  182 317 

Average Emissions per Vehicle 

FUEL (l/veh) 0.12 0.11 
HC (g/veh))  0.14 0.07 
CO (g/veh)  1.90 5.59 
NO (g/veh)  0.22 0.39 

4.7 ADDITIONAL FINDINGS 

The following sections describe additional findings observed in the comparison study. 
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4.7.1 Impact of NETSIM Initialization Period 

As previously stated, in order to accurately compare the two simulation models, it was necessary to 
adjust the initialization period within NETSIM. 

At the start of the simulation, there are no vehicles on the network.  The initialization period, or “fill time” 
is used to load vehicles onto the network before the simulation begins.  The demand loaded during this 
period is the same as that loaded during the first period of simulation.  INTEGRATION does not have 
an allocated "fill time." 

The initialization period was initially coded to be 15-minutes long, followed by a demand of 180 vehicles 
for a period of 15 minutes.  When the output statistics were reviewed, they reported that a total of 216 
vehicles had traversed the network instead of the intended 180 vehicles.  The additional 36 vehicles 
(216 - 180) were introduced onto the network during the initialization period, and therefore included in 
the travel time and vehicle miles calculations. 

Because the output statistics included those vehicles remaining on the network after the initialization 
period concluded, but before simulation began, it was necessary to eliminate the vehicle loading during 
initialization. 

This was accomplished by eliminating the vehicle demand from the first time period.  Because the 
initialization period loads the vehicle demand specified in the first time period, no vehicles were loaded 
onto the network.  The vehicle demand (720 veh/h) began at the start of the second time period, at a 
time of (900 seconds) 13 minutes, thus achieving consistency with INTEGRATION. 

4.7.2 Comparison of Acceleration Profiles of CORSIM v. 4.32 and CORSIM v. 5.0 

Midway through this research effort, the authors obtained the beta version of CORSIM 5.0.  In order 
to determine if the acceleration characteristics of the model had been improved from version 4.32, 
several acceleration profiles from version 5.0 were compared with acceleration profiles from version 
4.32. 

Figure 4-10 shows the acceleration profile for vehicle 42 and vehicle 55 from version 5.0 and version 
4.32.  As seen in Figure 4-10, the acceleration profiles are exactly the same, with the exception of the 
acceleration seen at approximately 1070 seconds.  At this time, the profile from 5.0 shows less of a 
spike than does the profile from version 4.32.  This indicates that some improvements have been made 
in version 5.0 from version 4.32, though the developers were unable to discuss changes until the official 
release of version 5.0. 
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Time vs. Acceleration proifiles of Vehicle 55 

-4

-3

-2

-1

0

1

2

3

4

5

6

1050 1070 1090 1110 1130 1150

Time (sec)

A
cc

el
er

at
io

n 
(m

/s
^2

) CORSIM 4.32

CORSIM 5.0

Time vs. Acceleration for Vehicle 42 

-4

-3

-2

-1

0

1

2

3

4

5

6

1020 1040 1060 1080 1100

Time (sec)

A
cc

el
er

at
io

n 
(m

/s
^2

) CORSIM 4.32

CORSIM 5.0

 
Figure 4-10: Acceleration Profiles from CORSIM version 4.32 and CORSIM version 5.0. 

4.7.3 Impact of Jam Density on Capacity 

NETSIM does not allow for the specification of jam density, though parameters such as the bumper-to-
bumper vehicle length can be modified.  The default value of the bumper-to-bumper length for a low 
performance passenger vehicle is 14 ft (4.27 m), and for a high performance passenger vehicle 16 ft 
(4.88 m).  NETSIM internally adds 3 ft. (0.91 m) to the vehicle length to obtain the “effective” length in 
a standing queue.  Thus, when the vehicles are stopped in NETSIM, the headway is 5.18 meters (17 
ft.) for a low-performance vehicle, or 5.79 meters (19 ft.) for a high-performance vehicle.  The default 
percentages of vehicle types in the traffic stream are 75% high performance vehicles, and 25% low 
performance vehicles, resulting in a composite headway of 5.64 meters.  A 5.64-meter headway is 
approximately equivalent to a jam density of 178 veh/km. 

It was observed that jam density not only directly affects queue lengths, but may also impact the 
intersection capacity.  Recall that it was observed that INTEGRATION passed just 14 vehicles per 
cycle through the intersection.  However, when the jam density in INTEGRATION was adjusted to be 
consistent with that of NETSIM, (178 veh/km) it was observed that INTEGRATION passed 15 
vehicles per cycle through the intersection.  When vehicles are more closely spaced (with smaller time 
headways), more vehicles are able to pass through the intersection during the allocated green time. 

To investigate this effect further, a scenario was run when the jam density in NETSIM was set to 100 
veh/km (by adjusting vehicle lengths to be 33 ft/vehicle).  It was then observed that the intersection 
capacity decreased from 15 vehicles per cycle to just 11 vehicles per cycle.  Because the longer 
vehicles required more headway, the number of vehicles that were able to pass through the intersection 
was reduced.  A larger jam density (i.e. the spatial extent of the queue is less), results in an increased 
intersection capacity.  The reduction in capacity results from the fact that the queue spatial extend is 
longer at a lower jam density and thus requiring vehicles to travel a fairly long distance to the intersection 
stop line.  Furthermore, the vehicle dynamic constraints impose a constraint on vehicle acceleration 
behavior. 
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4.8 MODEL COMPARISON FOR RANDOM ARRIVALS 

The final set of simulation runs were those of random arrivals approaching the intersection.  Six runs of 
demand levels ranging from 0.5 to 1.5 were performed. 

4.8.1 Analytical Solution 

The Highway Capacity Manual (Transportation Research Board, 1998) provides an equation to 
calculate the average control delay per vehicle for a given lane group. 

321 ddPFdd ++=  

Where: 

d1= uniform delay component assuming uniform arrivals, sec./veh. 
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C = cycle length, sec 
g = effective green time for lane group, sec 
X = v/c ratio or degree of saturation for lane group. 

d2  = incremental delay component to account for the effect of random and over-saturation queues, 
adjusted for the duration of the analysis period and the type of signal control; this delay component 
assumes that there is no residual demand for the lane group at the start of the analysis period, sec/veh 
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T = duration of analysis period, hours; 
k = incremental delay factor that is dependent on controller settings; 
I = upstream filter/metering adjustment factor; 
C = lane group capacity, veh/h; 
X = lane group v/c ratio, or degree of saturation. 

The residual demand delay, d3, accounts for the over-saturation queues that may have existed before 
the analysis period.  Because the simulation begins with a clear network, and no over-saturation queues 
exist, this term is neglected.  In addition, because this is an isolated intersection, the progression factor is 
1.  A k-value of 0.5 is used, as is done in the HCM for pre-timed signals.  For an isolated intersection, 
the upstream filtering/metering adjustment factor, I, is equal to 1. 

4.8.2 Simulation results 

Table 4-7 shows the simulation results from INTEGRATION, CORSIM version 4.32, and CORSIM 
version 5.0.  Also included in the table is the analytical solution for each v/c ratio, using the Highway 
Capacity Manual procedures.  Figure 4-11 is a plot of the delay estimates. 
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As seen in Table 4-7 and Figure 4-11, NETSIM consistently estimates less delay than does 
INTEGRATION.  The differences are especially notable as the v/c ratios approach 1 and continue 
through a v/c ratio of 1.5. 

Table 4-7:Delay Estimates for v/c Ratios Ranging from 0.5 to 1.5 with Random Arrivals. 

V/C 
RATIO HCM 1997 INTEGRATION CORSIM ver. 4.32 CORSIM ver. 5.0 

  

Control 
Delay per 

vehicle Total Delay 

%  
Difference 
from HCM 

1997 Total Delay 

%  
Difference 
from HCM 

1997 Total Delay 

%  
Difference 
from HCM 

1997 

Control 
Delay 

0.50 11.98 12.38 3.3% 11.66 -2.7% 12.9 7.7% 10.08 
0.60 13.666 13.22 -3.3% 12.43 -9.0% 13.08 -4.3% 10.2 
0.70 16.05 13.85 -13.7% 12.60 -21.5% 14.28 -11.1% 11.04 
0.80 19.89 17.28 -13.1% 12.51 -37.1% 14.94 -24.9% 11.58 
0.90 27.42 22.07 -19.5% 14.23 -48.1% 16.68 -39.2% 13.08 
1.00 45.00 39.42 -12.4% 15.86 -64.8% 17.52 -61.1% 13.74 
1.10 76.18 65.32 -14.3% 32.23 -57.7% 45.12 -40.8% 40.8 
1.20 115.72 109.87 -5.1% 99.86 -13.7% 100.5 -13.2% 94.32 
1.30 158.17 154.85 -2.1% 146.74 -7.2% 146.58 -7.3% 139.08 
1.40 201.75 199.74 -1.0% 194.74 -3.5% 191.4 -5.1% 182.28 
1.50 245.85 244.18 -0.7% 224.83 -8.5% 225.66 -8.2% 215.22 

 

4.8.2.1.1 Average Vehicle Delay 

As seen in Figure 4-11, at small v/c ratios (v/c less than 0.5), and large (v/c greater than or equal to 1.3) 
little variability exists between the delay values estimated by each model.  However, at mid-value v/c 
ratios, the delay estimates show significant differences between models. 

In INTEGRATION, the delay estimates increase substantially when transitioning from a v/c ratio of 0.9 
to that of 1.0.  The increase in delay estimates from NETSIM during this same interval is minor, but 
increased dramatically when the v/c ratio is increased to 1.1. 

Zhang et al. (2000) report that CORSIM version 5.0 has been modified to report control delay, so as 
to be consistent with the 1997 Highway Capacity Manual procedures. However, it appears from the 
multiple simulation runs that the delay estimates are significantly less than those values calculated using 
the Highway Capacity Manual procedures.  Interestingly, the results resemble a deterministic solution, 
randomness contributing minimally to the delay estimates. 
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Average Delay with Random Arrivals
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Figure 4-11: Sensitivity of Average Delay Estimates for Random Arrivals with v/c Ratios Ranging from 0.5 to 1.5. 

4.9 CONCLUSIONS 

A comparison of NETISM and INTEGRATION for the modeling of an isolated, signalized intersection 
was performed.  It was observed that in deterministic over-saturated and under-saturated conditions, 
the models are consistent in estimates of delay and travel time.  Alternatively, the models are inconsistent 
in estimates of vehicle stops, stopped delay, fuel consumption, and emissions. 

Specifically, it was observed that the NETSIM model underestimates the number of vehicle stops in 
comparison with the analytical formulation.  The estimates of vehicle stops in the INTEGRATION 
model are slightly lower than the analytical formulation because vehicles do not perform abrupt 
deceleration/acceleration maneuvers.   

It was also observed that the NETSIM vehicles speed and acceleration profiles are characterized by 
more abrupt accelerations than observed in INTEGRATION.  The abrupt accelerations and 
decelerations not only contributed to differences in estimates of stopped delay, but also significantly 
affected the emissions and energy estimate.  Differences in the embedded fuel consumption and 
emissions rate tables also contributed to differences in energy and emissions estimates. 

In under-saturated and over-saturated random arrivals, it was observed that the INTEGRATION 
model is consistent with the analytical solution over the full range of v/c ratios.  The NETSIM model 
was observed to under-estimate delays, in comparison with the analytical formulation.  The under-
estimation was particularly evident for v/c ratios ranging from 0.9 to 1.2. 

Finally, it was observed that minor differences exist between CORSIM version 4.32 and CORSIM 
version 5.0 in terms of estimates of the measures of effectiveness.  An additional finding, which merits 
further investigation, is the effect of jam density on approach capacity. 
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Chapter 5 - A COMPARISON OF FRESIM AND INTEGRATION TRANSIENT 

CAR-FOLLOWING BEHAVIOR 

5.1 INTRODUCTION 

This chapter compares the FRESIM and INTEGRATION car-following models as applied to non-
steady state conditions.  In addition, analytical solutions to the problem are derived in order to provide a 
reference for comparison.  The calibration of the car-following models is achieved through field data that 
was obtained from a freeway section along I-4 in Orlando, Florida. 

