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CHAPTER 1

INTRODUCTION

The growth of urban automobile traffic has led to serious traffic congestion in
most cities. Since travel demand increases at a rate often greater than the addition of road
capacity, the si;uation will continue to deteriorate unless better traffic management
strategies are implemented. One of the most attractive remedial measures for addressing
the congestion problem is the deployment of Intelligent Transportation Systems (ITS).
ITS is the application of current and evolving technologies to transportation systems and
the careful integration of system functions to provide more efficient and effective
solutions to multimodal transportation problems. A wide range of technological
developments fall under the ITS agenda.

The rapid growth of ITS applications in recent years is generating an increasing
need for tools to help in system design and assessment. Traffic simulation models have
proven to be one of the most cost-effective tools to reach these objectives. Evaluating
traffic networks equipped with ITS technologies are a vital necessity in the overall design
of ITS systems. The integration of traffic modeling studies into the framework of ITS and
its potential benefits can be seen in Figure 1.

Tools are needed to improve the increasingly complex and rapidly deteriorating

transportation systems of today. Comprehensive research tools for quantifying the



expected benefits from ITS are, however, still absent. Therefore, the ability of traffic
simulation models to simulate ITS technologies and operations such as real-time control
strategies, route guidance capabilities, real-time graphics displays, environmental and
safety measures of effectiveness, effects of in-vehicle navigation systems, vehicle/path

selection capabilities, and user interface must be evaluated.

Framework for ITS Benefits Assessment Activities

\

e Assessment of ITS Benefits: |
Em pirical ? <

Benefits Review ITI Benelits: Expected and ]

1
Modeling
Studies

‘ Review of ITS Benefits: Emerging l
Meta- Incident Management
Detection and Roadway Fatalities
Evaluation
Emergency Notification
Studies Rural Mayday

[En Route Driver Information]
| Route Guidance

Benefits Assessmen

Integrated ITS

*Jl Traffic Control

SO P L e

Snecesses-Octoher 1996 J
Vll?re-'l'rlp Travel Information ]1
——{ CVO Services I
Other (Non-Mitretek) Inputs
Deploymenl Operational FHWA R&D Academic
kalnz Tests iviti Research
.

I OVERALL ITS BENEFITS ASSESSMENT ‘

Figure 1. Framework for ITS Benefits Assessment Activities
Source: USDOT, 1996

Background of ITS Development

Congress established the Intelligent Transportation Systems with the passage of
the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) and its successor

the Transportation Equity Act for the 21% Century (TEA-21) of 1998. ITS applies



advanced and emerging technologies in such fields as information processing,
communications, control, and electronics to surface transportation needs. If these
technologies are effectively integrated and deployed, there could be a number of benefits
including more efficient use of our infrastructure and energy resources, and significant
improvements in=safety, mobility, accessibility, and productivity (US DOT, 1996). In the
years since its inception, ITS has been developed from a collection of ideas and isolated
applications of technology into an interrelated program with initial projects already
yielding benefits for the nation’s surface transportation system (Mitretek Systems, 1996).
New research efforts are in constant development as a result of federal initiatives.
Comprehensive evaluations of traffic simulation models such as the one in this thesis are
a major part of these initiatives.

Intelligent Transportation Systems (ITS) are transportation systems that apply
information and control technologies to help their operations. Given this broad definition,
ITS is an umbrella that covers a wide range of transportation systems, some of which
have been implemented for many years while others are just getting deployed or are still
under research and development for future applications (Chen and Pedersen, 1997). As
with any system, the critical links in ITS are the interfaces that tie together the different
parts of the system. It was decided that an architecture was needed to achieve the vision
Congress put forth for ITS in 1991: a vision of a seamless, multimodal, national
intelligent transportation system that would have a consistent character across the

country.



