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ABSTRACT

In this paper, we present and describe VanetMobiSim, a gener
tor of realistic vehicular movement traces for telecomroation
networks simulators. VanetMobiSim mobility descriptianvali-
dated by illustrating how the interaction between featurextro-
and micro-mobility is able to reproduce typical phenomeheaeo
hicular traffic.

Categories and Subject Descriptors

1.6.8 [Simulation and Modeling]: Types of Simulation—Biscrete
event and visual; 1.6.5 [Simulation and Modeling]: Model Devel-
opment; 1.6.6 imulation Output Analysis]

General Terms
Design, Performance
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1. INTRODUCTION

Vehicular Ad-hoc Networks (VANETS) represent a rapidly egie
ing, particularly challenging class of Mobile Ad Hoc Netwer
(MANETS). VANETS are distributed, self-organizing comnax
tion networks built up by moving vehicles, and are thus cttara
ized by very high mobility of nodes and limited degrees oéttem
in nodes movement patterns.

A critical aspect, when studying VANETS, is the need for a mo-
bility model which reflects, as close as possible, the relzbier of
vehicular traffic. It would be desirable for a trustworthy NETs
simulation that both macro-mobility (road topology, strelearac-
terization, car class dependent constraints, traffic sigtts) and
micro-mobility (car-to-car interactions, car-to-roatdractions, ac-
celeration and deceleration, overtaking, etc.) desorigtbe jointly
considered in modeling vehicular movements.

Nevertheless, many non-specific mobility models employed i
VANETS simulations ignore these guidelines, and thus daiépro-
duce peculiar aspects of vehicular motion, such as careratign
and deceleration in presence of nearby vehicles, queuitngdtin-
tersections, clustering caused by semaphores, vehicutgiestion
and traffic jams.
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2. VANETMOBISIM

VanetMobiSim [1] is an extension to CanuMobiSim [2], a gémer
user mobility simulator. CanuMobiSim provides an efficient, eas-
ily extensible mobility architecture, but due to its gergrarpose
nature, suffers from a reduced level of detail in specifinacies.
VanetMobiSim is therefore aimed at extending the vehicoiar
bility support of CanuMobiSim to a higher degree of realisim.
the following, for reasons of space, we are only listing thgioal
additions introduced by VanetMobiSim, but it is to note tta
complete tool integrates all of the CanuMobiSim featuresyipl-
ing a very wide set of possibilities in simulating vehicutaobility.

2.1 Macro-mobility Features

In VanetMobisim, macro-mobility takes into account thedoa
topology, the road structure (unidirectional or bidireotl, single-
or multi-lane), the road characteristics (speed limithjele classes
restrictions) and the presence of traffic signs (stop signadfic
lights, etc.). Moreover, the concept of macro-mobilitycatscludes
the effects of the presence of points of interests, whicluémfte
movement patterns of vehicles on the road topology.

VanetMobiSim enhances CanuMobiSim allowing to define the
road topology in the following novel ways:

e TIGER map: the road topology is extracted from a map of
the TIGER database [3].

e Clustered Voronoi graph: the road topology is randomly gen-
erated by creating a Voronoi tessellation on a set of non-
uniformly distributed points. This creates fast and config-
urable random graphs, yet reflecting the non-uniform distri
bution of obstacles in an urban area.

The concept of vehicular macro-mobility is not limited totioo
constraints obtained from graph-based mobility, but atetudes
all aspects related to the road structure characterizati@netMo-
biSim therefore also contains:

e Physical separation of opposite traffic flows on each road.
e Introduction of roads with multiple lanes in each direction
e Speed constraints on each road segment.

e Implementation of traffic signs at each road intersection.

2.2 Micro-Mobility Features

The concept of vehicular micro-mobility includes all asjsee-
lated to an individual car’s speed and acceleration mogelin

VanetMobiSim adds two original microscopic mobility moslel
in order to include the management of intersections regdlaty
traffic signs and of roads with multiple lanes.
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Figure 1: Vehicular density: IDM-IM with stop signs Figure 3: Vehicular density shock waves
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Figure 2: Vehicular density: IDM-IM with traffic lights Figure 4: Vehicular speed shock waves
e Intelligent Driver Model with I ntersection Management (IDM- is improved with respect to the stop sign case, especialieirse
IM) adds intersection handling capabilities to the behagfo scenarios.
vehicles driven by the IDM [4]. In particular, IDM-IM mod- Another validation test was performed by recreating a it
els two different intersection scenarios: a crossroadiatg fect of vehicular traffic. In Fig. 3, the shock waves produced
by stop signs, or a road junction ruled by traffic lights. vehicular density by a periodic perturbation are shown. sTk#

sult has been obtained with IDM-LC on a 1 km long, double lane,
straight road, with cars moving towards positive abscisaaé us-
ing a traffic light, located halfway and with a period of 36@s the
perturbation source.
It is possible to see that the high density shock wave prdpaga
3. VANETMOBISIM VALIDATION in the opposite direction with respect to movement of cartnas
Several tests were run on the vehicular movement traces pro-90€s on. The speed dynamics recorded during the same egpérim
duced by CanuMobiSim and VanetMobiSim, comparing outputs &€ depicted in Fig. 4, where the lower is the speed, the darke
obtained with the different microscopic mobility modelspile- is the plot. We can observe even better the queue pertunbatio
mented by these tools. Due to space limitations, we are aely p  'epresented by the dark, zero-speed area, propagatingsagze
senting results for IDM-IM and IDM-LC. For a more complete de  traffic flow direction in time.
scription of the simulation settings, results and compass please

refer to [1]. 4. CONCLUSIONS

The IDM-IM model has been tested on a user-defined graph rep-  |n, this paper we presented VanetMobiSim, an extension tarCan
resenting a square city section of 1500 m side. The roaddggol  \obiSim, capable of producing realistic vehicular mopilitaces
is deliberately simple, so that the analysis of the mobititydel is for several network simulators. We detailed the extensimoaght
easier and not biased by the complexity of the macroscojsicrie by VanetMohiSim in both macro- and micro mobility, and dis-
tion. Vehicles travel between entry/exit points at bordersssing cussed simulation results illustrating the distributiord alensity
the city section according to the shortest path to theiriiton. of vehicles. Our conclusion is that all the features inttliby
We present results in the case that intersections are teguty VanetMobiSim are necessary to reach a level of realism &iitic

stop signs or traffic lights. _ _ to confidently simulate VANETs mobility.
As shown in Fig. 1, the stop-ruled intersections case leads t

slow crossing of crowded intersections, and, consequentlpng
queues of vehicles in their neighborhoods. This also prbwasthe >. REF‘EARENCES
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