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ABSTRACT

This paper describes the desigraafintelligent traveler assistant
(ITA) simulation environnent capable of niti-modal traffic
simulation in an ad hoc wirelessetwork enabled environment.
This hybrid platform integrates the traffic mro simulator
VISSIM, the wireless néwork simulators SWANS, and a set of
software ITA interfacesand grvices desgned to nodel various
applications.

Categories and Subject Descriptors
1.6.5 [Computing Methodologies]: Simulation and Modeling —
Model Development, Modeling Methodol ogies

General Terms
Measurement, Design, Experimentation

Keywords

VANET, MANET, inter-vehicle conmunication, wireless ad hoc
networks, traffic siralation, micro sirmulation, intelligenttraveler
assistan{ITA), multi-modal sinulation, JIST, SVANS, STRAW,
ns-2, Java.

1. INTRODUCTION

The intelligent traveler assistant (ITA) envirorent is best
understood as the integration a dynamic multi-modal

transportation network, wireless communication, handheld and

vehicular computing devicesand software services and
applications that provide real-tim acces to trangortation
resources and facilitate the efficient coordinatmactivities.
Realimplementation of the ITA rguires significant investment in
transportation infrastructure, provement to currentireless
hardware devices, developmeficollaboraive softwae systams,
and integration of thousands disparate transportations sensors.
Given the prohibitive cost and logistio$ implementing suchan
environment, the focus of thiss@archis to provide a simulation
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platform for the rapid protofyng and analsis of the ITA using
proven methods for simulatiofrom the fields of wireless
networking, transportatiorscience and traffic modeling, and
computer sience.

This paper describes the gign of a hybrid simulation
environment based on the network simulat&@WANS,
commercial transportationmicro simulator VISSIM [17] and
various softwareonmponents designed for the studfyvehicle-to-
vehicle (V2V), vehicle-to-pason (V2P), and vehicle-to-
infragructure (V2I) analges The deBe isto us thisplatformin
ITA research to understand ethtransportation, economic,
environnental, and acietal inpact of emerging transportation
technologies, specificallthe ITA.

2. BACKGROUND

Previous work on VANET simulatiorhas focusedon the
development of integrated neivk and transportation simulation
environment either through modifition of and existingetwork
of transportation simulatdi, 6, 2, 3, 4] or through Hyyidization
of separate siodators intoa common simulation platform [1, 5,
8].

Perhapsthe most recent effort to augment a netwoiknslator to
perform transportation tasks is the STRA@vYoject which builds
upon the existing SWANS framework twovide a constrained
movement environment such thetnsportation networks can be
adequatelynodeled. Althouglanaysis [9] supports the maturity
of the SWANS network $mulator, the accuracyof the
transportation model is left urgren [6, 7]. Furthermore, the
difficulty of configuring transpdation-specific paraeiers within
STRAW leavesits value asa toolfor the transportation scientist
in question. The major advantage of the STRAW/SWANS
project is the availabilityof conplete sourcecode for all
components of the simulator amige 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
environnent. NCTUNS [2] like STRAW, attenpts to buildboth
a realistic transportation enviromemt within a wireless
communication platform.Althoughthese models provide a more
realistic transportation networthat STRAW but they fail to
provide an adequate platform fibie verification of ITA models.

Recent hprid dudies have focwsl on the integratiorof the
conmercial transportation inero sirrulator VISSIM [17]with the
network simulator ns-2. These studies benefit from proven



network and traffic models and provideaealistic platform for the
modeling of VANET applications.

2.1 Traffic Micro-Simulation

A traffic simulation nmodel is acomputer program thatises
mathematical models to conductperiments with traffic events
on a transportation siem over extended periods of time [11]
using either a discrete or continuoussteyn. The state of the
systam in adisaete system is aljustal a disaete points whilethe
stateof the system in a continuous simulation varies constantly
over time. Continuoussimulation sgtems can characterize the
traffic flow system more effectively whereasdiscrete nodels
typically allow better stepwiseonfiguration and adjustment. As
with any simulation platform high frequencydiscrete simulation
is a sufficient approximation to continuous activity

Traffic simulation models can be roughlglassified into three
categories of macroscopic, swscopic, and microscopic,
depending on the representation & traffic flow in the nodel.

