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ABSTRACT 
This paper describes the design of an intelligent traveler assistant 
(ITA) simulation environment capable of multi-modal traffic 
simulation in an ad hoc wireless network enabled environment.  
This hybrid platform integrates the traffic micro simulator 
VISSIM, the wireless network simulators SWANS, and a set of 
software ITA interfaces and services designed to model various 
applications.   

Categories and Subject Descriptors 
I.6.5 [Computing Methodologies]: Simulation and Modeling – 
Model Development, Modeling Methodologies 

General Terms 
Measurement, Design, Experimentation 

Keywords 
VANET, MANET, inter-vehicle communication, wireless ad hoc 
networks, traffic simulation, micro simulation, intelligent traveler 
assistant (ITA), multi-modal simulation, JIST, SWANS, STRAW, 
ns-2, Java. 

1. INTRODUCTION 
The intelligent traveler assistant (ITA) environment is best 
understood as the integration of a dynamic multi-modal 
transportation network, wireless communication, handheld and 
vehicular computing devices, and software services and 
applications that provide real-time access to transportation 
resources and facilitate the efficient coordination of activities.  
Real implementation of the ITA requires significant investment in 
transportation infrastructure, improvement to current wireless 
hardware devices, development of collaborative software systems, 
and integration of thousands of disparate transportations sensors.  
Given the prohibitive cost and logistics of implementing such an 
environment, the focus of this research is to provide a simulation 

platform for the rapid prototyping and analysis of the ITA using 
proven methods for simulation from the fields of wireless 
networking, transportation science and traffic modeling, and 
computer science. 

This paper describes the design of a hybrid simulation 
environment based on the network simulator SWANS, 
commercial transportation micro simulator VISSIM [17], and 
various software components designed for the study of vehicle-to-
vehicle (V2V), vehicle-to-person (V2P), and vehicle-to-
infrastructure (V2I) analyses.  The desire is to use this platform in 
ITA research to understand the transportation, economic, 
environmental, and societal impact of emerging transportation 
technologies, specifically the ITA.    

2. BACKGROUND 
Previous work on VANET simulation has focused on the 
development of integrated network and transportation simulation 
environment either through modification of and existing network 
of transportation simulator [7, 6, 2, 3, 4] or through hybridization 
of separate simulators into a common simulation platform [1, 5, 
8].   

Perhaps the most recent effort to augment a network simulator to 
perform transportation tasks is the STRAW project which builds 
upon the existing SWANS framework to provide a constrained 
movement environment such that transportation networks can be 
adequately modeled.  Although analysis [9] supports the maturity 
of the SWANS network simulator, the accuracy of the 
transportation model is left unproven [6, 7].  Furthermore, the 
difficulty  of configuring transportation-specific parameters within 
STRAW leaves its value as a tool for the transportation scientist 
in question.  The major advantage of the STRAW/SWANS 
project is the availability of complete source code for all 
components of the simulator and the continued development of 
new models and components to enhance the product.   

TraNS [3] builds upon the Network Simulator 2 (ns-2) [16] 
framework to provide transportation modeling in a VANET 
environment.  NCTUNS [2], like STRAW, attempts to build both 
a realistic transportation environment within a wireless 
communication platform.  Although these models provide a more 
realistic transportation network that STRAW, but they fail to 
provide an adequate platform for the verification of ITA models.   

Recent hybrid studies have focused on the integration of the 
commercial transportation micro simulator VISSIM [17] with the 
network simulator ns-2.  These studies benefit from proven 
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network and traffic models and provide a realistic platform for the 
modeling of VANET applications.     

2.1 Traffic Micro-Simulation 
A traffic simulation model is a computer program that uses 
mathematical models to conduct experiments with traffic events 
on a transportation system over extended periods of time [11] 
using either a discrete or continuous system. The state of the 
system in a discrete system is adjusted at discrete points while the 
state of the system in a continuous simulation varies constantly 
over time. Continuous simulation systems can characterize the 
traffic flow system more effectively, whereas discrete models 
typically allow better stepwise configuration and adjustment.  As 
with any simulation platform, high frequency discrete simulation 
is a sufficient approximation to continuous activity.   

Traffic simulation models can be roughly classified into three 
categories of macroscopic, mesoscopic, and microscopic, 
depending on the representation of the traffic flow in the model. 

Macroscopic simulation models take into account more of the 
system wide representation of the traffic flow and characteristics 
rather than individual vehicles. These models can be either 
deterministic or stochastic. Fundamental traffic speed flow 
relationships are utilized in these models to describe aggregate 
traffic condition at any given time.  TRANSYT, FREQ, and 
META are examples of such models. These models have limited 
applications in responding to changes in traffic condition.  

Mesoscopic models analyze platoons of vehicles and their 
characteristics as a single unit to study traffic flow. These models 
are capable of analyzing minor changes in the traffic condition 
over a short period of time. Examples of these models include 
DYNASMART, VISTA, SIMNET, and SATURN [13, 14, 15]. 