The objectives of this chapter are three-fold.  First, it demonstrates how the calibration of steady-state 
car-following behavior can be achieved using field data.  Second, it compares the INTEGRATION and 
FRESIM car-following logic for transient conditions.  Third, the chapter attempts to identify sources of 
differences in results. 

In order to confine differences in model results to differences in car-following behavior, the scenarios 
that were considered did not involve any lane-changing behavior. 

The significance of this research effort lies in the fact that it not only demonstrates the similarities and 
differences in the modeling assumptions of the INTEGRATION and FRESIM models, but also explains 
why differences in model results may occur. 

The chapter first provides a brief description of the FRESIM non-steady state car-following behavior of 
a lead and follower vehicle.  Because INTEGRATION utilizes the same logic on both arterial and 
freeway sections, the reader is referred to Chapter 4 for a description of the car-following logic, input 
requirements, outputs, and the measures of effectiveness for the INTEGRATION model.  Secondly, the 
test network and loaded traffic volumes are described.  The results of the FRESIM and 
INTEGRATION models are then compared for each test case scenario.  The source of differences in 
model results are identified and explained.  Finally, the conclusions of the paper are presented together 
with recommendations for further research. 

5.2 DESCRIPTION OF CAR-FOLLOWING BEHAVIOR 

This section describes the car-following logic incorporated in the FRESIM model.  This is followed by 
an explanation of the input requirements, model outputs, and measures of effectiveness. 

5.2.1 FRESIM Transient Car-following Behavior 

The FRESIM model utilizes the Pitt car-following logic developed by the University of Pittsburgh (Halati 
et al., 1996).  The principal assumption in the model is that the following vehicle desires to follow the 
leading vehicle at a desired separation distance.  In steady-state conditions, the car-following behavior is 
identical to the Pipes model.  In non-steady state conditions, the model incorporates the distance 
headway and speed differential between the lead and follower vehicle as two independent variables, as 
demonstrated in equation 5-8.  

( )2
3310 vubcucLh −+++=  [5-8] 

Where: 
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h = distance headway between front bumper of lead vehicle and front bumper of follower 
vehicle  

L = length of lead vehicle  
c3 = driver sensitivity factor  
b = calibration constant that equals 0.1 if the speed of the follower vehicle exceeds the speed of 

the lead vehicle, otherwise it is set to zero. 
u = speed of lead vehicle at time t 
v  = speed of follower vehicle at time t 

The lead vehicle is advanced to its new position at the end of each one-second time step, after which 
the follower vehicle position is updated.  The acceleration at which the follower will be brought to an 
updated position while maintaining headway, h, is calculated as shown below. 

By the basic equations of motion,  

ttatvtv ∆−+−= )1()1()(  [5-9] 

2)1(
2
1

)1()1( ttattvtxx FF ∆−+∆−+−=  [5-10] 

Where: 
a = acceleration value to be found 
∆t = time step (1 second) 
xF = distance the follower vehicle travels in time step 

And  

)()()( txtxth FL −=  [5-11] 

Where:  
XL = position of lead vehicle 
XF = position of follower vehicle 
 

The a∆t term in equation 5-9 is neglected, and equation 5-9 and equation 5-10 are substituted into 
equation 5-8 to obtain: 

=
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33 )()()1()1(10 tvtubcttatvcL −+∆−+−++  [5-12] 

Equation 9 is then solved for the acceleration value, a, to yield equation 5-13. 

tct
vubctcvLxx

a FL

∆+∆
−−∆+−−−−
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3

2

2
33

2
)()(10(2

 [5-13] 

The FRESIM model utilizes 10 driver types, which are characterized by driver sensitivity factors.  The 
sensitivity factors, of which the default values range from 0.6 to 1.5, define the distance headway in feet 
based on speed measurements in ft/s. 
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Driver sensitivity factors are difficult to calibrate because they cannot be measured using standard 
surveillance technologies (e.g. loop detectors).  However, as shown in Chapter 3, the driver sensitivity 
factor can be computed using equation 5-14. Equation 5-14 requires three parameters that can be 
obtained from standard loop detector data. These parameters include the roadway capacity (maximum 
flow rate), the spacing of vehicles at jam density, and the roadway free-speed. 
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3  [5-14] 

For a desired capacity (qc) of 1920 vehicles per hour, jam density (hj) of 100 veh/km, and free speed 
(uf) of 55 mi/h, the sensitivity factor is calculated as: 
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5.2.2 INTEGRATION Transient Car-following Behavior 

Because INTEGRATION input requirements and model output are identical in arterial and freeway 
environments, the reader is referred to Chapter 4 for a description of the transient-state car-following 
logic, model inputs, outputs, and measures of effectiveness. 

5.2.3 FRESIM Input Requirements 

Data is input into FRESIM via an 80-column text file.  At the end of each line of text is a record type 
number that identifies what type of data is contained in the line. 

Eleven record types are required in order to code a basic FRESIM network.  In addition to the 
required record types, dozens of optional record types are available that invoke additional features.  
The following record types are required in order for the simulation model to run (US DOT, 1999). 

i. RT 1 - Run Identification:  This record type allows the user to input information such as his name, 
date, and company/agency information.  In addition, a run identification number can be input to 
identify the run simulated. 

j. RT 2 - Run Control:  Record type 2 provides specifies if traffic assignment is/is not to be 
performed, the maximum length of the initialization period, if fuel consumption and emissions rate 
data tables should be output, and the random number seed.  This record also tells CORSIM which 
of the two models (NETSIM or FRESIM) to read input for first. 

k. RT 3 - Time Period Expression:  Record type 3 is used to specify the number of time periods in the 
simulation, as well as the duration of each time period.  If all the input data remains constant 
throughout the simulation, only one time period should be specified. 

If conditions change (traffic volumes, turn percentages, etc.) over time (pre-rush hour, rush hour, 
post-rush hour) on the network, CORSIM allows the user to partition the simulation into a series of 
up to 19 different time periods.  Each time period contains information pertaining to that time period 
that remains constant during that time period.  During each time period, the user need specify only 
the information that has changed from the previous time period. 
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l. RT 4 - Time Intervals and Time Steps per Time Period:  Each time period is subdivided into time 
intervals.  The default time interval is 60 seconds.  This record type allows for the user to alter the 
time interval duration, which should be a multiple of the most common signal cycle length. 

m. RT 5 - Reports and Graphics:  Through record type 5, the user can specify the frequency at which 
output statistics are reported.  If the user only requires output statistics to be generated at the end of 
each time period, this RT should be left blank. 

n. RT 19 – Freeway Link Geometry:  This record type includes the length of freeway links, link type 
(mainline, ramp), number of through lanes and auxiliary lanes, indicates lane alignment and specifies 
whether barriers exist between lanes. 

o. RT 20 – Freeway Link Operations: This record type contains data on the super-elevation, radius of 
curvature, mean start-up delay, desired free-flow speed, lane restrictions, and placement of warning 
signs for lane reductions.  This Record Type also allows for the modification of the car-following 
sensitivity factor on a link specific basis. 

p. RT 50 or RT 53 – Entry Link Volumes.  RT 50 describes the volume entering FRESIM in vehicles 
per hour at the entry nodes.  Entry volumes are normally required for all networks except when the 
traffic assignment option is activated. 

q. RT 170 – Sub network Delimiter.  RT 170 is required to mark the end of the input stream for each 
sub-network for every time period. 

r. RT 210 Time Period Delimiter.  RT 210 is required to mark the end of the input specifications for a 
time period and to identify the first section of the input stream for the next time period (if any).  
Record Type 210 can also be used to suppress certain preprocessor outputs. 

5.2.4 FRESIM Output Reports 

The FRESIM output consists of four main sections: input data echo, initialization results, intermediate 
results, and end of time period results (US DOT, 1999). 

The input data echo consists of a copy of the input file and tables stating the complete specification of 
the traffic environment and run options, for the purpose of checking the validity and acceptability of 
values and parameters.   User supplied inputs and default values, link geometry, link flow volumes, car-
following sensitivity multipliers, surveillance system information, vehicle-type specifications, free-flow 
speed percentages, and grade-correction factors are among the reviewed inputs. 

The initialization statistics show how the vehicles filled the network at different time intervals prior to the 
network reaching equilibrium. Statistics from vehicles traversing the entire network during the 
initialization period are not included in the cumulative network results.  However, statistics from those 
that are present on the network at the end of the initialization period are included in the statistics. 

Intermediate results are optionally printed at the end of user specified intervals.  Following the input data 
review, tables of output statistics containing link-specific and network-wide information are presented.  
Table 5-1 provides a summary of the cumulative output statistics. 
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Table 5-1: Definitions of FRESIM Cumulative Network and Link-Specific Statistics (US DOT, 1999). 

LINK STATISTICS 
Vehicles In Number of vehicles that entered the link. 
Vehicles Out Number of vehicles that discharged from the link, crossing the stop bar, since the 

beginning of simulation. 

Lane Change Number of lane changes that occurred on the link since beginning of simulation. 
Current Content Number of vehicles on the link at end of described time period. 
Average Content Total number of vehicle seconds accumulated on the link since the beginning of simulation 

divided by the number of seconds since the beginning of the simulation. 
Vehicle Miles Number of completed vehicle trips multiplied by the link length. 
Vehicle Minutes Total time on the link for all vehicles on the link since the beginning of the simulation. 
Total Time (Seconds/vehicle) Link length divided by the average speed (in feet/second) of all vehicles on the link since 

the beginning of the simulation. 
Move Time (Seconds/vehicle) Total time per vehicle multiplied by the ratio of move time to total time. 
Delay Time (Seconds/vehicle) Total time per vehicle minus Move time per vehicle. 
M/T Total Vehicle Minutes minus the total accumulated vehicle delay (in seconds), divided by 

total vehicle minutes. Delay is the difference between the time it would take a vehicle to 
travel the length of the link if it traveled at the link free-flow speed and the actual time that 
it takes the vehicle to travel that distance. 

Total (Veh-Min/Veh-Mile) Total vehicle minutes divided by the total vehicle miles. 
Delay (Veh-Min/Veh-Mile) Vehicle minutes divided by vehicle miles, multiplied by 1 minus ratio of move time to total 

time.  This represents average delay time for a single vehicle. 

Volume (Veh/Ln/Hr) Density multiplied by speed. 
Density (Veh/Ln-Mile) Average content divided by the link length divided by the number of lanes on the link. 
Speed (Miles/Hr) Link vehicle miles divided by total time (Vehicle minutes divided by 60). 
NETWORK STATISTICS 
Vehicle Miles Summation of link vehicle miles for all links. 
Vehicle Minutes Summation of total time for each link. 
Moving/Total Trip Time Network moving time divided by network total time. 
Speed (MI/H) Network vehicle miles divided by network total time. 
Total Delay (Veh-Min) Total delay per vehicle trip, representing the average delay per vehicle in seconds. 
Travel Time (Min/Veh-Mile) Network total time divided by network vehicle miles. 
Delay Time (Min/Veh-Mile) Network delay time divided by network vehicle miles. 

5.3 TEST NETWORK AND SCENARIO CONFIGURATIONS 

5.3.1 Test Network Configuration 

The test network consisted of a 3-km freeway segment that included a roadway segment of reduced 
capacity (half the capacity of typical roadway segments), as demonstrated in Figure 5-1.  In order to 
ensure that the results were not impacted by lane changing behavior, all three segments were coded as 
single lanes. 

The car-following behavior was calibrated using loop detector data obtained from a surveillance station 
along I-4 in Orlando, Florida.  The calibration of the speed-flow-density relationships resulted in a 
roadway capacity of 1920 veh/h, a free-speed of 88 km/h, a speed-at-capacity of 72 km/h, and a jam 
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density of 100 veh/km.  Because of limitations in the FRESIM car-following model, the speed-at-
capacity had to be set equal to the free speed (88 km/h). 