National Architecture of ITS

In the early stage of ITS development, a need for architecture to provide an
overall framework was identified. The architecture lays out the boundaries, players, and
strategies for the process of information management. It was needed to form a common
vocabulary and common sets of design and interconnection standards to tie advanced
transportation systems together and create new ones (USDOT, 1996). As a result the
Federal Highway Administration (FHWA) sponsored the development of a National ITS
Architecture. Figure 2 presents a very top level simplified Architecture Flow Diagram.
The diagram represents the four classes of subsystems, the terminators associated with

each of the classes and the type of information that is exchanged between the classes.

Users
(People who use and operate
the Subsystem)
I |
Environment Architecture Subsystems Other Systems
(Physical World) Centers (9) (Computer Systems Outside the Architecture)
Roadside (4) Centers(12)
Traveler (2) Vehicle (4) Roadside (2) Vehicle (3)
Other Subsystems User
within the Architecture ( Other instances of
Architecture Subsystems) (6) .
System Outside
Environment
Subsystem
Other Subsystem
Terminator

Figure 2. Simple View of ITS Architecture Structure.
Source: The National Architecture for ITS, USDOT, 2000



The National ITS Architecture provides a common structure for the design of
intelligent transportation systems. It is not a system design nor is it a design concept.
What it does is to define the framework around which multiple design approaches can be
developed, each one specifically tailored to meet the individual needs of the user, while
maintaining the benefits of a common architecture noted above. The architecture defines
the functions (e.g., gather traffic information or request a route) that must be performed
to implement a given user service, the physical entities or subsystems where these
functions reside (e.g., the roadside or the vehicle), the interfaces/information flows
between the physical subsystems, and the communication requirements for the
information flows (e.g., wireline or wireless). In addition, it identifies and specifies the
requirements for the standards needed to support national and regional interoperability, as
well as product standards needed to support economy of scale considerations in

deployment (USDOT, 1996).

ITS User Services

ITS technologies have been encapsulated in a collection of interrelated user
services for application to the nation’s surface transportation problems. ITS is defined by
a number of individual user services. To date, thirty-one user services have been
identified, the most recent being the Archived Data User Services (USDOT, 2000). This
list of user servicés is neither exhaustive nor final, as new user services are continuously
being identified. The user services have been bundled into seven categories as shown in
Table 1. Users from a functional point of view can be defined as persons or organizations
to which functions are provided. Users can be infrastructure operators and decision

makers, government, traffic, local and/or highway authorities, private parking operators,



public transit operators, vehicle drivers, freight shippers and operators of goods, vehicles

and other types of fleets.

Table 1. ITS Interrelated User Services

Travel and Transportation e En Route Driver Information
Management e Route Guidance

e Traveler Services Information

e Traffic Control

e Incident Management

e Emissions Testing

e Demand Management and Operations
e  Pre-trip Travel Information

e Ride Matching and Reservation

e Highway Rail Intersection

Public Transportation Operations e  Public Transportation Management
e En Route Transit Information

e Personalized Public Transit

e  Public Travel Security

Electronic Payment e Electronic Payment Services

Commercial Vehicle Operations ¢ Commercial Vehicle Electronic Clearance

e Automated Roadside Safety Inspection

e On-board Safety Monitoring

e Commercial Vehicle Administration Processes
e Hazardous Materials Incident Response

e Freight Mobility

Emergency Management e Emergency Notification and Personal Security
e Emergency Vehicle Management

Advanced Vehicle Control and e Longitudinal Collision Avoidance

Safety Systems e Lateral Collision Avoidance

e Intersection Collision Avoidance

e Vision Enhancement for Crash Avoidance
e Safety Readiness

e  Pre-crash Restraint Deployment

e Automated Highway

Information Management e Archived Data

Source: The National ITS Architecture, USDOT, 2000



Needs for Traffic Simulation Models

As indicated earlier traffic simulation models are becoming an increasingly
important tool for traffic control. Simulators are needed, not only to assess the benefits of
ITS in a planning mode, but also to generate scenarios, optimize control, and predict
network behavior at the operational level. They can give the traffic engineer an overall
picture of the traffic and the ability to assess current problems and project possible
solutions immediately. Experimental or new techniques can be tried and tested without
any disruption to traffic in a real network. Traffic shows some characteristics of a
complex system. There are stable and unstable states, deterministic, chaotic or even
stochastic behavior with phase transitions, fractal dimensions and self-organized
criticality. In handling such a complex system, simulation can be a good tool. In the
global warming debate, political decisions reckon on computer simulations. Likewise,
computer models can be used to simulate the influence of governmental measures like
road pricing or building of new streets.

