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Abstract— One emerging, new type of ad-hoc network is the ~ One of the most important parameters in simulating ad-
Vehicular Ad-Hoc Network (VANET), in which vehicles constitute  hoc networks is the node mobility. It is important to use a
the mobile nodes in the network. Due to the prohibitive cost te5|istic mobility model so that results from the simulatio

of deploying and implementing such a system in real world,
most research in VANET relies on simulations for evaluation A correctly reflect the real-world performance of a VANET. A

key component for VANET simulations is a realistic vehicula ~realistic mobility model should consist of a realistic téggi-
mobility model that ensures conclusions drawn from simulaion  cal map which reflect different densities of roads and défifer
experiments will carry through to real deployments. In thiswork,  categories of streets with various speed limits. Another im
we introduce a tool MOVE that allows users to rapidly generaé 4 tant parameter should be modeled is the obstacles. In the
realistic mobility models for VANET simulations. MOVE is . . . .

built on top of an open source micro-traffic simulator SUMO. rea_l world, a vehicle node_ls. typically constrained _to ssee
The output of MOVE is a realistic mobility model and can Which are separated by buildings, trees or other objectsh Su
be immediately used by popular network simulators such as obstructions often increase the average distance betvozkasn
ns-2 and qualnet. We evaluate and compare ad-hoc routing as compared to an open-field environment. In addition, each

performance for vehicular nodes using MOVE to that using the - yapjicle needs to decide a turning directions at the intéirsec
random waypoint model. We show that the simulation results t left t iaht traiaht). Such turni
obtained when nodes moving according to a realistic mobift (€-9- turn left, turn right or go straight). Such a turning
model is significantly different from that of the commonly used model could have an effect on the congestion of the road as

random waypoint model. well as the clustering of the vehicles. Furthermore, a sinoot
Index Terms—VANET, Mobility, Simulation deceleration and acceleration model should be considered
since vehicles do not abruptly break and move. Many prior

I. INTRODUCTION studies [7], [8] have shown that a realistic mobility model

with sufficient level of details is critical for accurate weirk

Vehicular Ad-Hoc Network (VANET) communication hassimulation results.
recently become an increasingly popular research topic inThe time-consuming process from collecting traces, ana-
the area of wireless networking as well as the automotilgzing the data to finally generating and implementing medel
industries. The goal of VANET research is to develop @éan make some research obsolete before it is finished. In this
vehicular communication system to enable quick and costerk, we develop a tool MOVE (MObility model generator
efficient distribution of data for the benefit of passengergdr VEhicular networks) to facilitate users to rapidly gesmte
safety and comfort. realistic mobility models for VANET simulations. Our tool

While it is crucial to test and evaluate protocol impleMOVE is built on top of an open source micro-traffic simulator
mentations in a real world environment, simulations ark stSUMO [9]. The output of MOVE is a mobility trace file that
commonly used as a first step in the protocol development fowntains information of realistic vehicle movements whieim
VANET research. Several communication networking simipe immediately used by popular simulation tools such as ns-2
lation tools already exist to provide a platform to test andr qualnet. MOVE allows users to rapidly generate realistic
evaluate network protocols, such ns-2 [1], OPNET [2] andANET mobility models in two aspects:- by interfacing with
Qualnet [3]. However, these tool are designed to provideal world map databases such as TIGER [10] and Google
generic simulation scenarios without being particulady t Earth, MOVE allows user to conveniently incorporate relis
lored for applications in the transportation environmédh road maps into the simulation. In addition, by providing a
the other hand, in the transportation arena, simulatione haet of Graphical User Interfaces that automate the sinoulati
also played an important role. A variety of simulation toolscript generation, MOVE allows the user to quickly generate
such as PARAMICS [4], CORSIM [5] and VISSIM [6] etcrealistic simulation scenarios without the hassle of wgti
have been developed to analyze transportation scenaribs atsimulation scripts as well as learning about the intern#ditie
micro- and macro-scale levels. However, there was litleref of the simulator. The architecture of MOVE is shown in shown
in integrating communication techniques and scenarios iniraFigure 1.
realistic transportation simulation environment. The rest of this paper is structured as follows. In Section |l



we describe the architecture and implementation of MOVI
We evaluate MOVE by comparing the mobility models ger
erated by MOVE to the commonly used Random Waypoil
Model in Section Ill. We provide related work in Section IV.