In the first and third kilometers of the freeway network, the capacity was specified as 1920 vehicle per 
hour.  In the second 1-kilometer segment, the capacity was reduced by 50% to simulate a freeway 
bottleneck.  Thus, the capacity of the bottleneck was specified as 960 veh/h.   

Table 5-2 is a summary of the link characteristics. 

Loop detectors were placed on the network at 50-m intervals.  The loop detectors were polled every 
20 seconds to provide speed, density, and flow data.  As illustrated in Figure 5-1, loop detector 
stations 1 through 14 were located on link 1.  Stations 15 through 34 were located on link 2, and 
stations 35 through 48 were located on link 3. 

Link 1 Link 2 Link 3

Station 1 Station 14 Station 15 Station 34 Station 35 Station 48

1 km 1 km 1 km

 

Figure 5-1: Test Network Configuration. 

 

Table 5-2: Test Network Configuration. 

Link Number 1 2 3 
Detector Stations 1-14 15-34 35-48 
Saturation Flow Rate 1920 veh/h 960 veh/h 1920 veh/h 
Free-speed 88 km/h 88 km/h 88 km/h 
Jam density 100 veh/km 100 veh/km 100 veh/km 
Speed at capacity 72 km/h 72 km/h 72 km/h 

 

5.3.2 Test Scenario Configuration 

Three deterministic scenarios were performed.  The first scenario involved under-saturated freeway 
conditions where a volume of 800 vehicles per hour was loaded onto the network. In the second 
scenario, a volume of 960 vehicles per hour was loaded onto the network, simulating situations where 
the demand volume is equal to the capacity of the bottleneck.  The third scenario simulated over-
saturated conditions where a volume of 1200 vehicles per hour was loaded onto the network in order to 
validate the formation of queues in the model. For each demand volume, analytical procedures were 
developed in order to validate the car-following behavior within the models. 



Crowther  Chapter 5 

85 

5.4 ANALYTICAL SOLUTION  

Figure 5-2 depicts the speed-flow relationships utilized by FRESIM and INTEGRATION.  The 
relationships on the right of Figure 5-2 are the FRESIM relationships, and those on the 
INTEGRATION relationships. 

Recall that the maximum flow or capacity corresponds to the x-coordinate at the nose of the speed-flow 
relationship.  The free speed and the speed-at-capacity are identified on the y-axis.  In the 
INTEGRATION speed-flow relationship, the speed-at-capacity is the speed that exists at maximum 
flow conditions and corresponds to the y-coordinate of the nose of the speed-flow relationship.  In 
FRESIM, because of the monotonic nature of the speed-flow relationship, the speed-at-capacity is 
equal to the free-speed. 

The data points (A, B, C, and D) represent the theoretical loop detector data from stations A, B, C, 
and D.  The detector stations were located as illustrated in Figure 5-3.  Station A is placed distantly 
upstream of the bottleneck, on link 1.  The capacity of link 1 is 1920 veh/h.  Station B is located at the 
end of link 1, just upstream of the bottleneck.  Station C is located in the middle of link 2, where the 
capacity has been reduced to 960 veh/h.  Station D is located just outside and downstream of the 
bottleneck section on link 3.  The capacity of link 3 is 1920 veh/h.   

Figure 5-2a shows detector data points A, B, C and D in under-saturated conditions. Figure 5-2b 
shows the resultant data points in saturated conditions, when the demand volume is equal to the capacity 
of the bottleneck.  Figure 5-2c shows the detector data points in over-saturated conditions, when the 
demand volume exceeds the capacity of the bottleneck. 
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FRESIM Speed-Flow RelationshipsINTEGRATION Speed-Flow Relationships

a) Under-saturated conditions

c) Over-saturated conditions

b) Saturated conditions
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Figure 5-2: Speed-Flow Relationships from INTEGRATION and FRESIM, with Detector Data for (a) Under-
Saturated conditions, (b) Saturated Conditions, and (c) Over-Saturated Conditions. 

 

Link 1 Link 2 Link 3

Station A Station B Station C Station D

1 km 1 km 1 km

 
Figure 5-3: Location of Loop Detector Stations A, B, C, and D. 

In under-saturated conditions, when the demand volume (800 veh/h) is less than the capacity of the 
bottleneck (960 veh/h), the data points will resemble those as illustrated in Figure 5-2a.  In FRESIM, 
the vehicles’ speeds will remain constant at free-speed in the upper limb of the curve throughout the 
entire network.  Therefore, points A, B, C, and D are equivalent. 
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Alternatively, the INTEGRATION relationship illustrates that as the demand volume approaches 
capacity; the vehicles’ speeds will decrease slightly from the free speed.  Figure 5-2a shows that 
vehicles will travel at a slightly reduced speed in the bottleneck section as represented by point C.  
Thus, in under-saturated conditions one would expect slightly higher travel times to be estimated by the 
INTEGRATION model than by the FRESIM model. 

In saturated conditions, when the demand volume (960 veh/h) is equal to the capacity of the bottleneck 
section (960 veh/h), the resultant loop detector data will resemble that of Figure 5-2b.  At stations A 
and B, the demand volume is less than the link capacity (1920 veh/h).  Therefore, the vehicles travel at 
speeds equal to the free-speed in both models, as represented by points A and B. 

At station C, the demand volume is equal the bottleneck capacity.  In FRESIM, the monotonic 
relationship illustrates that the vehicles’ speeds will be equal to the free-speed.  Alternatively, in 
INTEGRATION, the relationship illustrates that the vehicles’ speeds will be equal to the speed-at-
capacity. 

At station D, the demand volume is less than the capacity of link 3.  Therefore, the vehicles will travel at 
speeds equal to the free-speed in both models. 

In over-saturated conditions, when the demand volume (1200 veh/h) is greater than the link capacity 
(960 veh/h), the speed-flow data will resemble that of Figure 5-2c.  At station A, the demand volume is 
less than the capacity of link 1 (1920 veh/h).  Therefore, vehicles will travel at free-speed in both 
models. 

At station B, queuing and congestion result from the downstream bottleneck section.  Therefore, the 
flow rate will be equal to the capacity of the bottleneck (960 veh/h), and the vehicles’ speeds will be in 
the lower, congested regime of the speed-flow relationship in both models, as represented by point B. 

At station C, the flow rates are metered by the bottleneck, will be equal to the capacity of the 
bottleneck section.  In FRESIM, the vehicle’s speeds will be equal to the free-flow speed, as 
represented by point C.  Alternatively, in INTEGRATION, the vehicles’ speeds will be equal to the 
speed-at-capacity. 

5.5 MODEL EXECUTION 

The following is a description of the input files for the FRESIM and INTEGRATION models. 

5.5.1 FRESIM Input 

The following is a description of the entries by Record Type that were input into FRESIM.  Only those 
Record Types that are significant in terms of being modified from the default values or being significant in 
the network configuration are noted. 

1. Record Type 02 - Run Control: 

a. Entry 3 - (Columns 17-20): This value, entered as 3 minutes, specifies the maximum time of 
the initialization period in minutes.  Because CORSIM output statistics include the vehicles 
present on the network at the end of the initialization period, the time periods were 
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configured such that no vehicles were loaded onto the network during the initialization 
period. 

b. Entry 4 - (Columns 22-29): Eight digit random number seed.  The default value of 7981 
was used in the uniform arrival analysis.  This random number seed was varied for the 
stochastic analysis. 

c. Entry 7 - (Column 37): Vehicle entry headways.  For the deterministic analyses, a value of 0 
(which generates uniform departures) was entered.  In the stochastic analysis, the vehicle 
entry headway followed a negative exponential distribution, as specified by a 2 in this 
column. 

d. Entry 8  - (Column 38): Value of (a) that describes the Erlang distribution.  For the uniform 
analysis, this entry was left blank.  For the stochastic analysis, a value of 1 (negative 
exponential distribution) was specified. 

e. Entry 17 and 18 – (Columns 61-76): Eight digit random seed.  The default values of 7781 
and 7581 were held constant throughout both analyses. 

2. Record Type 3 - Time Period Specification: 

a. Entry 1-3 (Columns 1-12): The duration of the first time period was set at 180 seconds (3 
minutes).   

b. The second and third periods were set at 900 seconds (15 minutes) each. 

c. Record Type 19 - FRESIM Link Description: 

d. Entry 4 (Column 13-17): This entry specifies the length of each link.  Each link has a length 
of 3,281 feet (1 km). 

e. Entry 5 (Column 18): This is the freeway link type code, specified as 0 for mainline link. 

f. Entry 6 (Column 20): This is the number of through lanes, specified as 1. 

3. Record Type 20 - Freeway Link Operation: 

a. Entry 7: (Columns 19-20): The mean start-up delay (in tenths of a second) was left to the 
default value of 1.0 second. 

b. Entry 8 (Columns 21-22): The desired free-flow speed (in miles per hour) was specified as 
55 mi/h (88 km/h). 

c. Entry 16 (Column 69-72): This entry allows the user to adjust the car-following sensitivity 
factor on a link-by-link basis in the FRESIM network.  The calibration technique proposed 
in chapter 3 was used to obtain the car-following sensitivity factor.  Additionally, the 
simplified nature of the network allowed for the detailed calibration of each link by 
comparing the forced-flow rates with the desired capacity.  For link 1, using the proposed 
calibration technique, it was determined that a car-following sensitivity factor of 1.47 was 
required to produced a saturation flow rate of 1920 veh/h for links 1 and 3 (See RT 68).   
For link 2, it was determined that a link-specific car-following factor of 2.31, (when 
multiplied by the network factor of 1.47) produced the desired saturation flow rates of 960 
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veh/h.  Therefore, a link-specific car-following sensitivity factor of 231 was entered into 
columns 69-72, for link 2. 

4. Record Type 28 - Surveillance Specification: 

a. Entry 4 (Column 13-16): The purpose of this record type is to for the allow simulation of a 
surveillance system (loop detectors).  Loop detectors were placed every 164 feet (50 m), 
beginning at 988 feet (301 m) from the first upstream node.  The last detector was placed 
on link 3 at 2137 feet (651 m) from node 3.  In total, 48 detectors were placed on the 
network. 

b. Entry 5 (Columns 17-20): The effective detector loop length was specified to be 4 feet (1.2 
meters). 

c. Entry 6 (Columns 21-24): The loop separation for a couple pair of short loops was 
specified to be 20 feet (6.01 m). 

d. Entry 7 (Column 28): The detector types were specified to be a coupled pair of short loops.  
These loops allow the measurement of vehicle speeds. 

5. Record Type 50 - Entry Link Volumes 

a. Entry 3 (Columns 9-12): In the first time period of each scenario, no vehicles were loaded 
onto the network.  In the second time period, the vehicle demand differed in each scenario.  
In the under-saturated scenario, a vehicle demand of 800 veh/h was loaded onto the 
network during the second time period.  In the saturated scenario, a demand of 960 veh/h 
was loaded during the second time period.  In the over-saturated scenario, a demand of 
1200 veh/h was loaded during the second time period. 

b. Entries 4, 5, and 6 (Columns 13-16, 17-20, and 21-25): All of the loaded vehicles were 
passenger vehicles.  Therefore, zeros were entered into each of these columns. 

6. Record Type 64 - Off-line Incident Detection, Point Processing, or MOE Estimation Specification 

a. Entry 2 (Columns 7-8): The surveillance system was specified to be in analog mode. 

b. Entry 3 (Columns 9-12): The polling frequency was specified to be 20 seconds. 

c. Entry 9 (Columns 55-56): The average vehicle length was set at 30 feet.  For further 
explanation regarding the vehicle length, see explanation of RT 71. 

d. Entry 9 (Column 60): Point processing was desired.  This enabled the model to perform an 
evaluation of the detector data, thereby producing volume, speed, headway, and occupancy 
rate data. 