Since the technological advances and concepts underlying ITS in urban networks
were not envisioned when many simulation models were developed, these models may
not be directly applicable to networks with ITS components such as Advanced Traveler
Information Systems (ATIS) and Advanced Traffic Management Systems (ATMS)
especially at an operational level Traffic simulation models can be classified as either
microscopic, mesoscopic, or macroscopic. Microscopic models are models that
continuously or discretely predict the state of individual vehicles. Microscopic measures
are individual vehicle speeds and locations. Macroscopic models aggregate the

description of traffic flow. Macroscopic measures of effectiveness are speed, flow and



density. Mesoscopic models are models that have aspects of both macro and microscopic
models. In addition, simulation models are classified by functionality, i.e. signal,

freeway, and integrated.

Functions of Traffic Simulation Models for ITS

The Actions de Préparation, d’accompagnement et du suivi (APAS, 1995)
assessment of road transport models and system architectures has identified four main
uses for simulation models in ITS:

1. Simulating networks including interaction between vehicles and new
responsive control and information systems. One of the main purposes of
simulation models is to assess a set of transportation control options off-line. On-
street evaluation is notoriously difficult because the day-to-day variability of
traffic means that it is difficult and expensive to collect enough data to produce
statistically significant conclusions. Therefore simulation models have been
developed to allow complete control over the network environment.

2. Short term forecasting. Simulation models are also used when analyses are

needed for immediate results. Examples include use in real-time evaluation of a

set of possible responses following an incident on a roadway, or to predict

emissions so that plans, which restrict cars entering the city center, can be
implemented if the predicted emissions rise above a certain level.

3. Enhancing assignment models. Assignment models are used to predict

changes in traffic flows when changes are made to the road network. If responsive



control systems are used within the network then interactions with the changing
flows can be difficult to model without using traffic simulation.

4. Providing inputs to car driving simulations. Sophisticated driving simulators
are being developed to allow the assessment of many new in-car systems in a
totally safe-environment. Traffic simulation models can be used to provide

realistic scenarios for the simulator.

Limitations of Traffic Simulation for ITS

With regard to traffic simulation within an ITS framework, some limitations have been
identified by Smartest (1997) as follows:
1. Modeling congestion. Most simulation models use simple car following and
lane changing algorithms to determine vehicle movements. During congested
conditions these do not realistically reflect driver behavior. The way congestion is
modeled is often critical to the results obtained.
2. Environmental modeling. Considerable effort is being directed at producing
emission models for incorporation into simulation models. For some emissions
this is straightforward but for others complex chemical reactions are taking place
within car exhausts making predictions difficult. It is also proving difficult to get
reliable emission data for a reasonable mix of traffic.
3. Integrated environments and common data. Simulation models are often used
with other models such as assignment models. There are common inputs required

by all these models, such as origin-destination data, network topology, and bus
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route definitions. However, each model often requires the data in a different

format so effort is not wasted in re-entering data or writing conversion programs.

4. Safety evaluation. Safety is a very complex issue. Most safety prediction

models are very crude, being based on vehicle flows on given roadways or on

lane changes in mean vehicle speeds. Simulation models completely ignore
vulnerable road users such as cyclists or pedestrians.

5. Standard procedures and indicators for evaluation. The traffic simulation has

to produce outputs, which will rank the alternatives realistically. Alternative

rankings are a function of the chosen performance indicators and the weights
used. Standard sets of performance indicators and procedures to apply need to be
produced.

While there is clearly a need for traffic simulation models that support ITS
development based on the above discussions, there is also a need to evaluate existing
models in order to delineate their specific features and functions. This research attempts
to contribute to the ongoing effort to establish standards and criteria for traffic simulation
models in order to integrate them into the framework of ITS benefits assessments.
Standards will provide the means by which compatibility between systems will be

achieved.

