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Abstract— A Vehicular Ad Hoc Network (VANET) is an . INTRODUCTION
instance of MANETS that establishes wireless connections
between cars. In VANETs, routing protocols and other  Vehicular Ad-hoc Networks (VANETS) represent a
techniques must be adapted to vehicular-specific capa-rapidly emerging, particularly challenging class of Mo-
bilities and requirements. As many previous works have pile Ad Hoc Networks (MANETS). VANETSs are dis-
shown, routing performance is greatly dependent to the i, taq  self-organizing communication networks built
availability and stability of wireless links, which makes t a . . .

up by moving vehicles, and are thus characterized by a

crucial parameter that should not be neglected in order to i o o
obtain accurate performance measurements in VANETs. Very high node mobility and limited degrees of freedom

Although routing protocols have already been analyzed in the mobility patterns. Hence, ad hoc rputing protppols
and compared in the past, simulations and comparisons must adapt continuously to these unreliable conditions,

have almost always been done considering random motionswhence the growing effort in the development of com-

with non-urban specific parameters. But what would be munication protocols which are specific to vehicular
the effects of urban motions on the simulation parame- pnetworks.
ters, and what would be their consequences on routing

One of the critical aspects when evaluating routing
performance?

_ _ o _ protocols for VANETs is the employment of mobil-
In this paper, we illustrate how realistic motion patterns ity models that reflect as closely as possible the real
affect the velocity and how new parameters become popayinr of vehicular traffic. Simple random models

necessary to evaluate the performance of routing proto- cannot describe vehicular mobility in a realistic wa
cols in VANETs. To express our point, we evaluate the y Y

performance of AODV with realistic urban scenarios. We since they ignore the peculiar aspects of vehicular traffic,
show how new urban specific parameters have significant SUch as cars acceleration and deceleration in presence

impacts on routing, and de-facto replace some non-urban Of nearby vehicles, queuing at roads intersections or
specific parameters. For example, the average velocity traffic bursts caused by traffic lights. All these situations
appears to be irrelevant in urban scenarios and should greatly affect the network performance, since they act
be replaced by road segment lengths. on network connectivity, which makes vehicular spe-
cific performance evaluations fundamental when study-
Index Terms— Simulation Parameters, Urban Environ- ing routing protocols for VANETS. Initial works [1], [2]
ment, Realistic Vehicular Mobility Models, AODV, Perfor- on performance evaluation were based only on random
mance, VANET. motions, such as random walk models, and lacked any
interaction between cars, generally referred naisro-
mobility. Following the recent interest in realistic mo-
#Institut Eureécom’s research is partially supported byrigustrial bility models for VANETS, new StUdle-S appeared (-)n
members: BMW Group Research & Technology - BMW Grou gerformance evaluations of VANETs in urban traffic

Company, Bouygues Télecom, Cisco Systems, Francecdiele, OF highway traffic conditions [3]1 [4]. AS these new
Hitachi Europe, SFR, Sharp, STMicroelectronics, Swisscbhales. models generates urban specific spatial and temporal



dependencies, the real mobility parameters differ from Il. RELATED WORK

the initial and controlled ones. Performance comparison _ -
may become unfair and arguable. Several studies non-specific to VANETs have been

ublished comparing the performance of routing pro-
i . der t luat i ocols. A )cols using different mobility models or performance
rameters in order to evajuale routing protocols. A Clpairics. one of the first comprehensive studies was done

cial parameter influen_cing the pgrformgnce of Vanets 6?/ the Monarch project [1]. This study compared AODV,
referred by the generic termobility. In simple models, %SDV, DSR and TORA and introduced some standard