Macroscopic simulation modelsk&into account more of the
system wide repreentation of the traffic flow and characteiis
rather than individual vehiclesTheg modelscan be either
deterministic or stochasticFundamental traffic speed flow
relationships are utilized in thesmodels to describe aggregate
traffic condition at any given time. TRANSYT, FREQ, and
META areexanplesof such nodels. These modelsave limited
applications in responding to changes in traffic condition.

Mesoscopic models analg platoons of vehicles and their
characteriscs asa sngle unit to studytraffic flow. The® models
are capable of anaing minor changesn the traffic condition
over a short period of time. Exaphes of these models include
DYNASMART, VISTA, SIMNET, and SATURN [1314,15].

Microscopic models simulatéhe individual interaction of the
vehicles and thus are more shitafor the simulation studies of
traffic system. Developed generallyased ontraffic behavior
theory, thee2 models isnulate the time-gace trajectory of
individual vehicles in the networkicroscopicmodels tend to be
more flexible in which differentclases of vehicles can be
asociated with different charactertics like speed, acceleration
and driving characteristics. Moreover, the driver behavior, as in
relaxed or more aggressive driv@havior, can also be simulated
in this simulation platform

It has been showthat microsopic models can generate more
accurate rasts (e.g., in terrs of travel time, peed,delay, or
queue length) compared feesoscopic or macroscopic simulation
models [12] Unfortunately, these modelare typically more
difficult to calibrate since the undeihg car-following andane-
changingtheoriesused in the® modelsmay not well represnt
real life driving behavior. Thefore, model calibration is an
importanttask in this appach. Common microscopic models
include CORSIM [22] which isbased on the olddfRESIM and
NETSIM models, AIMSUN2 [18], PARAMICS [21],
TRANSIMS [19] MITSIM [20], and VISSIM [12]

The popularity of micro-simulation models is duepart to the
availability of rich application programing interfaces, discrete
time step control, and powerfulsualization engines (Figure 1).
Many of these tools also provide users with the capabitity
record videos of running simulations for futyslayback. The
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most powerful feature of microscopic traffic simulations,
however, is their ability to efficiently model multi-modal
transportdéion systems.

2.2 Multi-Modal Smulation

Multi-modal simulation involves the sinlations of nultiple types
of transportation and their interaction. pigal multi-modal
traffic studiesevaluate the effectivengsf trangortation features
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Figure 1: The VISSIM Micro-simulation Application

when considering pedestrian, vehicle, and mass transit activity
Standard modes of transit availalide studyin micro simulation
tools include individual vehicles, bes trains trans, pedegrians
wheelchairs bicycles and airplanes The gstems usd in this
project, VISSIM, al allows a rich APl which enableasers to
specify their own vehicle tges ad set vehicle parametebsased

on predefinesfeaturessuch as maximum speed, acceleration,
number of passengers, or automobile color.

2.3 Wireless Network Simulation

Like traffic simulation, a numbreof environments exist for
modeling the behavior of wirede ad hoc networks. The most
commonof these models is the apsource ns-2 [16put various
other simulators such as SWAN8Qualnet, andOpnet provide
different capabilities withdifferent usage considerations. Each
environmentallows users to model standard network protocols
such as IEEE 802.11, IEEE 802.16, or Bluetooth with various
tradeoffs of configuratiorscalability, and speed.

The majority of existing nicro sinulation nodels consider the
random nodemovements in a fixedield area. This model is
adequate for modeling worst-cas®mvement scenarios in dmbc
wireless networks but has proveradequate for thanalysis of
the constrained and somewhat predictive nabfiteansportation
studies. Attempts to build upothese network simulatorto
modelinter-vehicle comunicationoften fail to adequatelynodel
the interaction of vehicles witbne another. Car following and
lane changing behavior fgpically abent becausthecoredesgn

is the evaluation of wirelessetworks under linear movement
congraints These modelals typically do not provide the sensor
and actuator control featurdhat is available in most traffic
simulations to allow transportath scientists to reconfigure live
simulations. Finally multi-modal simulation on theseplatforms
is typically not posible. Theg regrictions leave the valuef
IVC research uncertain or difficult to understand.



Although nost recent research [1, 5, 8focuses on the this work andthe ongoing project is to build a framework for the

coordination of VISSIM and ns-2, this project will alstenpt to testing of coordinated traffic activitiecrossmultiple modelsof
integrate VISSIM with the SWANS wireless ad hoc network transportation for tasks such as ride shanngi-modeorigin to
simulator. Studies on SWAN®)] show it providesresults destination mapping, and traffprediction among others.

comparable to n® and nay scale nore efficiently.
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