7. Record Type 68 - Car-following sensitivity factor: 

a. Entries 1-10 (Columns 1-4, 5-8, 9-12, 13-16, 17-20, 21-24, 25-28, 29-32, 33-36, 37-
40): The car-following model in FRESIM is based on the premise that drivers desire to 
follow the car in front of them at a given value of the sensitivity factor between them. This 
sensitivity factor, however, differs from driver to driver. The ZFOLK array (entries 1 
through 10) contains the distribution of driver sensitivity factors by driver type.  The default 
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values were modified using Record Type 68 so that each driver type utilized the same car-
following sensitivity factor.  This value was obtained by using the sensitivity factor calibration 
procedure proposed in Chapter 3.  A value of 147 was input into entries 1 through 10. 

b. Entry 11 (Columns 43-44): The default value of 10 feet was left for the Pitt car following 
constant. 

8. Record Type 71 - Vehicle Type Specifications: 

a. Entry 1 (Columns 1-4): This entry specifies which vehicle type is being modified from the 
default values.  Two records of type 71 were used.  The first was used to modify vehicle 
type 1 (low performance passenger cars).  The second was used to modify vehicle type 2 
(high performance passenger cars). 

b. Entry 2 (Columns 5-8): The bumper-to bumper vehicle length of vehicle types 1 and 2 was 
set at 20 feet.  The program internally adds 3 feet to each vehicle, for an effective vehicle 
length of 23 feet.  In addition, the car-following logic adds the PCFSEP constant  (10 feet) 
to moving vehicles, with speeds greater than 10 ft/s.  Thus, the total ‘effective’ length of a 
moving vehicle is 33 feet.  At speeds below 10 ft/sec the car following model adds the 
minimum of PCFSEP or one-half of the vehicle's current speed. This allows moving 
vehicles to form slow moving queues with the separation less than 10 feet. 

9. Record Type 147 - Free Flow Speed Percentages: 

a. Entries 1-10 (Columns 1-4, 5-8, 9-12, 13-16, 17-20, 21-24, 25-28, 29-32, 33-36, 37-
40): As each vehicle enters a link it is assigned a free-flow speed. This assignment is 
obtained by multiplying the specified mean free-flow speed for that link by a percentage. 
This percentage is obtained from a decile distribution, which is indexed by the driver 
characteristic code.  Using Record Type 147, the decile distribution was modified to be 
deterministic, so that each vehicle's free-flow speed equal to the specified mean of 88 km/h.  
This eliminated the introduction of stochastic variation in the free-flow speeds of the 
vehicles. 

5.5.2 INTEGRATION Input 

The following is a description of the entries by file type that were input into INTEGRATION.  Only the 
inputs that are significant in terms of being modified from the default values or being significant in the 
network configuration are noted. 

1. Master Control File  

a. Line 1, entry 1: The total simulation time was specified as 1980 seconds. 

b. Line 1, entry 2: Output statistics were requested every 900 seconds (15 minutes). 

2. File 2 –Link Characteristics File: 

a. Line 1, entry 1: The network consists of three links. 

b. Line 3+, entry 5: The desired free speed of the network was set at 88 km/h. 
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c. Line 3+, entry 6: The basic saturation flow rate was set at 1920 veh/h for links 1 and 3, and 
960 veh/h for link 2. 

d. Line 3 +, entry 7: The number of lanes in the network was specified as 1. 

e. Line 3 +, entry 8: The speed variability factor was set to 0. 

f. Line 3+, entry 9: The speed-at-capacity was set at 72 km/h. 

g. Line 3+, entry 10: A jam density of 100 veh/km was input. 

3. File 3 - Signal Timing Plans: No signals are present on the network. 

4. File 4  - Origin-Destination Traffic Demands: 

a. Line 3, entry 4: For the under-saturated scenario, the demand volume was set at 800 veh/h.  
In the second scenario, in which the demand volume is equal to the capacity of the 
bottleneck, the demand volume was set at 960 veh/h.  For the over-saturated scenario, the 
demand volume was set at 1200 veh/h. 

b. Line 3, entry 5: The fraction of vehicle headway that is random.  In the deterministic 
simulation runs, the fraction of headway that is random was set to zero.  In the stochastic 
runs, this was set at 100%. 

5. File 5 - Incidents or Lane Blockages: No incidents were specified in the simulation runs. 

5.6 MODEL COMPARISONS 

The models were executed in under-saturated conditions, saturated conditions, and over-saturated 
conditions. 

5.6.1 Model Comparison for Under-saturated, Uniform Arrivals 

For the non-stochastic, under-saturated conditions, the specified demand volume was 800 vehicles per 
hour.  Table 5-3 and Table 5-4 show the cumulative link specific statistics from INTEGRATION and 
FRESIM.  Cumulative and average network statistics are seen in Table 5-5. 

Table 5-3: INTEGRATION Link Flow Summaries for Under-saturated Conditions 

INTEGRATION CUMULATIVE LINK STATISTICS 

Travel Time 
LINK NODES Speed Sat Len 

Link 
Flow 

Green 
Time 

V/C 
Ratio Total Free Avg. 

Avg. 
Speed 

Avg. 
Stops 

Veh. On Link 

## Start End km/h veh/h km vehs % % min min min km/h % 
Max 
Pos 

Max 
Obs 

Cur 
Obs 

1 1 2 88 1920 1 200 100 18 137 0.7 0.7 87.4 0 200 10 0 

2 2 3 88 960 1 200 100 37 139 0.7 0.7 86.3 1 200 10 0 

3 3 4 88 1920 1 200 100 18 137 0.7 0.7 87.6 0 200 10 0 
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Table 5-4: FRESIM Link Statistics for Under-Saturated Conditions 

FRESIM CUMULATIVE LINK STATISTICS 

 Vehicles  Seconds/vehicle Min/mile  

Link In Out Avg 
Cont. 

Veh-
Miles 

Veh-
Min. 

Move 
Time 

Total 
Time 

Delay 
Time 

M/T Total Delay Volume 
veh/h 

Density 
Veh/mile 

Speed 
km/h 

(1, 2) 199 199 4.1 124.7 135.7 40.7 40.7 0 1 1.09 0 364 6.6 88.5 

(2, 3) 199 199 4.1 123.7 134.9 40.7 40.7 0 1 1.09 0 362 6.6 88.5 

(3, 4) 199 199 4.1 123 134.9 40.9 40.7 0.2 0.99 1.1 0.01 360 6.6 87.0 

 

Table 5-5: Cumulative and Average Statistics from INTEGRATION and FRESIM for Under-Saturated Conditions 

Cumulative Statistics FRESIM INTEGRATION UNITS 

Total Vehicle-Minutes 405.60 413.45 veh-min 
Total Delay .81 4.87 veh-min 

Average Statistics    

Average Delay 0.24 1.46 sec/veh 
Average Travel time 122.29 124.04 sec/veh 

Average Speed 88.35 87.10 km/h 

 

5.6.1.1 Average Vehicle Speed 

An analysis of the INTEGRATION output summarized in Table 5-5 clearly demonstrates consistency 
with the speed-flow relationships of Figure 5-2.  Specifically, vehicles travel at a slightly higher speed on 
the higher capacity links (links 1 and 2) and travel at a slightly lower speed on the bottleneck link (link 
2).  FRESIM vehicles traveled at an average speed of 88.35 km/h, while INTEGRATION vehicles 
traveled at an average speed of 87.10 km/h.  These vehicle speeds are consistent with the macroscopic 
speed-flow-density relationships that were input into the model.  Notice that the INTEGRATION 
vehicles travel at an average speed of 87.4 km/h on link 1, and 86.3 km/h on link 2. 

Alternatively, because the FRESIM speed-flow relationship assumes a constant speed in the 
uncongested regime, the vehicle speeds remain at the free-speed in the roadway bottleneck.  On links 1 
and 2, the average vehicle speed is 88.5 km/h.  It is not clear at this point why vehicle speeds are 
reduced on the roadway section that is downstream the bottleneck (87.0 km/h), as summarized in Table 
5-4. 

5.6.1.2 Vehicle Delay Time 

FRESIM estimates a total delay time of .81 minutes (48.6 seconds) while INTEGRATION estimates a 
total delay time of 4.87 minutes (292 seconds).  The average delay time per vehicle in FRESIM is 0.24 
seconds per vehicle, while that in INTEGRATION is 1.46 seconds per vehicle.  These results are 
consistent with the average vehicle speeds and the speed-flow curves of Figure 5-2.  It is unclear why 
some vehicle delay is being incurred in FRESIM on link 3, after the bottleneck, as shown in Table 5-4. 
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5.6.1.3 Vehicle Travel Time 

Total travel time from FRESIM is slightly higher than that estimated by INTEGRATION.  Again, this is 
consistent with the previously discussed speed-flow relationships. 

5.6.1.4 Distance, Speed, and Acceleration Profiles 

Figure 5-4 shows the speed and acceleration profile for vehicle 30 in under-saturated conditions.  As 
seen in Figure 5-4, the INTEGRATION vehicle exhibits behavior consistent with the speed-flow 
relationship.  Examination of other vehicle profiles shows similar behavior. The INTEGRATION vehicle 
travels at a slightly higher speed on the higher capacity links (links 1 and 2) and travels at a slightly lower 
speed on the bottleneck link (link 2).  Because the FRESIM speed-flow relationship assumes a constant 
speed in the uncongested regime, the FRESIM vehicle traverses the entire network at a constant speed 
(free-flow speed). 
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Figure 5-4: Speed and Acceleration Profiles for Vehicle 30 for Under-Saturated Conditions. 

5.6.1.5 Loop Detector Data 

The FRESIM loop detector output data for under-saturated conditions is shown in Figure 5-5 and 
Figure 5-6.  Recall that station 10 is located on link 1, 200 meters upstream of the bottleneck.  Station 
14 is located at the end of link 1, 50 meters upstream the bottleneck.  Stations 15, 16 and 25 are 
located on the second link, 10 meters, 50 meters, and 500 meters downstream of the bottleneck, 
respectively.  Station 40 is located on link 3, 750 meters downstream of the bottleneck. 
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Because the loaded vehicle demand (800 veh/h) is less than the capacity of the bottleneck (960 veh/h), 
the network remains uncongested.  Figure 5-5 and Figure 5-6 show that the FRESIM vehicles maintain 
free-flow speed throughout the entire network, consistent with the speed-flow relationship.  However, 
Figure 5-6 does show that some slowing occurs in FRESIM at station 40.  Again, it is unclear why this 
occurs.  The INTEGRATION vehicles maintain free-flow speed on the higher capacity links (stations 
10, 14, 40) and travel at speeds slightly less than the free speed while on link 2, bottleneck section 
(stations 15, 16, 25). 
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FRESIM Detector Data INTEGRATION Detector Data
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Figure 5-5: Loop Detector Data for Stations 10, 14, and 15 for Under-Saturated Conditions. 
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FRESIM Detector Data INTEGRATION Detector Data
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Figure 5-6: Loop Detector Data for Stations 16, 25 and 40 for Under-Saturated Conditions. 
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The average flows and average speeds from each loop detector station on link 2 were plotted.  These 
are seen in Figure 5-7.  The bottleneck is located at 0 km.  The average speeds are consistent with the 
analytical solution, in that the INTEGRATION vehicles travel at a speed slightly less than the free speed 
of the link while on link 2.  The FRESIM vehicles travel at an average speed equal to the free speed.  It 
is unclear why there are minor fluctuations in the average speeds and volumes, as seen in the FRESIM 
data series. 
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Figure 5-7: Average Speed and Flow on link 2 for Under-Saturated Conditions. 

 

5.6.2 Model Comparison for Saturated, (at-capacity), Uniform Arrivals 

A volume of 960 veh/h was loaded onto the network, simulating conditions when the demand volume is 
equal to the capacity of the freeway-section at the bottleneck.  Table 5-6 and Table 5-7 show the link 
statistics estimated by INTEGRATION and FRESIM.  Table 5-8 shows the cumulative output 
statistics. 
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Table 5-6: INTEGRATION Link Statistics for Saturated (At-Capacity) Conditions. 

INTEGRATION CUMULATIVE LINK STATISTICS 

Travel Time 
LINK NODES Speed Sat Len. 

Link 
Flow 

Green 
Time 

V/C 
Ratio Total Free Avg. 