Research Objective

The objectives of this thesis are to evaluate traffic simulation models to determine

their suitability as an evaluation tool in the framework of ITS benefits assessments.
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Techniques used in this study rely in part on previously published data relating to traffic
simulation models. After compiling this data a comprehensive categorized list of traffic
simulation models is documented. This information will then be used to create a series of
evaluation criteria. The criteria focus is on what features of a simulation model are
important to ITS applications. With this series of criteria, an initial screen of the model
list will be conducted to create a shorter more specific list. Each model on the shorter
specific list will be evaluated based on the common standard/criteria. Finally, in depth

evaluation of the list will be conducted.



CHAPTER 2

REVIEW OF LITERATURE

Traffic simulation models have been studied extensively over the past 30 years.
Various effective. models such as CORSIM (CORridor microscopic SIMulation)
TRANSYT 7F and AIMSUN2 have been developed to study conventional traffic
networks and controls (Barcelo and Ferrer, 1994), (FHWA, 1996), (McTrans, 1996).
With technological advances, new uses for simulation models are being promoted. There
have been recent efforts to develop simulation models for studying networks under ITS.
Models such as INTEGRATION DYNASMART and METROPOLIS are being
developed specifically for studying the effectiveness of alternative information supplying
strategies, as well as alternative information/control system configurations, for urban
traffic networks with Advanced Traveler Information Systems (ATIS) and/or Advanced
Traffic Management Systems (ATMS) (Jayakrishnan et al., 1994), (Mahmassani et al.,
1994), (de Palma et al., 1996), (Van Aerde, 1999). Two such models in development at
the same time were INTEGRATION and DYNASMART. INTEGRATION was
developed in the late 1980’s at Queens University. It is a mesoscopic routing-oriented
simulation model of integrated freeway and surface street networks. In reference to ITS,
it is the first simulation model which considers the ITS route guidance information in the
vehicle/routing mechanism (Prevedourous and Wang, 1998). DYNASMART is primarily

a descriptive analysis tool for the evaluation of information supply strategies, traffic

12
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control measures, and route assignment rules at the network level. In other words it does
not attempt to find optimal configurations of ITS systems but instead studies the
effectiveness of given configurations (Jayakrishnan, et al., 1994). Another traffic
simulation tool on the ITS forefront is PARAMICS. The aim of PARAMICS is to
explore the possibilities of ITS, and ultimately to implement a system where features of
PARAMICS, including comprehensive visualization and microscopic traffic simulation
are key components in the simulation arm of the ITS architecture. At this time the
potential areas of application for PARAMICS include, traffic management and control,
traffic control center modeling, and personal access to predictive travel informatiAon.
Several research projects have already been completed, using PARMICS as the base for
studying dynamic route decision-making. PARAMICS has been used for the simulation
of traffic management and control systems in a number of locations, including Interstate
I-49 in Minneapolis (Quadstone Limited, 1999). Ongoing studies are still being
conducted to ascertain the limitations of traffic simulation models for ITS applications.
One such study is SMARTEST, being conducted at Leeds University in the United
Kingdom (Algers, et al., 1998). The project is directed toward modeling and simulation
of dynamic traffic management problems caused by incidents, heavy traffic, accidents,
road works and events. It covers incident management, intersection control, motorway
flow control, dynamic route guidance and regional traffic information (Algers, et al,
1998). Studies such as SMARTEST will add to the recent research aimed at the
validation and accreditation of the outputs of simulation models with regards to ITS.
Numerous research papers have been written in order to help validate traffic

simulation model output. However, traffic engineering literature search for
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comprehensive comparisons of real world traffic software based simulations of networks
under ITS information will yield little, particularly with respect to newer software. An
extensive literature search was undertaken using the TRB TRIS database and the World
Wide Web on the Internet. Over 80 traffic simulation models were identified as shown in
Tables 3-5 in section 4. Most of these models have specific functions such as signal
control at isolated intersections, signal control at coordinated intersections, freeway
simulation, etc. These simulation models will be evaluated in this thesis to identify those

that have special features to support a certain element of ITS application.