Finally, conclusions and future work are presented in Se SUMO & Google Earth NS§2
tion V.
Road map
Il. ARCHITECTURE generation _
_ _ . ; NS$2 code
MOVE is currently implemented in Java and runs atop & . \ sonstator

open-source micro-traffic simulator SUMO. MOVE consist
of two main components: the Map Editor and the Vehicl
Movement Editor, as shown in Figure 2. The Map Editor i
used to create the road topology. Currently our impleme Mobility trace generation Communication generation
tation provides three different ways to create the road m
— the map can be manually created by the user, genera
automatically, or imported from existing real world maps
such as publicly available TIGER (Topologically Integihte
GEographic Encoding and Referencing) database from U.S.
Census Bureau [10]. The Vehicle Movement Editor allows the

user to specify the trips of vehicles and the route that eaghh js a tool that enables its user to view the satellitegina
vehicle will take for one particular trip. We currently SWsp  ap of any place on earth. One of the functionality that Geogl
three dl_fferent methods to define the vehicle movementsgy i provides is called “placemark” which allows the user t
the vehicle movement patterns can be manually created gm a mark on any location of the Google Earth map. Each

the user, generated automatically, or specified based 08 a Bl cemark contains the longitude and latitude informatién
time table to simulate the movements of public transpantesti the selected locations and can be saved into a file in KML

The information users input in the Map Editor and the Vehiclg, 4t [12]. Hence, one can define thode location on

Movement Editor is then fed into SUMO to generate g Google map and then extract the node information by
mobility trace which which can be immediately used by 8ocessing the saved KML file. This allows MOVE users to
simulation tool such as ns-2 or qualnet to simulate realistjenerate a map for any real-world road on earth for their
vehicle movements. Users can a‘I‘sc_> visualize ”the generagﬁqulations. Figure 6 shows an example of using Google Earth
mobility trace by clicking on the “Visualization” button on, generate nodes for the major intersections in the Eastern
the main menu, as shown in Figure 3. Suburb of Sydney.

One of th? major ove_rheaq before one can start conductingrpe roaq map can also be generated automatically without
research using simulations is to learn about the internal c(ifny user input. Three types of random maps are currently
tails of the simulator and write customized simulator-$fiec 5, 5ijaple: grid, spider and random networks. There are some

scripts to generate various simulation scenarios for thearch parameters associated with different types of random maps
problem under study [11]. To reduce such an overhead, MO\ch a5 number of grids and the number of spider arms and

a'sF’ provides an interface to automatically generate gﬁm_ circles. Finally, one can also generate a realistic map by im
scripts on the fly based on the parameters that the user injiiging real world maps from publicly available database. W
into MOVE. We currently support auto-generation of ns-2 ang,rently support the TIGER maps which are available from
quainet simulation scripts, as shown in Figure 4. U.S. Census Bureau. Figure 7 shows a grid map generated
A. MAP Editor from the random map generator and a street map in the

Houston area based on a TIGER database file.
In MOVE, the road map can be generated manually, auto-

mgtlcally or imported from. a real world map. Ma_nual 9enels \ohicle Movement Editor
ation of the map requires inputs of two types of information,
nodes and edges. A "node” is one particular point on the mapThe movements of vehicles can be generated automatically
which can be either a junction or the dead end of the roads. manually using the Vehicle Movement Editor. To generate
Furthermore, the junction nodes can be either normal roaehicle movement automatically, one needs to first define a
junctions or traffic lights. The edge is the road that conmiectehicle flow which describes a fleet of vehicles toward the
two points (nodes) on a map. The attributes associated wi#me direction. The parameters of edldw consist of the
an edge include speed limit, number of lanes, the road priorstarting road and destination of the flow, the time to stad an
and the road length. Figure 5 shows snapshots of nodes edéind the flow, the number of vehicles in the flow and the inter-
and edge editor. departure time of the vehicle originating from the startingd.