Avg. 
Speed 

Avg. 
Stops 

Veh. On Link 

## Start End km/h veh/h km vehs % % min min min km/h % 
Max 
Pos 

Max 
Obs 

Cur 
Obs 

1 1 2 88 1920 1 240 100 22 165 .7 .7 87.2 0 200 10 12 

2 2 3 88 960 1 240 100 45 185 .7 .8 77.8 12 200 10 13 

3 3 4 88 1920 1 240 100 22 165 .7 .7 87.4 0 200 10 12 

 

Table 5-7:FRESIM Link Statistics for Saturated (At-Capacity) Conditions. 

FRESIM CUMULATIVE LINK STATISTICS 
 Vehicles  Seconds/vehicle Min/mile  

Link In Out 
Avg. 
Cont. 

Veh-
Miles 

Veh-
Min. 

Move 
Time 

Total 
Time 

Delay 
Time 

M/T Total Delay 
Volume 
veh/h 

Density 
veh/mile 

Speed 
km/h 

(1, 2) 240 240 5.0 149.9 165.3 40.7 41.1 0.4 .99 1.10 .01 439 8.1 87.61 

(2, 3) 240 240 5.7 148.5 186.5 40.6 46.8 6.2 .87 1.26 .17 435 9.1 76.89 

(3, 4) 240 240 4.9 149.1 162.8 40.5 40.7 .2 .99 1.09 .01 436 7.9 88.43 

 

Table 5-8:Cumulative and Average Statistics from INTEGRATION and FRESIM for At-Capacity Conditions. 

Cumulative Statistics  FRESIM INTEGRATION UNITS 

Total vehicle-minutes 514.5 515.1 veh-min 
Total Delay 27.27 25.08 veh-min 

Average Statistics    

Average Delay 6.82 6.27 sec/veh 
Average Travel time 128.63 128.8 sec/veh 

Average Speed 83.99 83.87 km/h 

 

5.6.2.1 Average Vehicle Speed 

The two models predicted nearly identical average speeds.  INTEGRATION returned a value of 83.87 
km/h, while FRESIM returned a value of 83.99 km/h. 

Table 5-6 and Table 5-7 show that the average speed in INTEGRATION is clearly higher on links 1 
and 3 than on link 2.  The lower speeds on link 2 in INTEGRATION can be explained by the speed-
flow relationships, which analytically show that when the demand volume is equal to the capacity of the 
bottleneck, the average speed will be equal to the speed-at capacity. 

The average speeds in FRESIM are also higher on links 1 and 3 than on link 2, as shown in Table 5-7.  
This is inconsistent with the analytical solution derived from the speed-flow relationships, which show 
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that the vehicles will travel at a speed equal to the free-speed on all three links.  However, this behavior 
can be explained by examination of the vehicle speed profiles, as will be presented shortly. 

5.6.2.2 Vehicle Delay Time 

The models produced very similar values of delay.  The average delay per vehicle in FRESIM is 6.82 
sec/veh while that in INTEGRATION is 6.3 sec/veh.  The total delay estimated by FRESIM is 27.27 
minutes, while that in INTEGRATION is 25.08 minutes. 

5.6.2.3 Vehicle Travel Time 

Similarly, the average values of travel time are nearly identical in each model.  As seen in Table 5-8, 
INTEGRATION returns a value of 515.1 vehicle-minutes, while FRESIM returns 514.5 vehicle-
minutes of travel time.  This corresponds to an average travel time of 128.6 seconds/vehicle in 
FRESIM, and 128.8 seconds/vehicle in INTEGRATION. 

5.6.2.4 Distance, Speed, and Acceleration Profiles 

Figure 5-8 is a speed profile of vehicle 100 in each model.  As the follower vehicle exits link 1 (car-
following sensitivity factor of 1.47) and proceeds onto the reduced-capacity link 2 (car-following 
sensitivity factor of 3.39), the vehicle undergoes a significant deceleration to under 60 km/h.  The reason 
for this, though unclear, is possibly due to limitations in the FRESIM car-following logic. 

Theoretically, because the specified demand volume (960 veh/h) is equal to the capacity of the 
bottleneck section (960 veh/h), and all stochastic elements have been removed from the simulation, the 
vehicles are generated at distance headways large enough to satisfy the car-following requirements of 
link 2.  The space headway corresponding to a flow rate of 960 veh/h, at a speed of 80.67 ft/s (55 
mi/h) is calculated as: 

feet5.302
sec
ft

67.80

hr
sec

3600

hr
veh

960

1
=






  

Using the Pitt-car-following model, the distance headway required for a capacity of 960 vehicles per 
hour can be calculated. 

( ) 4.30267.8034.310233 =++=++= ucPCFSEPLh  

Therefore, it is unclear why the vehicles undergo the deceleration upon entering link 2.  However, after 
the deceleration period, the vehicle accelerates to free-speed, at which it remains for the duration its 
vehicle trip. 

The INTEGRATION vehicle also undergoes a deceleration, although less dramatic than the FRESIM 
vehicle.  After the deceleration, the INTEGRATION vehicle maintains the reduced speed until it 
completely traverses link 2.  After traversing link 2, and upon entering link 3, the vehicle accelerates to 
free-speed.  This behavior is consistent with, and can be explained by the speed-flow relationships. 
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Figure 5-8: Speed and Acceleration Profiles for Vehicle 100 for Saturated Conditions. 

 

5.6.2.5 Loop Detector Data 

Figure 5-9 and Figure 5-10 show loop detector data for vehicles in saturated conditions.  Notice that in 
the figures, the link volumes sometimes appear to exceed the loaded demand volume.  For example, in 
Figure 5-9, the plotted speeds correspond to volumes of 900veh/h and 1080 veh/h, when the loaded 
demand volume is only 960 veh/h.  Table 5-9 shows a portion of the output detector data. 

Table 5-9: Sample Data from INTEGRATION Detector Station #19. 

Time 
(seconds) Detector # 

Lane 
Volume 
(veh/h) 

Lane Speed 
(km/h) 

Lane 
occupancy 

240 10 900 88.49 10.11 
260 10 1080 88.49 12.14 
280 10 900 88.49 10.12 
300 10 900 88.49 10.11 
320 10 1080 88.49 12.14 

The perceived overestimation of link volumes originates from the discrete counts taken during the polling 
interval.  In the 20 second polling cycle, for a volume of 960 veh/h, a vehicle will pass the detector once 
every 3.75 seconds.  If a vehicle arrives at exactly 3.75, 7.5, 11.25, 15, and 18.75 seconds, the station 
will record 5 vehicles within the 20-second interval.   The next polling interval will record vehicles at 2.5, 
6.25, 10, 13.75, and 17.5, also counting 5 vehicles in the polling interval.  However, the next interval 
will record vehicles at 1.25, 5, 8.75, 12.5, 16.25, and 20 seconds, recording 6 vehicles in the interval.  
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Thus, during the 20-second polling cycle, during some periods 5 vehicles will be counted, which 
corresponds to a volume of 900 veh/h (5 vehicles/20 seconds x 3600 seconds/hr) and others 6, 
(volume of 1080 veh/h, 6 vehicles/20 second interval x 3600 seconds/hr) vehicles will be counted. 

The data points depicted in Figure 5-9 show signs of congestion and queue formation in FRESIM at 
stations 14 and 15 and 16.  Station 14 is at the end of link 1 just before the bottleneck section, while 
stations 15 and 16 are just after the bottleneck section.  Again, it is unclear why queue formation results, 
as the capacity of link 2 is analytically equal to the demand volume loaded onto the network.  Thus, 
queues should not result.  Analysis of the detector data shows that an average volume of 961 veh/h 
traverses link 2, which would lead one to conclude that queue formation should not occur.  Another 
interesting observation from the speed-flow data is that on link 3 (station 40) vehicles are observed 
traveling at speeds that exceed the link free-speed. 

In INTEGRATION, the vehicles traverse links 1 and 3 (stations 10, 14, and 40) at free-speed.  
Consistent with the speed-flow relationships, the vehicles traverse link 2 (stations 15, 16, and 15) at 
speeds slightly less than free-speed. 
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Figure 5-9: Loop detector Data for Stations 10, 14 and 15 for Saturated Conditions. 
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FRESIM Detector Data INTEGRATION Detector Data
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Figure 5-10: Loop Detector Data from Stations 25 and 40 for Saturated Conditions. 
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The average flows and average speeds from the loop detector data for link 2 were calculated for each 
detector station.  The results are seen in Figure 5-11.  The bottleneck is located at 0 km.  Consistent 
with the speed-flow curves, the data shows that the average speed in the bottleneck section is higher in 
FRESIM than in INTEGRATION. 
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Figure 5-11: Average Speed and Flow for Saturated Conditions. 

 

5.6.3 Model Comparison for Over-saturated, Uniform Arrivals 

A volume of 1200 veh/h was loaded onto the network, thereby simulating over-saturated conditions.  
Table 5-10 and Table 5-11 show the cumulative link statistics from INTEGRATION and FRESIM, 
respectively.  Table 5-12 shows the cumulative network statistics from the two models. 
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Table 5-10: INTEGRATION Link Flow Summaries for Over-Saturated Conditions. 

INTEGRATION CUMULATIVE LINK STATISTICS 

Travel Time 
LINK NODES Speed Sat Len 

Link 
Flow 

Green 
Time 

V/C 
Ratio Total Free Avg. 

Avg. 
Speed 

Avg. 
Stops 

Veh. On Link 

## Start End km/h veh/h km vehs % % min min min km/h % 
Max 
Pos 

Max 
Obs 

Cur 
Obs 

1 1 2 88 1920 1 300 100 28 667 .7 2.2 27.0 79 200 64 0 

2 2 3 88 960 1 300 100 56 294 .7 1.0 61.2 5 200 17 0 

3 3 4 88 1920 1 300 100 28 206 .7 .7 87.4 0 200 12 0 

 
Table 5-11: FRESIM Link Statistics for Over-Saturated Conditions. 

FRESIM CUMULATIVE LINK STATISTICS 
 Vehicles    Seconds/vehicle Min/mile    

Link In Out 
Avg 

Cont. 
Veh-
Miles 

Veh-
Min. 

Move 
Time 

Total 
Time 

Delay 
Time 

M/T Total Delay 
Volume 
veh/h 

Density 
Veh/mile 

Speed 
km/h 

(1, 2) 300 300 21.9 187.3 723.3 40.7 144.0 103.3 0.29 3.86 2.77 548 35.3 25.0 

(2, 3) 300 300 8.2 185.6 269.9 40.7 54.2 13.6 0.83 1.45 0.36 543 13.2 66.4 

(3, 4) 300 300 6.2 186.4 203.4 40.5 40.7 .2 0.99 1.09 .01 545 9.9 88.5 

 
Table 5-12:Cumulative and Average Network Statistics for Over Saturated Conditions 

Cumulative Statistics  FRESIM INTEGRATION UNITS 

Total Vehicle-Minutes 1196.7 1167.08 veh-min 

Total Delay 587.61 554.82 veh-min 

Average Statistics    

Average Delay 117.52 110.96 sec/veh 

Average Travel time 239.34 233.43 sec/veh 

Average Speed 45.12 46.27 km/h 

 

5.6.3.1 Average Vehicle Speed 

The models produced similar values of average speed.  INTEGRATION returned a value of 46.27 
km/h, while FRESIM returned a value of 45.12 km/h.  Because the demand volume (1200 veh/h) is 
greater than the capacity of the bottleneck, queues form upstream of the bottleneck, on link 1.  As seen 
in Table 5-11 and Table 5-11 the slowest speeds in both models are observed on link 1, before the 
bottleneck section. 

5.6.3.2 Vehicle Delay Time 

Total delay estimated by each model differed by 32.79 minutes.  FRESIM returned a value of 587.61 
vehicle minutes while INTEGRATION returned a value of 554.82 minutes.  Average delay is 117.52 
and 110.96 seconds per vehicle for FRESIM and INTEGRATION, respectively. 
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5.6.3.3 Vehicle Travel Time 

Travel times in FRESIM are slightly higher than those in INTEGRATION.  FRESIM estimated a travel 
time of 239.34 seconds per vehicle.  INTEGRATION estimated 233.43 seconds per vehicle.  Total 
travel times estimated by the two models are 1196.7 vehicle-minutes, and 1167.08 vehicle-minutes fro 
FRESIM AND integration, respectively. 