Microscopic models simulate the individual interaction of the 
vehicles and thus are more suitable for the simulation studies of 
traffic system. Developed generally based on traffic behavior 
theory, these models simulate the time-space trajectory of 
individual vehicles in the network. Microscopic models tend to be 
more flexible in which different classes of vehicles can be 
associated with different characteristics like speed, acceleration 
and driving characteristics. Moreover, the driver behavior, as in 
relaxed or more aggressive driver behavior, can also be simulated 
in this simulation platform.  

It has been shown that microscopic models can generate more 
accurate results (e.g., in terms of travel time, speed, delay, or 
queue length) compared to mesoscopic or macroscopic simulation 
models [12]. Unfortunately, these models are typically more 
difficult to calibrate since the underlying car-following and lane-
changing theories used in these models may not well represent 
real life driving behavior. Therefore, model calibration is an 
important task in this approach.  Common microscopic models 
include CORSIM [22], which is based on the older FRESIM and 
NETSIM models, AIMSUN2 [18], PARAMICS [21], 
TRANSIMS [19], MITSIM [20], and VISSIM [12].   

The popularity of micro-simulation models is due in part to the 
availability of rich application programming interfaces, discrete 
time step control, and powerful visualization engines (Figure 1).  
Many of these tools also provide users with the capability to 
record videos of running simulations for future playback.  The 

most powerful feature of microscopic traffic simulations, 
however, is their ability to efficiently model multi-modal 
transportation systems. 

2.2 Multi-Modal Simulation 
Multi-modal simulation involves the simulations of multiple types 
of transportation and their interaction.  Typical multi-modal 
traffic studies evaluate the effectiveness of transportation features 

when considering pedestrian, vehicle, and mass transit activity.  
Standard modes of transit available for study in micro simulation 
tools include individual vehicles, buses, trains, trams, pedestrians, 
wheelchairs, bicycles, and airplanes.  The systems used in this 
project, VISSIM, also allows a rich API which enables users to 
specify their own vehicle types and set vehicle parameters based 
on predefines features such as maximum speed, acceleration, 
number of passengers, or automobile color.   

2.3 Wireless Network Simulation 
Like traffic simulation, a number of environments exist for 
modeling the behavior of wireless ad hoc networks.  The most 
common of these models is the open source ns-2 [16], but various 
other simulators such as SWANS, Qualnet, and Opnet provide 
different capabilities with different usage considerations.  Each 
environment allows users to model standard network protocols 
such as IEEE 802.11, IEEE 802.16, or Bluetooth with various 
tradeoffs of configuration, scalability, and speed.      

The majority of existing micro simulation models consider the 
random node movements in a fixed field area.  This model is 
adequate for modeling worst-case movement scenarios in ad hoc 
wireless networks but has proven inadequate for the analysis of 
the constrained and somewhat predictive nature of transportation 
studies.  Attempts to build upon these network simulators to 
model inter-vehicle communication often fail to adequately model 
the interaction of vehicles with one another.  Car following and 
lane changing behavior is typically absent because the core design 
is the evaluation of wireless networks under linear movement 
constraints.  These models also typically do not provide the sensor 
and actuator control features that is available in most traffic 
simulations to allow transportation scientists to reconfigure live 
simulations.  Finally, multi-modal simulation on these platforms 
is typically not possible.  These restrictions leave the value of 
IVC research uncertain or difficult to understand. 

Figure 1: The VISSIM Micro-simulation Application 
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Although most recent research [1, 5, 8] focuses on the 
coordination of VISSIM and ns-2, this project will also attempt to 
integrate VISSIM with the SWANS wireless ad hoc network 
simulator.  Studies on SWANS [9] show it provides results 
comparable to ns-2 and may scale more efficiently.   

3. Architecture 
The architecture of the ITA simulator consists of the VISSIM 
application, SWANS simulator, and a coordinator application 
which maintain a single simulation time step between the two 
environments (Figure 2).  In addition, a framework will be built 
for the collection of data output from the combined environment 
such that various models may be quantitatively evaluated.  This 
model will follow the approaches of [1, 5, 8], but with a goal of 
modeling the coordination of multiple modes of transit rather than 
vehicular traffic only. 

 

VISSIM follows Microsoft Windows architecture and provides 
three methods for external control, a COM interface, an integrated 
scripting engine, and a set of external DLLs that allow developers 
to replace or modify various features of driver behavior.   

SWANS provides and open source Java framework with a light 
resource footprint and good scalability .  In addition to SWANS, 
ns-2 will also be studied as a possible alternate network simulator 
building upon the projects of [1, 5, 8], but the desire is to have a 
single platform system to avoid the overhead of network 
utilization.   

These applications will be coupled with a special purpose 
application to maintain the time steps between the two 
environments and provide state sharing such that the traffic model 
is updated with the results or network / ITA interaction and the 
network simulator maintains the most recent position and vector 
state of the traffic entities. 

4. Summary 
This paper discussed the initial design of an ITA simulation 
environment based upon proven simulation tools for ad hoc 
wireless communication and transportation studies.  The goal of 

this work and the ongoing project is to build a framework for the 
testing of coordinated traffic activities across multiple models of 
transportation for tasks such as ride sharing, multi-mode origin to 
destination mapping, and traffic prediction among others.   
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