Another critical aspect is to use the appropriate p

mob_lllt_y IS e.q.ual to vequly. However, on the eve o etrics that were then used in further studies of wireless
realistic mobility models, it becomes hard to understar? uting protocols. As they used random mobility models,

the real parameters controlling thisobility. However, the mobility parameter they used was simply fraise

no study has been done illustrating how realistic moti Me A paper by Das et al. [2] compared a larger number
patterns influence the mobility and other configuratio& protocols, yet only witr; traffic parameters

parameters. Another study [6] compared the same protocols as the

In this paper, our objective is to illustrate how rework by Broch et al. [1], yet for specific scenarios as
alistic urban motions reduce the effect of some stafhe authors understood that random mobility would not
dard evaluation metric, and how they generate ne$rrectly model realistic network behaviors.The authors
urban-specific performance parameters never descrilg®oduced a generimobility multi-parameter describing
in the past. In order to model realistic vehicular motiothe relative motion of the network, as a single parameter
patterns, we make use of théanetMobiSimtool we was not sufficient to describe complex mobility scenar-
previously developed (see [5]). This model is able fgs.
closely reflect spatial and temporal correlations betweenainough that the proactive OLSR protocol has been
cars, or between cars and urban obstacles. Notably, faeloped in 2002, very few studies compared it with
tool illustrates clustering effects obtained at inter&®#Gt other ad hoc network protocols. Clauset al. [7]
also commonly calledraffic jam or drastic speed de-eyajuated AODV, DSR and OLSR with parameters such
cays. Accordingly, it becomes possible to evaluate mogg yelocity or density andtraffic typeand rate.
realistically ad hoc routing performances for vehicular Following the developments started with scenarios-

networks. We configure VanetMobiSim to model urbag,qeq testing, it also became obvious that, as scenarios
environment, then evaluate the performance of AODV {}are able to alter protocol performances, so would

terms of(i) Packet Delivery Ratio (PDR) (ii) Delay (iil) regjistic node-to-node or node-to-environment correla-
Hop Count We test AODV in three different conditionsyjong This approach became recently more exciting as

(i) velocity (i) road segment length (i) cluster effe?¥e  \A\NETs attracted more attention, and a new wave of
first show how the average velocity has a minor impagticjes.specific models appeared. The most compre-
on performance as it cannot reflect the real veloCiyonsive studies have been performed by the Fleetnet
in urban traffic. A more s_lg_nlflcant parameter is thﬁroject [8]. In a first study [3], authors compared AODV,
road segment !ength, as this is t.h_e parameter contrqlhB%R FSR and TORA on highway scenarios, while [4]
the real velocity. We also exhibit how the clustering,nnareq the same protocols in city traffic scenarios.
effect obtained at intersection has a major effect on ¢ po studies, the authors understood that the average
effective average velocity during the simulation. velocity was irrelevant to evaluate routing protocols and
The rest of the paper is organized as follows: Ithey only increased theumber of cargwhich actually
Section I, we shortly provide some related work ifncreases the gap between the real speed and the average
the performance evaluation metrics field, while in Sespeed). However, they also fell short of pinpointing
tion Ill, we briefly depict the AODV protocol. Sec-another important parameter which was tlengths
tion IV presents the Vehicular Mobility Model (VMM) of the road segmentsAnother study [9] compared a
we used in this paper to model urban motion patterrssition-based routing protocol (LORA) with the two
while Section V illustrates the effects of VMM mobility non-position-based protocols AODV and DSR. However,
patterns on standard performance parameters. Finallythe parameters they used wér@p countandtraffic rate
Section VI, we discuss the scenario characteristics aBumilar tests and results has been reached by members
the simulation results, and in Section VII, we draw soma the NoW project [10], by usingransmission rangas
conclusion remarks and highlight future works. parameter.



[11. AD-HOC ON-DEMAND DISTANCE VECTOR turn increase the number of Voronoi domains, the model
(AODV) generates clusters of obstacles with different densities,

For our performance comparison study, we picked @Iyentually creating clusters of Voronoi domains.
one ad hoc routing protocols that reached the IETF RFCIn order to model the typical vehicular motion pat-
level, the on-demand AODV protocol (RFC[3561] [11]){erns, the objective is also to create a relationship be-
We shortly address this protocol in the rest of thigveen the topological map and the traffic generator that
section. For a more detailed description, the readerGuld go beyond the simple constrained motions induced
referred to the RFEC. by graph-based mobility. Accordingly, the macro-model

In AODV, when a source node has data traffic to sedi@st offers the possibility to separate single flows roads,
to a destination node, it first initiates a route discoved® Well as to increase the number of lanes per road.
process. In this process, the source node broadcastEhgn. as the traffic generator needs to act when reaching
Route Request (RREQ) packet. Neighbor nodes whi@R intersection, the urban topology is also enhanced by
do not know an active route for the requested destinatiigffic signs. According the model's configuration, traffic
node forward the packet to their neighbors until a¥ghts or stop signs may be added, depending on the type
active route is found or the maximum number of hog?f intersection.
is reached. _ o