5.6.3.4 Distance, Speed, and Acceleration Profiles 

Though the total statistics estimated by each model for over-saturated conditions are relatively similar, 
inspection of the distance, speed, and acceleration profiles reveal some notable differences.  Figure 
5-12 shows the vehicle profiles for vehicle 31 and vehicle 100 in over-saturated conditions. 

As seen in Figure 5-12, vehicle 31 exhibits the same general behavior in each model.  However, the 
FRESIM vehicle begins to decelerate a few seconds before the INTEGRATION vehicle, indicating 
slightly longer queue lengths in FRESIM than in INTEGRATION.  This is potentially explained by the 
minimum vehicle spacing requirements of the FRESIM car-following equation, which doesn’t allow 
moving vehicles to be in closer proximity than the specified value of PCFSEP (default of 10 feet).  
However, in INTEGRATION, vehicles can potentially be closer than 10 feet, dependent upon the 
speed of the moving vehicles.  The speed profile of vehicle 200 is further evidence of a difference in 
queue lengths between the two models, as the profile shows that the queues in FRESIM spill to the 
beginning of link 1, but not in INTEGRATION. 

It should be noted that when the vehicles are completely stopped in FRESIM, the minimum separation 
distance, as specified by the PCFSEP variable, is not applicable.  This variable only applies to moving 
vehicles, when a follower vehicle is car-following a lead vehicle.  When vehicles are stopped, the 
minimum separation distance is a function of the “effective length” of the vehicle, as specified on record 
type 68.  The minimum The PCFSEP separation distance only applies to moving vehicles. 

From the speed profiles, it is significant to note that after the FRESIM vehicle enters link 2, reduce its 
speed, and attains the new desired car-following distance, it rapidly accelerates to the free-speed of the 
link.  Again, this is consistent with the Pipes’ model speed-flow relationship.  In contrast, the 
INTEGRATION vehicle travels at a reduced speed until completing the reduced-capacity link, after 
which it accelerates to free speed.  This is also consistent with the INTEGRATION speed-flow 
relationship. 
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Time vs. Speed for Vehicle 31
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Figure 5-12: Speed and Acceleration Profiles for Vehicle 31 in Over-Saturated Conditions. 

 

5.6.3.5 Loop Detector Data 

Figure 5-13 and Figure 5-14 show the loop detector data generated in over-saturated conditions.  
Queue formation is evident in both models at stations 10, 14, and 15. 
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At station 16, located just downstream of the bottleneck section, the data points begin to move toward 
the uncongested, upper limb of the speed-flow curve.  At station 25, the INTEGRATION data points 
are concentrated around the nose of the speed-flow curve, which corresponds to the speed-at-
capacity.  In contrast, the FRESIM vehicles are already traveling at a speed equal to the free-speed 
while on the bottleneck link. 

Finally, as the vehicles exit the bottleneck link, (station 40) and begin traversing link 3, the vehicles travel 
at a speed equal to the speed-at-capacity in both models. 
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Figure 5-13: Loop Detector Data for Stations 10, 14, 15, and 16. 
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FRESIM Detector Data INTEGRATION Detector Data
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Figure 5-14: Loop Detector Data for Stations 16, 25 and 40 for Over-Saturated Conditions. 
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The average flows and average speeds from each detector station are shown in Figure 5-15.  The data 
shows the same general trend in both INTEGRATION and FRESIM.  Notice the large shift in average 
flows in the FRESIM data from link 1 to link 2, which begins at 1 km.  Notice also that the rate of 
speed increase on link 2 is more dramatic in FRESIM than it is in INTEGRATION, which is consistent 
with the analytical speed-flow relationships. 
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Figure 5-15: Average Speed and Flow Rates for Links 1, 2, and 3 for Over-Saturated Conditions  

 

5.6.4 Model Comparison for Random Arrivals at V/C Ratios Ranging from 0.5 to 1.5 

Stochastic elements were introduced into each model.  In INTEGRATION, the fraction of vehicle 
headway that is random was specified as 100%, causing vehicles to be generated according to a 
negative exponential distribution. 

Likewise, the FRESIM vehicles were generated according to a negative exponential distribution by 
adjusting the vehicle entry parameters.  Each model was then run 10 times for each volume to capacity 
ratio ranging from 0.5 to 1.5. 

5.6.4.1 Analytical Solution 

For a v/c ratio of 1.5 (1440 veh/h), the average delay per vehicle is calculated as illustrated in Figure 
5-16. 
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Figure 5-16: Analytical Solution for Average Vehicle Delay for v/c Ratio of 1.5 

The capacity of the bottleneck section is 960 vehicles per hour.  After the 15-minute study period, for 
an arrival rate of 1440 vehicles per hour, the queue size will be 120 vehicles. 

( ) veh120h25.0
h

veh
960

h
veh

1440 =





 −  

The time to dissipate a queue size of 120 vehicles is: 

min5.7h125.0

h
veh

960

veh120 ===t  

The total delay is thus calculated as: 

( )( ) ( )( ) sveh81000minveh13501205.7
2
1

)12015
2
1 −=−=+=t  

The average delay per vehicle is calculated as: 

s225
veh360

sveh81000
vehicle
delay =−=  

The move time of the INTEGRATION vehicle, assuming a free speed of 88 km/h (link 1 and 3), and a 
speed-at capacity of 72 km/h (link 2) is calculated as: 

s8.131

h
km

72

s3600

h
km

88

s3600
2 =+



















 

Because of the monotonic nature of the speed-flow curves in FRESIM, the constant free speed of the 
link is used to calculate the move time.  The move time of the FRESIM vehicle is: 
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s7.122

h
km
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s3600
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The total travel time of the INTEGRATION vehicles is 

s8.356s225s8.131 =+  

The total travel time of the FRESIM vehicles is: 

s7.347s225s7.122 =+  

5.6.4.2 Average travel time 

Table 5-13 shows the average travel time per vehicle for random arrivals, with v/c ratios ranging from 
0.5 to 2.0. 
 
Table 5-13: Average Travel Time for v/c Ratios Ranging from 0.5 to 1.5, and a v/c Ratio of 2.0 

V/C 
INTEGRATION 

(sec/vehicle) 
FRESIM 

(sec/vehicle) 

0.5 125.72 123.42 
0.6 126.7 123.95 
0.7 128.19 123.86 
0.8 130.91 125.84 
0.9 136.63 127.25 
1 155.61 138.20 

1.1 192.96 178.04 
1.2 225.51 220.87 
1.3 266.68 252.80 
1.4 306.74 267.35 
1.5 349.17 278.07 
2 543.11 298.44 

 

As seen from Table 5-13 and Figure 5-17, FRESIM consistently estimates slightly lower average travel 
times than does INTEGRATION.  This is consistent with previous results, as well as the analytical 
speed-flow relationships.  Both models estimate higher travel times than the deterministic analytical 
solution, which is expected.  However, at high v/c ratios the FRESIM estimate shows a large difference 
from INTEGRATION, and from the analytical solution. 

This discrepancy can be attributed to the queue spillback that occurs in the highly over-saturated 
conditions.  In the congested network, the queues extend back to the entrance node and block vehicles 
from entering the network at their scheduled time.  Vehicles that were scheduled to depart were not 
able to do so. 

INTEGRATION accounts for the delay incurred when the entrance node is blocked by adding 
“departure delay” estimates to the travel time estimates.  However, it should be noted that 
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INTEGRATION does not add “departure delay” to total delay estimates.  FRESIM does not add 
“departure delay” to the delay or the travel time estimates. 

 

Average Travel Time for Random Arrivals for v/c ratios from 0.5 to 2.0.
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Figure 5-17: Total Travel Time per Vehicle for v/c Ratios Ranging from 0.5 to 1.5. 

5.7 CONCLUSIONS 

A comparison of the INTEGRATION and FRESIM transient car-following logic was performed.  The 
test network was configured so that analytical solutions could be formulated.  The analytical speed-flow 
relationships were presented and the emergent vehicle behavior was described. 

Three different scenarios were simulated, with each scenario having a different demand volume.  The 
three scenarios represented under-saturated, saturated, and over-saturated conditions.  Additionally, the 
effect of random arrivals on travel time for volume-to-capacity ratios ranging from 0.5 to 2.0 was 
examined. 

For under-saturated, uniform arrivals, INTEGRATION returned higher values of travel and delay time, 
and lower estimates of average speed than the FRESIM model.  This is consistent with the analytical 
solution. 

For saturated, uniform arrivals, the two models returned nearly identical values of travel and delay time, 
as well as average speed.  This is inconsistent with the analytical solution, as the analytical speed-flow 
relationships illustrate that INTEGRATION should return higher values of travel time and delay than 
FRESIM.  The inconsistency is the result of observed deceleration activities of the FRESIM vehicles as 
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they exit link 1, and enter the bottleneck section of link 2.   Analytically, as the vehicles enter the 
bottleneck section, their speed should remain constant at free-speed.  It appears that as the vehicles 
enter the bottleneck section, they respond to the car-following sensitivity factor conditions of link 2 by 
attempting to increase the distance headways between vehicles. 

In over-saturated conditions, the models showed consistency in the estimates of travel time, delay time 
and average speed.  However, longer queue lengths were observed in FRESIM than in 
INTEGRATION, resulting in slightly higher travel and delay estimates in the FRESIM model. 

For random arrivals at v/c ratios ranging from 0.5 to 1.5, the results were consistent with the analytical 
speed-flow relationships.  INTEGRATION estimated higher travel times than the FRESIM model.  
Both models estimated higher travel time than the deterministic analytical solution. 
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Chapter 6 - CONCLUSIONS AND RECOMMENDATIONS 

6.1 INTRODUCTION 

Traffic engineers and researchers have applied the INTEGRATION and CORSIM simulation models 
to a variety of roadway conditions.  However, the literature is lacking in a detailed comparative study 
that illustrates the differences between the models.  Though basic comparisons have been made, they 
have only concluded that differences existed between output performance measures, but they did not 
attempt to identify the source of differences. 

A survey of the literature also reveals a need for an improved understanding of the relationship between 
the microscopic FRESIM input variables, (i.e., car-following sensitivity factor), and important 
macroscopic measures such as saturation flow rate and jam density.  The literature shows that many 
modelers find the FRESIM model difficult to calibrate because microscopic measures are difficult to 
measure in the field. 

6.2 CONCLUSIONS 

This thesis presented a detailed assessment of the CORSIM and INTETGRATION traffic simulation 
models.  The assessment included not only a comparison of model outputs, but also included an 
assessment of model logic.  Specifically, the thesis compared the car-following algorithms of each model 
in steady state and transient conditions.  Transportation analysts, particularly CORSIM and 
INTEGRATION users will benefit from this thesis, as they will be better informed to select a simulation 
model, accurately calibrate the chosen model, and analyze the results. 

The thesis first presented a comparison of the CORSIM and INTEGRATION car-following models for 
steady state and transient conditions.  The steady-state car-following behavior was related to 
macroscopic traffic stream models in order to develop a calibration procedure for the FRESIM car-
following model, which was also presented.  This thesis offers a significant contribution in that it relates 
the microscopic parameters of the CORSIM model to macroscopic parameters of capacity, jam 
density, and free-speed.  Previously, the relationship between the car-following sensitivity factor and 
capacity was not understood.  This thesis directly addresses the findings of past research efforts which 
concluded, “direct relationships between desired capacity estimates and CORSIM input parameters 
were not clear.  Research is needed to determine the relationships between the appropriate CORSIM 
model input parameters and obtaining the desired segment capacity output (May et al., 2001).” 

It was seen that the proposed calibration procedure offers an avenue to calibrate microscopic car-
following behavior using macroscopic field measurements that can be easily obtained from loop 
detectors.  Specifically, the calibration technique resulted in observed saturation flow rates that were 
within 2% of the desired saturation flow rates.  This calibration procedure, while it does not overcome 
the inherent shortcomings of the Pipes model, does provide an opportunity to better calibrate FRESIM 
car-following behavior to existing roadway conditions. 