CHAPTER 3

DESIGN OF THE STUDY

The study in this thesis will primarily rely on the published literatures including
scientific papers, technical reports and Internet WebPages about various traffic
simulation models. The entire evaluation will be conducted through two-steps: initial
screening and in-depth evaluation. The initial screening will generate a shorter but more
specific list of traffic simulation models. The in-depth evaluation of each model on the
shorter list will eventually identify which model is suitable for what part of ITS
applications. The evaluation of traffic simulation models for ITS development needs a
series of criteria to be based upon. Key points within the criteria identify user
requirements (Table 2) that were included in the listed criteria. These requirements
include functionality, relevance, and ITS modeling ability. The following provides the

criteria that will be used in the 2-step process in this study.

Criteria for Initial Screening

General research of traffic simulation models yielded more than 80 models. In order
to screen models with no potential for use with ITS applications, criteria for initial
screening were developed. Models were judged based on their ability to meet or be
modified to meet these standards. These criteria are listed as follows:

1. Credible theories used in the model.

15
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2. The model has been tested for real-world applications.
3. The ability to output measures of performance such as travel times and speeds.
4. Documentation has indicated incorporation of at least one ITS feature.

5. Model is obtainable by the public.

Criteria for In-Depth Evaluation

In-depth evaluation attempts to identify more specific features and limitations of
models selected from the initial screening process. The following criteria were
established for in-depth evaluation:

1. Must be capable of incorporating in the model the corresponding traffic devices

such as detectors, traffic lights, VMS, etc.

2. Must also be able to imitate the functions of traffic devices, which includes
providing the specific traffic measurements at the required time intervals,
increasing the phase timing in a given amount of time and implementing a traffic
calming strategy.

3. Must realistically reflect driver behavior and vehicle interactions.

4. Must have the ability to model different traffic flow conditions at a higher level of
detail (e.g. uncongested, congested, and incident).

5. Must simulate the variability in traffic demand in time and space, and model the
growth/interaction and decay of traffic queues, as well as capacity reductions due to
incidents and bottlenecks.

6. Must be capable of evaluating various control strategies (e.g. fixed/actuated/adaptive

control, and ramp metering).
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7. Must be capable of interfacing with other control algorithms of ITS applications.

8. Must make reliable estimates of network traffic conditions.

9. Must predict network flow patterns over the near and medium terms in response to
various contemplated information dissemination strategies.

10. Must provide routing information to guide travelers through the network.

11. Must have the ability to model both freeway and surface street traffic.

12. Must be well documented.

In this evaluation study, the most desirable model would encompass all the above

criteria. However, some of the features, although desirable, can be consideredA optional

while others are strictly essential. In Table 2, the criteria are rated based on their relative

importance.
Table 2. Ratings for In-Depth Evaluation Criteria
# | Criterion Importance Rtg
1 | Model Traffic Devices gk
2 | Imitate Traffic Device Function * ok

3 | Realistic Reflection of Driver Behavior and Vehicle Interaction | ****

4 |High Level Modeling of Traffic Flow s
5 | Simulate Variability of Traffic Demand A
6 | Evaluation of Control Strategies Ak S
7 | Interface With Other Control Algorithms of ITS Applications EEXE
8 |Reliable Estimates of Network Traftic Conditions s

9 | Provide Routing Information to Travelers in Network FrEL
10 | Model both Freeway and Surface Street Traffic KExR
11 | Obtainable by Public S

12 | Well Documented o




CHAPTER 4

EVALUATION RESULTS AND DISCUSSION

Initial Screening Results

describes main characteristics of each simulation model followed by a summary of the

This section will first classify all simulation models identified. Then it briefly

models selected as a result of the initial screening.

Classification of Simulation Models

mesocscopic models. They can also be classified according to the nature of the network
that they can be applied to ie. signalized networks, freeway networks, integrated
networks or specific purposes (Electronic Toll Collection, etc.). An initial review of all

traffic simulation models that were identified for this research has resulted in the

Traffic simulation models can be classified as either microscopic, macroscopic or

following list of classifications (Tables 3-5).