When an intermediate node knows an active route B Micro-Mobility

the requested destination node, it sends a Route Replyvhen consideringnicro-mobility, one should look at
(RREP) packet back to source node in unicast modge driver's point of view. When a driver approaches an
Eventually, the source node receives the RREP pack@krsection, it should slow down then act according to
and opens the route. the traffic signs or traffic lights he or she reads, and to the
presence of other cars approaching the same intersection.

_ _ - To obtain a similar behavior, the existing Intelligent
As depicted in [12], a mobility model clearly affectsyiver Model [16] is extended to derive thimtelli-

the simulation results. Thus, since simple models I"ffent Driver Model with Intersection Management
the Random Waypoint mobility model do not considgipy M), and the Intelligent Driver Model with
vehicles’ specific motion patterns, they cannot be appligd e Changing (IDM_LC). To this end, deceleration
to simulation of vehi(_:ular networks. A‘?C‘?rdi”le’_ W&nd acceleration models inspired by the Akcelik's accel-
developedvanetMobiSin{ [5]), a new realistic mobility gration/deceleration model [17] are added in proximity

simulator. VanetMobiSim implements a novel mobilitgt roaq intersections, so that vehicles approaching a
model calledVehicular Mobility Model (VMM) that is  5ffic light or a crossroad reduce their speed or stop.
compliant with the principles of the general frameworfq,qj,ded are also a set of rules describing the actions
for mobility models generation described in [13], anghyen by drivers at intersections depending on the class of
capable of modeling detailed vehicular movements ipfic signs, the state of traffic lights and other vehicles

different traffic conditions. currently inside the intersection or waiting for their tarn

Following the general classification proposed by [14%he |ane changing and overtaking are controlled by rules
VMM contains amicro-mobility and amacro-mobility  gimilar to MOBIL [18].

component:

A. Macro-Mobility V. INFLUENCE OFVFI\)/lM ON VEHICULAR MOTION
ATTERNS

IV. VEHICULAR MOBILITY MODEL

The macro-model is represented by a graph where
vertices and edges represent, respectively, junction and/MM requires many configuration parameters, which
road elements. As proposed by [15], a good solution &l have effects on the modeling of vehicular motions.
randomly generate graphs on a particular simulation adgathis section, we illustrate the averagead segment
is Voronoi tessellations based on distributed points ovength the averagacceleration, resp. deceleration rate
the simulation area which represent obstacles (e.g.,-buiéhd theclustering effegtwhich are three major novel
ings). Accordingly, we obtain a planar graph representimgotion parameters VMM defines, and compare their
a set of urban roads, intersections and obstacles. Thiafiuence with the RWM.
in order to increase the realism, as dense areas such a4/ith these parameters, VMM generates motion pat-
city centers have a larger number of obstacles whicht@érns that cannot be modeled by pure random motions.



Yet, these parameters deeply influence the spatial distrehicles). Thanks to it, we are able to see the effect of the
bution and velocity of cars in the network. Indeed, angpatial and temporal dependencies on routing protocols,
single one or any combination of them is able to gemand not only the effect of the density which has already
erate a significant difference between the initial averagaudied in the past.

velocity and the real velocity, or between the averageFinally, aRoad Segmens defined as the piece of road
and the local density. This problem may be formulated asnnecting two intersections. The length of a road seg-
the difference between initial distribution of the statist ment is therefore the distance between two intersections.
of mobility parameters and the steady state distributiolts major effect on realistic mobility models is its control
However, as the problem of analytically computing thef the gap between the desired speed and the real speed.
steady state distributions of realistic mobility models i is also able to control the cluster effect.

much more complex than that of random models, the

only way to illustrate this effect is through simulations. 25
The corollary is that any simulation must be undertaken

after a sufficient large "warming” time in order to reduce 2
the effect of the transient state. o~

A. Parameters Definition

Before going further, we would like to define the ;
particular parameters we used in this paper.