Though it was demonstrated that the calibration procedure is valid for the network car-following 
sensitivity factor, inconsistencies were observed when the link-specific car-following sensitivity factor 
was input into the model.  This should not be the case, as the link-specific car-following sensitivity factor 
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is simply a multiplier of the network car-following sensitivity factor.  The observed inconsistency 
represents a significant limitation in the FRESIM model.  In order to account for the inconsistency in the 
link-specific car-following sensitivity factor, a correction factor was developed that can be applied to 
the analytically calculated car-following sensitivity factor. 

Chapter 4 presented a comparison of the INTEGRATION and CORSIM models when applied to 
urban arterials for transient conditions. Chapter 5 presented a comparison of the models when applied 
to freeway environments.  As a result of the various intricacies and subtleties that are involved in 
transient behavior, the comparisons were conducted by running the models on simple networks where 
analytical formulations to the problem are feasible in order to establish a base case for comparison 
purposes. 

When applied to an urban arterial environment, it was observed that the models are consistent in 
estimates of delay time and travel time, and inconsistent in estimates of vehicle stops, stopped delay, fuel 
consumption, and emissions.  Specifically, it was observed that the NETSIM model underestimates the 
number of vehicle stops in comparison with the analytical formulation.  It was also observed that 
NETSIM vehicle speed and acceleration profiles can be characterized by more abrupt accelerations 
than observed in INTEGRATION.  It was observed that the abrupt acceleration and deceleration 
activities of the FRESIM vehicles significantly impacted estimates of stopped delay and vehicle 
emissions.  The differences in emissions estimates were also attributed to differences in the embedded 
rate tables of each model. 

When the models were applied to a freeway environment in under-saturated conditions, 
INTEGRATION returned higher values of travel time and delay time, and lower values of average 
speed than the FRESIM model.  These results are consistent with the formulated analytical solution, and 
can be attributed to the speed-flow relationship of each model. 

For saturated conditions the emergent vehicle behavior of the FRESIM model was observed to be 
inconsistent with the analytical solution.  FRESIM vehicles were observed to under-go substantial 
deceleration activities upon entering the reduced capacity link.  The deceleration activity, and the 
resultant queues and lower average speeds, resulted in longer travel time and delay estimates in the 
FRESIM model than in the INTEGRATION model. 

In over-saturated conditions, the models showed consistency in the estimates of travel time, delay time 
and average speed.  However, longer queue lengths were observed in FRESIM than in 
INTEGRATION, resulting in slightly higher travel and delay estimates in the FRESIM model.  For 
random arrivals at v/c ratios ranging from 0.5 to 1.5, INTEGRATION consistently estimated higher 
travel times than the FRESIM model.  Both models estimated higher travel and delay time than the 
deterministic analytical solution. 

Finally, it was observed that minor differences exist between CORSIM version 4.32 and CORSIM 
version 5.0.  Though several model features have been improved in version 5.0, details of the 
improvements are unavailable until the model’s full release. 
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6.3 RECOMMENDATIONS 

This thesis presented a calibration procedure for the FRESIM model car-following logic.  The 
procedure relates the microscopic car-following sensitivity factor to macroscopic parameters that can 
be measured in the field.  The calibration technique returns the appropriate value of the network car-
following sensitivity factor that should be input into record type 68.  Unfortunately, it was observed that 
the link-specific car-following factors, input into record type 20, are inconsistent with the network car-
following sensitivity factors that are input into record type 68.  This should not be the case.  Though the 
reason for the discrepancy is unclear, it presents a serious limitation of the CORSIM model.  Research 
should be undertaken to determine the source of this discrepancy. 

The models were compared on test networks configured such that analytical solutions could provide a 
base case for comparison.  The test networks were configured such that typical freeway activities such 
as lane changing, merging and diverging activities were eliminated.  Additional studies, in which lane 
changing, freeway merging and diverging behavior and other typical activities are analyzed, would be of 
value to the transportation analyst.  Additionally, the impact of these microscopic activities on the 
macroscopic measure of capacity would be of interest. 

This thesis was limited to the comparison of two simulation models. Specifically, the CORSIM and the 
INTEGRATION models were compared.  However, as noted in the literature, more than 70 simulation 
models are available to the transportation analyst.  While many of these models are application specific, 
several of these are capable of modeling the full range of traffic environments.  Some of these models 
include VISSIM, Paramics, MITSIM, WATSIM, and AIMSUN2.  Because of the numerous models 
available, the transportation analyst would benefit from comparative studies of other available models.  
However, the studies should be conducted such that the differences in output can be identified and 
accounted for, similar to that presented in this thesis. 

Finally, it is recommended that a series of test-bed evaluation scenarios be designed for the evaluation 
of specific model components.  With a standard test network defined, researchers and model 
developers could apply the model to the network, and compare the results with those of other models 
that were tested on a similarly configured network.  Several test networks that are specific to the vehicle 
behavior being evaluated should be developed.  For example, a freeway network might be proposed 
that allows for the detailed examination of lane changing behavior.  The test-bed of evaluation scenarios 
would be configured such that other activities, such as weaving or merging and diverging, would be 
controlled for.  An analytical solution would provide a base case for comparison purposes. 
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APPENDIX A: NETSIM INPUT FILES 

 

Table A-1: NETSIM Input Files for Uniform Arrivals for Under-Saturated Conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Urban Arterial Constant - CORSIM Input Undersaturated conditions              00 
1        10        20        30        40        50        60        70       00    
                                                                           0  01 
       1   0       1     7981 00    0              3            7781    7581  02 
 780 900 900                                                                  03 
                  60                                                          04 
                                                                              05 
8001   1             1      1              2              20  20     0011     11 
   1   23281         1      1              3              20  20  37 0011     11 
   2   33281         1      1              4              20  20  37 0011     11 
   3   43281         1                  8005              20  20  37 0011     11 
8001   1   0 100   0   00000                                                  21 
   1   2   0 100   0   00000                                                  21 
   2   3   0 100   0   00000                                                  21 
   3   4   0 100   0   00000                                                  21 
   1    8001                                                                  35 
   2       1                                                                  35 
   3  30   2                  30   4  26                                      35 
   4       3                                                                  35 
   1 1                                                                        36 
   2 1                                                                        36 
   3 1    0    2                                                              36 
   4 1                                                                        36 
8001   1 720   0   0    0                                                     50 
 100 100 100 100 100 100 100 100 100 100 100                                 147 
   1   0 100 100 100 100 100 100 100 100 100 100                             149 
   1   1 100 100 100 100 100 100 100 100 100 100                             149 
   0                                                                         170 
8001                                                                         195 
   1    3381     100                                                         195 
   2    6662     100                                                         195 
   3    9943     100                                                         195 
   4   13223     100                                                         195 
8005                                                                         195 
   0   3                                                                     210 
8001   1 720   0   0    0                                                     50 
   0                                                                         170 
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Table A-2: NETSIM Input Files for Uniform Arrivals in Over-Saturated Conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Urban Arterial Constant - CORSIM Input Oversaturated Conditions               00 
1        10        20        30        40        50        60        70       00    
                                                                           0  01 
       1   0       1     7981 00    0              3            7781    7581  02 
 780 900 900                                                                  03 
                  60                                                          04 
                                                                              05 
8001   1             1      1              2              20  20     0011     11 
   1   23281         1      1              3              20  20  37 0011     11 
   2   33281         1      1              4              20  20  37 0011     11 
   3   43281         1                  8005              20  20  37 0011     11 
8001   1   0 100   0   00000                                                  21 
   1   2   0 100   0   00000                                                  21 
   2   3   0 100   0   00000                                                  21 
   3   4   0 100   0   00000                                                  21 
   1    8001                                                                  35 
   2       1                                                                  35 
   3  30   2                  30   4  26                                      35 
   4       3                                                                  35 
   1 1                                                                        36 
   2 1                                                                        36 
   3 1    0    2                                                              36 
   4 1                                                                        36 
8001   1 720   0   0    0                                                     50 
 100 100 100 100 100 100 100 100 100 100 100                                 147 
   1   0 100 100 100 100 100 100 100 100 100 100                             149 
   1   1 100 100 100 100 100 100 100 100 100 100                             149 
   0                                                                         170 
8001                                                                         195 
   1    3381     100                                                         195 
   2    6662     100                                                         195 
   3    9943     100                                                         195 
   4   13223     100                                                         195 
8005                                                                         195 
   0   3                                                                     210 
8001   11080   0   0    0                                                     50 
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APPENDIX B: FRESIM INPUT FILES 

 