Table 3. Microscopic Models

18

1 | AIMSUN2 Universitat Politechnica de Catalunya, Barcelona, | Integrated
Spain

2 | ANATOLL ISIS and Centre d’Etudes Techniques de BElC
’Equipment, France

3 | ARCADY2 Department of Transport, UK Signal

4 | AUTOBAHN | Benz Consult — GMBH, France Freeway

5 | AVENUE Tokyo Metropolitan University, Japan Signal

6 CARSIM No available information Signal
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7  CASIMIR Institut National de Recherche sur lis Transports et Signal
la Securite,France

8 | CONTRAM TRL and Mott McDonald Integrated

9 | CORSIM Federal Highway Administration (FHWA), USA Integrated

10 | DRACULA Institut for Transport Studies, University of Leeds, | Integrated
UK

11 | FEXYTH Ministry of Transport, Netherlands Signal

12 | FOSIM No Available Data Freeway

13 | FREEVU- University of Waterloo, Dept. of Civil Freeway
Engineering, Canada

14 | FRESIM FHWA, USA Freeway

15 | HIPERTRANS | European Commission DGIV (In Development), Signal
UK

16 | HUTSIM Helsinki University of Technology, Finland Signal

17 | ICARUS Elsevier Company, Amsterdam Integrated

18 | INTEGRATIO | Queens University, Transport Research Group, Integrated

N Canada

19 | INTRAS Federal Highway Administration, USA Signal

20 | JAM No Available Data

21 | MELROSE Mitsubishi Electric Corporation, Japan Integrated

22 | METROPOLI | Universite de Cergy-Pontoise, France Freeway

S

23 | MICROSIM Centre if Parallel Computing (ZPR), University of | Signal
Cologne, Germany

24 | MICSTRAN National Research Institute of Police Science, Signal
Japan

25 | MIMIC Automotive Automation Limited, UK Safety

26 | MITSIM Massachusetts Institute of Technology, USA Integrated

27 § MIXIC Netherlands Organisation for Applied Scientific, Freeway
Netherlands

28 | NEMIS Mizar Automazione, Turin Integrated

29 | NETSIM Federal Highway Administration, USA Integrated

30 OLSIM University of Duisberg, Germany Freeway

31 | PADSIM Nottingham Trent University, UK Freeway

32 | PARAMICS The Edinburgh Parallel Computing Centre and Integrated
Quadstone Ltd., UK

33 { PELOPS Institut fur Kraftfahwesen Aachen, Germany Integrated

34 | PHAROS Institut for Simulation and Training, USA Signal

35 | PLANSIM-T | Centre of Parallel Computing (ZPR), University of | Freeway
Cologne, France

36 | ROADSIM FHWA, USA Rural

37 | SATURN Institute for Transport Studies, University of Integrated
Leeds, UK

38 | SHIVA Robotics Institute — CMU, USA Other
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39 SIGSIM University of Newcastle, UK Signal
40 | SIMCO2 Technical University of Aachen, Germany Freeway
41 | SIMDAC ONERA Centre d’Etudes et de Recherche de Freeway
Toulouse, France
42 | SIMNET Technical University of Berlin, Germany Freeway
43 | SIMTRAFFIC | Trafficware, The Traffic Signal Software Signal
Cl Company, USA
44 | SISTM Transport Research Laboratory, Crowthorne, UK | Freeway
45 | SITRA-B+ ONERA Centre d’Etudes et de Recherche de Integrated
Toulouse, France
46 | SITRAS University of New South Wales,, Wales Integrated
47 | SMARTAHS | University of California Berkley, USA Unknown
48 | SMARTPATH | University of California Berkley, USA Freeway
49 | SOUND University of Tokyo, Japan Integrated
50 | SPEACS Prometheus Program, UK Freeway
51} STEER Network Control Group at University of York, UK | Freeway
52 | STREETSIM Not Available Signal
53 | TEXAS University Of Texas, USA Signal
54 | TEXSIM Texas Transportation Institute, USA Signal
55 | TRAFFICQ MVA, USA Signal
56 | TRANSIMS Los Alamos National Laboratory, USA Freeway
57 | TRGMSM J. Wu and M. McDonald, USA ERT
58 | TRITRAM CSRIO and Roads and Traffic Authority of New
South Wales, Wales Freeway
59 | THOREAU MITRE Corporation, USA Integrated
60 | UTSS Hong-Cha University, China
61 | VEDENS AEA Technology, USA Signal
63 | VISSIM PTV System Software and Consulting GMBH, Integrated
. France
64 | WATSIM KLD Associates, USA Integrated
65 | WEAVSIM FHWA, USA Integrated
Table 4. Macroscopic Models
66 | ARTWORK No Available Data Traffic
Safety
67 | AUTOS Georgia Tech Research Institute, USA Freeway
68 | CORFLO Federal Highway Administration, USA Integrated
69 | FREFLO Federal Highway Administration, USA Freeway
70 | FRED No Available Data Freeway
71 | KRONOS No Available Data Unknown
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72  METACOR No Available Data Unknown