We first provideSpeedelated definitions b !

« Average Speedfhe average speed controls the 5% ééif ﬁ§ ,

distribution of the random variable that determines Gf . ?’% & —— RWM
the speed between each destination point. 4 *‘*&,‘* %%&"‘im Ll

« Desired SpeedThe desired speed is the speed 10 20 30 40 50
sampled at each destination point. It is therefore Time [s]
the speed a driver aims at reaching using a smooth
acceleration. However, according to traffic regula-
tion, there is no guarantee that this speed may ever
be reached.

« Real Speed¥he real speed is the temporal speed
obtained at each time instant. It is subject to traffic, 20
traffic signs and drivers habits.

« Speed DecayFhe speed decay is the gap between
the desired speed and the real speed.

Then, theClustering Effectis a particular parameter
specific to realistic mobility models which should not
be mistaken with thadensityor the number of nodes
Indeed, the cluster effect is a parameter taken from the — RWM
urban traffic modeling and controls the aggregation at the v DV VaVl‘Qij:;gm’SZ
intersections. We indeed want to spot out effects solely O 0 40 d0 B0 100 150 140 160 180
dependent to the urban traffic distribution and not depen- Time [s]
dent to effects on the MAC layer or on routing protocols
from an increased number of neighbors. Accordingly, the
cluster effect is controlled by increasing the number of
vehicles in the urban area, while reducing the transmis-
sion range in order keep the average network density
constant (in terms of average number of neighbors pds. lllustration

It is possible to obtain a significant performance differeifove In Fig. 1, we illustrate the effects O.f the average
have a large cluster effect at a low density or a low clustiscetat '0ad segment length and the acceleration, resp. decel-
a high density. eration rate on vehicles real velocities. In both figures,
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Fig. 1. lllustration of vehicles real velocity on a singlétr



the desired velocity is the one reached at any time
by RWM, and we modeled the velocity of a single
vehicle during on single trip. Unlike the RWM which
ignores the VMM’s parameters, the velocity modeled 1000
by VMM fluctuates significantly as it is influenced by
the acceleration rate and the road segment length. By
considering the acceleration rate:/s> and comparing
Fig. 1(a) and 1(b), vehicles never reach the desired ol
speed in the former figure, as cars modeled by VMM 1000
respect traffic regulations and must decelerate and stop
at each intersection contained in the trip. However, the
effect may be limited by increasing the distance between
two successive intersections as it can be seen in the
latter figure. The second parameter is the acceleration,
resp. deceleration rate. Considering Fig. 1(a), for a
fixed distance between two intersections, a car with a
strong acceleration rate is quickly going to reach the
desired speed and will run faster on the selected road
segment than a car with a smaller acceleration rate. As
the real velocity is an important parameter for routing
protocols in mobile ad hoc networks, we expect these
new parameters to be more fundamental than simply
average, or desired velocities.

RWM'’s objective is to keep vehicles position uni- 1008
formly distributed in the network, an effect that may be
sought for SANETS for instance. However, for VANETS,
this is seldom the case as vehicles follow predefined
paths and aggregate at intersections. This leads to a non-
uniform distribution of vehicles in the network, which (o) VMM
we call theclustering effectAs we see on Fig 2(b), the
number of vehicles observed in the network is high@ig- 2. Spatial distribution of vehicles in the urban enmiment
on predefined roads and even higher on intersectiofguster Effect
while the number of vehicles is, as expected, uniformly
distributed in Fig 2(a). As the distribution of vehicles in _ o -
the network have an impact on connectivity and data 1€ major conclusion is that network mobility as
dissemination, we also expect the clustering effect #§fined in previous works cannot be used as an
have a significant influence on performance of mobifevaluation metric for vehicular ad hoc networks.
ad hoc network in vehicular urban areas. We should rather define new metrics as accelera-

As an illustration of a possible effect on performancdon/deceleration factors, cluster effect or distance
we show in Fig. 3 the average speed decay from a desiR&iWeen two intersections.
velocity that vehicles experience with VMM. However,
this desired velocity is subject to speed limitations that VI. PERFORMANCEEVALUATION
cannot be exceeded, or to any obstacle that either re-
duces or even stops the car. Accordingly, there is noln order to illustrate the influence of the new pa-
guarantee that this velocity can even be reached duriagneters described in the previous section on routing
the simulation. As we can see on Fig. 3(a), there ispsotocols, we used the open source network simulator
stable drastic decay as a function of the desired velocihg-2 in its version 2.27 as it is widely used for research
whereas the decay is not stable in Fig. 3(b), since itiis mobile ad hoc networks. We first provide a description
influenced by the road segment length or acceleratiaf,the scenarios characteristics and then describe results
resp. deceleration rates. we obtained.
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path to reach it, taking into account single flow roads.