Table B-1: FRESIM Input File for Under-Saturated Conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fresim Network: 1 km entry link, 1 km reduced capacity, 1 km exit             00 
                                      12  212000  VTTI                     1  01 
       1   1       3     7981       0              8            7781    7581  02 
 180 900 900                                                                  03 
                  60                                                          04 
                                                                              05 
8001   1   2       1                         1                                19 
   1   2   3 32810 1                         1                                19 
   2   3   4 32810 1                         1                                19 
   3   48005 32810 1                         1                                19 
8001   1 0 0 0   11055                                                        20 
   1   2 0 0 0   11055                                                        20 
   2   3 0 0 0   11055                                               231      20  
   3   4 0 0 0   11055                                                        20 
8001   1   2 100                                                              25 
   1   2   3 100                                                              25  
   2   3   4 100                                                              25 
   3   48005 100                                                              25 
   1   2   1 988   4  20   2   1                                              28 
   1   2   11152   4  20   2   2                                              28 
   1   2   11316   4  20   2   3                                              28    
   1   2   11480   4  20   2   4                                              28 
(Some lines of detector station locations omitted for because of space constraints) 
   2   3   12628   4  20   2  31                                              28  
   2   3   12792   4  20   2  32                                              28 
   2   3   12956   4  20   2  33                                              28  
   2   3   13120   4  20   2  34                                              28 
   3   4   1  33   4  20   2  35                                              28 
   3   4   1 167   4  20   2  36                                              28 
   3   4   1 332   4  20   2  37                                              28 
   3   4   1 496   4  20   2  38                                              28 
   3   4   1 659   4  20   2  39                                              28 
   3   4   1 823   4  20   2  40                                              28 
   3   4   1 988   4  20   2  41                                              28 
   3   4   11152   4  20   2  42                                              28 
   3   4   11316   4  20   2  43                                              28 
   3   4   11480   4  20   2  44                                              28    
   3   4   11644   4  20   2  45                                              28 
   3   4   11808   4  20   2  46                                              28 
   3   4   11972   4  20   2  47                                              28 
   3   4   12136   4  20   2  48                                              28 
8001   1       0   0    0                                                     50 
   0   1  20                                          30   1   0              64 
 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738  67 
39404142434445464748                                                          67 
 147 147 147 147 147 147 147 147 147 147  10                                  68   
   1  30         100                 100                                      71 
   2  30           0                 100                                      71 
 100 100 100 100 100 100 100 100 100 100                                     147 
                                                                             170 
8001                                                                         195 
   1    3381     100                                                         195 
   2    6662     100                                                         195 
   3    9943     100                                                         195 
   4   13223     100                                                         195 
8005                                                                         195 
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Table B-2: FRESIM Input File for Saturated (at-capacity) Conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fresim Network: 1 km entry link, 1 km reduced capacity, 1 km exit             00 
                                      12  212000  VTTI                     1  01 
       1   1       3     7981       0              8            7781    7581  02 
 180 900 900                                                                  03 
                  60                                                          04 
                                                                              05 
8001   1   2       1                         1                                19 
   1   2   3 32810 1                         1                                19 
   2   3   4 32810 1                         1                                19 
   3   48005 32810 1                         1                                19 
8001   1 0 0 0   11055                                                        20 
   1   2 0 0 0   11055                                                        20 
   2   3 0 0 0   11055                                               231      20  
   3   4 0 0 0   11055                                                        20 
8001   1   2 100                                                              25 
   1   2   3 100                                                              25  
   2   3   4 100                                                              25 
   3   48005 100                                                              25 
   1   2   1 988   4  20   2   1                                              28 
   1   2   11152   4  20   2   2                                              28 
   1   2   11316   4  20   2   3                                              28    
   1   2   11480   4  20   2   4                                              28 
(Some lines of detector station locations omitted for because of space constraints) 
   2   3   12628   4  20   2  31                                              28  
   2   3   12792   4  20   2  32                                              28 
   2   3   12956   4  20   2  33                                              28  
   2   3   13120   4  20   2  34                                              28 
   3   4   1  33   4  20   2  35                                              28 
   3   4   1 167   4  20   2  36                                              28 
   3   4   1 332   4  20   2  37                                              28 
   3   4   1 496   4  20   2  38                                              28 
   3   4   1 659   4  20   2  39                                              28 
   3   4   1 823   4  20   2  40                                              28 
   3   4   1 988   4  20   2  41                                              28 
   3   4   11152   4  20   2  42                                              28 
   3   4   11316   4  20   2  43                                              28 
   3   4   11480   4  20   2  44                                              28    
   3   4   11644   4  20   2  45                                              28 
   3   4   11808   4  20   2  46                                              28 
   3   4   11972   4  20   2  47                                              28 
   3   4   12136   4  20   2  48                                              28 
8001   1       0   0    0                                                     50 
   0   1  20                                          30   1   0              64 
 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738  67 
39404142434445464748                                                          67 
 147 147 147 147 147 147 147 147 147 147  10                                  68   
   1  30         100                 100                                      71 
   2  30           0                 100                                      71 
 100 100 100 100 100 100 100 100 100 100                                     147 
                                                                             170 
8001                                                                         195 
   1    3381     100                                                         195 
   2    6662     100                                                         195 
   3    9943     100                                                         195 
   4   13223     100                                                         195 
8005                                                                         195 
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Table B-3: FRESIM Input File for Over-Saturated Conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fresim Network: 1 km entry link, 1 km reduced capacity, 1 km exit             00 
                                      12  212000  VTTI                     1  01 
       1   1       3     7981       0              8            7781    7581  02 
 180 900 900                                                                  03 
                  60                                                          04 
                                                                              05 
8001   1   2       1                         1                                19 
   1   2   3 32810 1                         1                                19 
   2   3   4 32810 1                         1                                19 
   3   48005 32810 1                         1                                19 
8001   1 0 0 0   11055                                                        20 
   1   2 0 0 0   11055                                                        20 
   2   3 0 0 0   11055                                               231      20  
   3   4 0 0 0   11055                                                        20 
8001   1   2 100                                                              25 
   1   2   3 100                                                              25  
   2   3   4 100                                                              25 
   3   48005 100                                                              25 
   1   2   1 988   4  20   2   1                                              28 
   1   2   11152   4  20   2   2                                              28 
   1   2   11316   4  20   2   3                                              28    
   1   2   11480   4  20   2   4                                              28 
(Some lines of detector station locations omitted for because of space constraints) 
   2   3   12628   4  20   2  31                                              28  
   2   3   12792   4  20   2  32                                              28 
   2   3   12956   4  20   2  33                                              28  
   2   3   13120   4  20   2  34                                              28 
   3   4   1  33   4  20   2  35                                              28 
   3   4   1 167   4  20   2  36                                              28 
   3   4   1 332   4  20   2  37                                              28 
   3   4   1 496   4  20   2  38                                              28 
   3   4   1 659   4  20   2  39                                              28 
   3   4   1 823   4  20   2  40                                              28 
   3   4   1 988   4  20   2  41                                              28 
   3   4   11152   4  20   2  42                                              28 
   3   4   11316   4  20   2  43                                              28 
   3   4   11480   4  20   2  44                                              28    
   3   4   11644   4  20   2  45                                              28 
   3   4   11808   4  20   2  46                                              28 
   3   4   11972   4  20   2  47                                              28 
   3   4   12136   4  20   2  48                                              28 
8001   1       0   0    0                                                     50 
   0   1  20                                          30   1   0              64 
 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738  67 
39404142434445464748                                                          67 
 147 147 147 147 147 147 147 147 147 147  10                                  68   
   1  30         100                 100                                      71 
   2  30           0                 100                                      71 
 100 100 100 100 100 100 100 100 100 100                                     147 
                                                                             170 
8001                                                                         195 
   1    3381     100                                                         195 
   2    6662     100                                                         195 
   3    9943     100                                                         195 
   4   13223     100                                                         195 
8005                                                                         195 
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APPENDIX C: INTEGRATION INPUT FILES FOR ISOLATED SIGNALIZED INTERSECTION 

 

Table C-1: INTEGRATION Master File for Isolated, Signalized Intersection. 

Uar_1 Master File- signalized intersection 
2580.0   900  900     2     0 
   0     0     0     0      0 
   .00   .00   .00  .00   .00 
urban\constant\ 
urban\constant\output \ 
 file1_uaco.dat 
file2_uaco.dat 
file3_uaco.dat 
file4_uaco.dat 
file5_uaco.dat 
none 
none 
none 
none 
file10_uaco.out 
file11_uaco.out 
file12_uaco.out 
none 
none 
file15_uaco.out 
file16_uaco.out 
none 
none 
none 
none 
none 
none 
none 
none 
summary_uaco.out 

 

Table C-2: Node Coordinate File for Isolated, Signalized Intersection. 

Node Coordinate – signalized intersection 
4     1.0     1.0 
   1     1.0     1.0    3  -1   0 
   2     2.0     1.0    4   0   0 
   3     3.0     1.0    4   0   0 
   4     4.0     1.0    2  -2   0 
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Table C-3: Link Characteristics File for Isolated, Signalized Intersection. 

Link Characteristic File  - signalized intersection 
3  1  1  1  1   1 
1  1  2  1  60  1800  1  0  59.5 178  0  0  0  0  0  0  0  0  00000  11111 
2  2  3  1  60  1800  1  0  59.5 178  0  0  0  0  0  1  1  0  00000  11111 
3  3  4  1  60  1800  1  0  59.5 178  0  0  0  0  0  0  0  0  00000  11111 

 

Table C-4: Signal File for Isolated, Signalized Intersection. 

Signal File- signalized intersection 
   1    1  3600 
   1 
   1   60   60  60  30 2  30  4  22  4  0 

 

Table C-5: Traffic Demand Data File for Isolated Intersection, Under-Saturated Conditions. 

Traffic Demand Data –isolated signalized intersection 
1    1   1    1.0 
1    1   4    720   0.0   780    1680  1  0  0  0  0  100.0  1 

 

Table C-6: Traffic Demand Data File for Isolated Intersection, Over-Saturated Conditions. 

Traffic Demand Data –isolated signalized intersection 
1    1   1    1.0 
1    1   4    1080   0.0   780    1680  1  0  0  0  0  100.0  1 

 

Table C-7: Incident Data File for Isolated, Signalized Intersection. 

Incident Data File–isolated signalized intersection 
0 
1  1  0  0   60 
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APPENDIX D: INTEGRATION INPUT FILES FOR FREEWAY NETWORK  

 

Table D-1: Master File for Freeway Network 

Freeway Master File 
1980.0   900  900     2     0 
   0       0    0     0     0 
    .00    .00   .00  .00   .00 
 
output \ 
file1_fco.dat 
file2_fco.dat 
file3_fco.dat 
file4_fco_filled.dat 
file5_fco.dat 
none 
none 
none 
none 
file10_fco.out 
file11_fco.out 
file12_fco.out 
none 
none 
file15_fco.out 
file16_fco.out 
none 
none 
none 
none 
file21_fco.dat 
none 
none 
none 
none 

 

Table D-2: Node Coordinate File for Freeway Network 

Freeway - Node Coordinate File 
   4     1.0     1.0 
   1     1.0     1.0    3  -1   0 
   2     2.0     1.0    4   0   0 
   3     3.0     1.0    4   0   0 
   4     4.0     1.0    2  -2   0 
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Table D-3: Link Characteristics File for Freeway Network. 

Freeway - Link Characteristic File  
3  1  1  1  1   1  
1  1  2  1  88  1920  1  0  72 100  0  0  0  0  0  0  0  0  00000  11111 
2  2  3  1  88   960  1  0  72 100  0  0  0  0  0  0  0  0  00000  11111 
3  3  4  1  88  1920  1  0  72 100  0  0  0  0  0  0  0  0  00000  11111 

 

Table D-4: Signal File for Freeway Network 

Freeway - Signal File 

0   0   0 

 

Table D-5: Traffic Demand Data File for Freeway Network for Under-Saturated Conditions. 

Traffic Demand Data - Freeway 
1    1   1    1.0 
1    1   4    800   0.0   182.5   1082.5  1  0  0  0  0  100.0  1 

 

Table D-6: Traffic Demand Data File for Freeway Network for Saturated Conditions. 

Traffic Demand Data - Freeway 
1    1   1    1.0 
1    1   4    960   0.0   182   1082  1  0  0  0  0  100.0  1 

 

Table D-7: Traffic Demand Data File for Freeway Network for Saturated Conditions. 

Traffic Demand Data - Freeway 
1    1   1    1.0 
1    1   4   1200   0.0   181.5   1081.5  1  0  0  0  0  100.0  1 

 

Table D-8: Incident File for Freeway Network 

Incident Data File–isolated signalized intersection 
0 
1  1  0  0   60 
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Table D-9: Detector File for Freeway Network 

Loop Detector File 
48 20  
01  10 1 .301 .0061 20 11111 
02  10 1 .351 .0061 20 11111 
03  10 1 .401 .0061 20 11111 
04  10 1 .451 .0061 20 11111 
05  10 1 .501 .0061 20 11111 
06  10 1 .551 .0061 20 11111 
07  10 1 .601 .0061 20 11111 
08  10 1 .651 .0061 20 11111 
09  10 1 .701 .0061 20 11111 
10  10 1 .751 .0061 20 11111 
(some detector locations omitted) 
26  10 2 .551 .0061 20 11111 
27  10 2 .601 .0061 20 11111 
28  10 2 .651 .0061 20 11111 
29  10 2 .701 .0061 20 11111 
30  10 2 .751 .0061 20 11111 
31  10 2 .801 .0061 20 11111 
32  10 2 .851 .0061 20 11111 
33  10 2 .901 .0061 20 11111 
34  10 2 .951 .0061 20 11111 
35  10 3  .01 .0061 20 11111 
36  10 3 .051 .0061 20 11111 
37  10 3 .101 .0061 20 11111 
38  10 3 .151 .0061 20 11111 
39  10 3 .201 .0061 20 11111 
40  10 3 .251 .0061 20 11111 
41  10 3 .301 .0061 20 11111 
42  10 3 .351 .0061 20 11111 
43  10 3 .401 .0061 20 11111 
44  10 3 .451 .0061 20 11111 
45  10 3 .501 .0061 20 11111 
46  10 3 .551 .0061 20 11111 
47  10 3 .601 .0061 20 11111 
48  10 3 .651 .0061 20 11111 
none 
none 
summary.fco.out 



Crowther  Vita 

132 

Vita 

Brent Crowther was born Bountiful, Utah to Bruce and Norma Crowther.  Following his graduation 
from high school, he studied Civil and Environmental Engineering at Utah State University in Logan, 
Utah.  After one year at USU, he served a volunteer ecclesiastical mission in the Dominican Republic 
for two years.  Upon completion of his mission, he began work as a Program Coordinator for CES 
Youth and Family Programs at Brigham Young University.  He subsequently enrolled at BYU, and 
earned a Bachelor of Science degree in Civil Engineering.  Following his graduation, he worked as an 
intern with the Utah Department of Transportation.  In August 1999, Brent began graduate studies in 
Civil Engineering at Virginia Tech where he has worked as a graduate research assistant at the Virginia 
Tech Transportation Institute.  At the Transportation Institute, Brent worked with the Policy & 
Technology Applications Group and the Transportation Systems & Operations Group.  Brent and his 
family will be relocating to Phoenix, Arizona where Brent has accepted employment with Kimley-Horn 
and Associates.  Brent is married and has two daughters. 