73 | METANET Technical University of Munich, Germany Freeway

74 | NETFLO 1 FHWA, USA Signal

75 | NETFLO 2 FHWA, USA Signal

76 | NETVACI No Available Data Unknown

77 | PASSER-II Texas Transportation Institute (TTI), USA Signal

78 | PASSER-IV TTI, USA Signal

79 | TRANSYT-7F | FHWA, USA Signal

80 | TRANSYT/10 | MVA, USA Signal

81 | TEXAS University of Texas, USA Signal
Table 5. Mesocopic Models

82 | DYNAMIT Massachusetts Institute of Technology, USA Integrated

83 | DYNEMO Innovative Concepts, USA Integrated

84 | DYNASMART | University of Texas at Austin, USA Integrated
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Descriptions of Simulation Models

The purpose of the brief descriptions of traffic simulation models in this section is to
identify those models that should be held for in-depth evaluation based on the criteria
established in chapter 3. These models will be the basis of the initial and in-depth
evaluations upon which final recommendations will be made with regard to traffic

simulation model functionality for ITS application in the industry.

Descriptions of Microscopic Simulation Models

AIMSUN?2

AIMSUN2 (Advanced Interactive Microscopic Simulator for Urban and Non-urban
Networks) developed by J. Barcelo and J.L. Ferrer at the Polytechnic University of
Catalunya in Barcelona, is a software tool capable of reproducing real traffic conditions
in an urban network which may contain both expressways and arterial routes The
behavior of every single vehicle is continuously modeled throughout the simulation
according to several driver behavior models (car following, lane changing, gap
acceptance). AIMSUN2 provides detailed statistical output: flows, speeds, travel times,
etc., which may be presented as printouts or plots. Due to the detailed modeling of each
vehicle in the network AIMSUN2 can simulate any kind of measurable traffic detector:
counts, occupancy and speed. It provides very detailed modeling of the traffic network by
simulation of some elements of the transportation system such as vehicles, detectors, and
other elements such as traffic lights and entrance points. AIMSUN2 distinguishes
between different types of vehicles and drivers; it can deal with a wide range if network

geometries; it can also model incidents, conflicting maneuvers, etc. Recently, as part of a
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DGVII funded project, AIMSUN2 has been linked to the UK SCOOT UTC system. In
this real-world application AIMSUN2 passed details of traffic flow to SCOOT and
utilized the information that was returned to it from the analysis. AIMSUN2 started as a
research product but recently became a commercial product (Algers, et al., 1997).
ANATOLL

A prototype (not yet commercial), developed by the ISIS Company in France, is a
microscopic simulator used to predict traffic queues at tollbooths. Each vehicle is given
an arrival time, a payment type, and service time-change from one queue to anpther is
allowed (Algers, et al., 1997).