We have also integrated Google Earth into MOVE tin addition, a MOVE user can define the probability of turning
facilitate the creation of nodes in a realistic setting. Gleo to different directions at each junction (e.g. 0.5 to turft, I&.3

generation

Fig. 1. The architecture of MOVE
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to turn right and 0.2 to go straight) in the editor. Figure)8(aa maximum speed of zero in the Vehicle Movement Editor.
shows a snhapshot of the Flow definition Editor. On-board communication has recently become an increas-
One can also generate vehicle movement manually usimgly popular research topic. A new paradigm étworks

the Vehicle Movement Editor which allows users to specifin Motion is quickly attracting interest from the research
several properties of vehicle routes including the numbier community and is also being viewed as a viable commercial
vehicles in a particular route, vehicle departure timegiari solution for extending Internet services to public transpo
and destination of the vehicle, duration of the trip, vehpassengers. MOVE allows users to enter the bus time table
cle speed (including acceleration, deceleration and maxim to simulate the movements of public transport. We model the
speed), etc. Figure 8(b) shows a snapshot of the Vehicle Mobeis as one type of vehicle which has similar parameters, such
ment Editor. Note that, in addition to simulating vehicte-t as speeds, routes, etc, associated with it as other vehicles
vehicle communication, our tool is also useful for simwa In addition, one needs to define the departure times of the
of vehicle-to-infrastructure (e.g. the communicationwestn first and the last bus and the bus inter-arrival time (which is
mobile nodes and road-side static gateway nodes). A stagsumed to be constant in our implementation) to simulate th
node can be created in MOVE by assigning the vehicle witlus time table. Figure 9 shows the editor for entering the bus



(a) A grid map (b) A random map (c) A real world map

Fig. 7. Road Map generation using the Map Editor
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route information. The propagation model employed in the simulation is the log

normal shadowing model. We used a path loss exponent 2.56
with standard deviation 4.0 based on real-world measuremen
In this section, we evaluate the impact of mobility modeldata from an inter-vehicle experiment we previously carrie
generated by MOVE on the performance of ad-hoc routir@ut in Sydney suburban area. The road topology generated by

protocol. We compare the performance of AODV [13] wheMOVE is based on the TIGER database data.

used with the random waypoint model to that using the MOVE Figure 10 shows the packet delivery ratio of AODV with

mobility model. different number of traffic sources. Each data point reprisse
The simulation experiments were carried out in ns-2. Eatihe average of six runs and the error bars represent the range

simulation lasts for 900 seconds. We generated scenanios dbobserved packet delivery ratios. Overall, the packetds}

150 nodes moving in an area of 4 square kilometres. We variedios increase as the number of traffic sources increases,

the number of source nodes from 10 to 50, each of whichwhich suggest a higher density of nodes can increase the

a CBR traffic source transmitting UDP packets of a size G#etwork performance as long as the increasing density does

bytes at the rate of 4 packets per second. All nodes use 802nbt create more radio interference. In addition, the packet

MAC operating at 2Mbps. The transmission range is 250mdelivery ratios of AODV when using MOVE mobility models

I1l. EVALUATION
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are lower than when using Random Waypoint model and ha
larger variations. The larger variance in MOVE data poing
is possibly due to unstable network connectivity imposess Ramsamnamseetiﬂd@:’
by constrained node movements by roads and traffic cont| g S 2 ®
mechanisms (such as traffic lights). Figure 10 clearly shoes
that the simulation results using a more realistic mobilif : ":"‘;;00316‘
model can be drastically different from that using a sintjulis EEETEREERTEEE: : e
open field model. Note that our results are also consisteht wi
prior work [14].