ARCADY2, PICADY and OSCADY

Developed by the MVA Group Ltd. ARCADY for roundabouts, PICADY for
priority intersections and OSCADY for signalized intersections are all used in testing
design options for new junctions and modifications to existing ones. All three programs
enable estimates of capacities, queues and delays to be made and facilitate examination of
the effects of changes in routing patterns, following highway improvements. Capacity
formulas are based on UK traffic conditions. However, right-hand rule of road can be
accommodated in the modeling. These models are available to the public (McTrans,
1996).

AUTOBAHN

Developed by Benz Consult GMBH in Germany, the objective of AUTOBAHN is
to investigate the effects of ITS measures on traffic flow and to investigate the effects of
traffic on intelligent vehicles. AUTOBAHN uses a psycho-physiological spacing model.

Arbitrary behavior of drivers and systems can be included and assigned to variable
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amounts of vehicles. At this time no limitations on the size of network have been
discovered because a limit has never been reached. This model is only used for
consulting purposes (Algers, et al., 1997).
AVENUE

AVEN[jE (Advanced & Visual Evaluator for road Networks in Urban arEas),
incorporates a route choice model and a traffic flow model that can reproduce over-
saturated conditions on road networks. The features of AVENUE have been developed
based on the OOP (object-oriented programming), which affords flexible modifications
to user's requirements and graphical environment for easy operations. The effectiveness
of the simulation model "AVENUE" has been validated by comparing the traveling time
computed with the value observed on the arterial streets. AVENUE is in development at
the University of Tokyo (University of Tokyo, 1999).
CARSIM

A CAR-following SIMulation model, CARSIM, is used to simulate not only
normal traffic flow but also stop-and-go conditions on freeways. It is microscopic in
nature. The features of CARSIM include:

1. Marginally safe spacing are provided for all vehicles,

£

Start-up delays of vehicles are taken into account,

3. Reaction times of drivers are randomly generated,

4. Shorter reaction times are assigned at higher densities, and

5. Dual behavior of traffic in congested and non-congested conditions is

taken into account in developing the car following logic of this model .
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CASIMIR

This model is used to simulate on a personal computer the operation of a traffic
signal at an isolated intersection to evaluate the energetic efficiency of several control
algorithms. CASIMIR is derived from INRET’s microscopic vehicle simulation model
SIMIR. It has a simple human interface, enabling the user to choose the intersection
geometry and set various parameters. CASIMIR has an object-oriented programming
approach and- is written in the MODULA 2 language. Simon Cohen of INRETS
Corporation in France designed the model in 1991. At this time it is no longer maintained
by INRETS (Algers, et al., 1999).
CONTRAM

CONTRAM (CONtinous TRaffic Assignment Model) was originally developed
by TRL in the late 1970’s. Since then it has been continuously developed over the years
culminating in version 5 being released in 1988. CONTRAM is ideally suited to
addressing the needs of increasing congestion by modeling congestion over longer time
periods, larger areas with more complex travel behavior as well as the effects of measures
such as route guidance. It is capable of representing time varying network conditions. UC
Irvine in the city of Anaheim has used it only as an assignment tool, and by UC Berkeley
in exploratory simulation of the Los Angeles Santa Monica freeway. A new version 7 has
recently been developed jointly by TRL and Mott MacDonald. This model retains the
features of CONTRAM 5 while radically overhauling the program and geographical
interface to provide much greater flexibility in using the model. CONTRAM 7 has been

designed to run under Windows 95/98 and NT on a 32-bit platform (TRL, 1999).
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CORSIM

CORSIM developed by the FHWA is the first windows based version of a traffic
simulation model. It integrates the existing NETSIM and FRESIM models. CORSIM is a
microscopic stochasttic traffic simulation model that can realistically represent the real
world dynamic &trafﬁc environment. It models four different types of on-ramp freeway
metering (clock-time, demand/capacity, speed control and gap acceptance merge control).
CORSIM hasthe most sophisticated car-following and lane-changing logic to simulate
vehicle movements on a second-by-second basic. CORSIM has recently been released as
a commercial product by the FHWA (FHWA, 1999).
DRACULA

DRACULA is an urban traffic assignment model. The major difference from
conventional approaches is that DRACULA models the day-to-day evolution of traffic
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