o
o Sutherland

Fig. 6. Generating realistic map using Google Earth

IV. RELATED WORK wireless simulations. STRAW contains simulation tools for

Groovesim [15] is a topography-accurate street-map basgeherating mobility models and traffic models and is also
vehicle network simulator and is based on GrooveNet, able to use real street maps like TIGER data to build the
geographic routing protocol for vehicular networks. It proroad topology. However, currently the mobility models can b
vides several different modes of operation. In Drive Modaupported by STRAW is limited. For example, while STRAW
GrooveSim can process data from a GPS unit to providesapports multiple lanes, the vehicles are not allowed tmgha
real-time map of the vehicle’s current location. It can al& lane and the starting position is not configurable. Another
used as an emulator in Hybrid Simulation Mode where redfawback of this tool is its dependency on SWANS. Finally,
vehicles on the road and virtual vehicles in the simulatian c STRAW does not provide any GUI that allows the users to
interact with each other. Groovesim also provides a tool fersualize the movements of cars.
analyzing the simulation results. One limitation of Grogsive BonnMotion [17] is a simple tool that can be used to
is that it is strongly tied to one specific routing protocok(i create and analyses mobility scenarios. Similar to MOVE, th
GrooveNet), which limits its use for simulating other ragti mobility scenarios created by BonnMotion can be exported to
protocols in a VANET environment. In addition, GrooveSinms-2 and qualnet. However, BonnMotion only models basic
does not provide mobility traces for network simulators.  motion constraints and does not consider any micro-mgbilit

STRAW [14] is an extension of SWANS (Scalable WirelesBurthermore, BonnMotion is a text-based application thasr
Ad Hoc Network Simulator) [16], a Java-based simulator favn a command shell and does not provide any graphical user



File Help
Bus Timetable Editor

Select Bus Route Bus Characteristic

implementation, the movements of vehicles are based on
static configurations defined in the Vehicle Movement Editor
In other words, the mobility model is first generated offelin
and then used by a network simulator like ns-2. In the next
version of our software, we plan to build an interface to
tightly integrate SUMO and ns-2. Such an interface will
allow that vehicle state information (such as location,eshe
direction, etc) can be fed into ns-2 in real time. Hence,rdyri
the simulation the vehicles can dynamically adjust their
routes based on different traffic scenarios and commupitati
techniques employed.

route-400 - route path ! maximum speed 700 mis
! anzac-pie -
high-street acceleration 0.8 mis
Insert new route avpca-sireet decceleration 45 | mis
route-396 | Add
Remove selected route
| Remove | |
Add Path
Remove Path
Bus Timetable
timetable id route departure (hh.mm) last departure (hh:mm) period {ming)
(4na-maorning route-400 05:00 210 5
|400-noon [route-40d 1215 1525 10
306-moming [route-396 05:00 12:10 5
5l (1]
Add Timetahle [2]
(3]
Remove Timetable [4]
. . [5]
Fig. 9. Bus route generation [6]
(7]
60 T T T
S 50 //_ [8]
o + B
5 40 F ‘ |
ﬂ? 30 ‘ P s
s e . [9]
e 20fF 7 i R [10]
5} ; 4
]
§ 10 _ . [11]
Random Waypoint
0 . . MOVE — [12]
10 20 30 40 50 [13]
number of traffic sources
[14]
Fig. 10. Comparison between Random Waypoint and model gtteby
MOVE
[15]

interfaces as MOVE does.

Complementary to these previous efforts, our work empha-
sizes on creating a tool that allows users to rapidly gesergis)
realistic mobility models for VANET simulations.

V. CONCLUSION AND FUTURE WORK (7]

In this paper, we describe our initial efforts in implementi
a tool MOVE which is based on an open source micro-traffic
simulator SUMO. MOVE allows user to quickly generate
realistic mobility models for vehicular network simulat®
In addition, MOVE provides an interface to automatically
generate simulation scripts for ns-2 and qualnet. Finally,
show that the simulation results using MOVE is significantly
different from that using the commonly used random waypoint
model.

We have made MOVE publicly available and
can be downloaded via the following URL -
http://www.cse.unsw.edu.au/ klan/move/. Our next step

is to use this tool to understand the effect of level of dstail
(such as traffic light, stop sign, speed limit, road congesti
etc) in the context of VANET simulation. In our current
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