Eventually, the vehicle moves and accelerates to reach a
desired velocity according to streets regulations. When
a car moves near other vehicles, it decelerates to avoid
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E the impact. When it is approaching an intersection, it
g2 1 first acquires the state of the traffic sign. If it is a stop
éls | sign or if the light is red, it decelerates and stops. If it
3 is a green traffic light, it slightly reduces its speed and
9 10

1 proceeds to the intersection. At target destination, tihe ca
decelerates, stops, and then samples a new destination.
The different parameters for the micro-model are given

100 150 200

250

300

in Table li(a).

Average Length of Road Segments [m]

Network Simulator ns-2 2.27
Mobility Models RWM [19], VMM [5]
(b) Average length of roads segments AODV Implementation AODV-UU
Hello®? Interval 3s
. . Simulation time 1000s
Fig. 3. _ lllustration of Speed Decay, whee resp.b are the Simulation Area 1000m x 1000m grid
acceleration, resp. deceleration rates Number of Nodes 10 — 80
Tx Range 100m
Speed Uniform
2
) o Density #nodes - 7)(7;“1"}2:
A. Scenario Characteristics Data Type BR "
Data Packet Size 512 bytes
In this paper, we consider squared urban areas of MAC & roracol IEEE 802 1 DCF
1000x1000m constituted of three different cluster cat- Confidence Interval 95%

egories: downtown, residential and suburban. The dif-
ferent obstacle densities for these three categories are
summarized in Table li(b). Fig. 4 displays an example
of an urban graph used in this paper. The simulation

TABLE |

SIMULATION PARAMETERS

parameters are given in Table I. We test each protocolwe finally decompose our performance analysis in
with a spatial model composed of 30% of traffic lightshree different scenarios, where parameters are fixed ac-
and 70% of stop signs. cording to Table IlI. In the first scenario, we want to see
Vehicles are randomly positioned on intersectionthe influence the average velocity. Then, in the second
Then, each vehicle samples a desired speed andcanario, we analyze the effect of different lengths of
target destination. After that, it computes the shortestad segments. In the last scenario, we are interested



B. Simulation Results

Param Description Value

a Maximum Acceleration 0.9m/s> We measured several significant metrics for MANETSs

b Maximum Deceleration 0.5m/s . . -

[ Vehicle Length 5m routing that are mostly influenced my mobility:
S|y tme - | 185 « Packet Delivery Ratio (PDR)}t is the ratio between
bsav | Maximum "safe” deceleration am]s? the number of packets delivered to the receiver and

p Politeness 0.5
oih Lane Change Threshold 0.2m s the number of packets sent by the source.

Tlight Traffic Light Transition 305 o Delay- It measures the average end-to-end trans-

mission delay by taking into account only the
packets correctly received.
« Hop Count-lt represents the number of hops that

(a) Micro-model

Clusters *p‘g?smc'es *p‘g'r“StEF ratio a packet has taken before it has been correctly
100m x| 1000m x delivered.
oo e o | In Fig. 5(a), we see that for VMR) the average
Residential 125 4 40% velocity does not have any effect on the PDR, which
Suburban 25 4 50% is a strange results as the velocity is a common metric
(b) Macro-model in performance evaluation, and previous results have
shown that AODV was sensitive to it. On the other
TABLE Il hand, the performances with RWM are influenced by the
VEHICULAR MOBILITY MODEL PARAMETERS velocity and that also significantly differ from those with

VMM. Indeed, we see in Fig. 5(b) that an increasing
velocity worsens the delay for the RWM, but does
not significantly impact the VMM. Similarly, Fig. 5(c)

'Iéustrates how a higher velocity reduces the number of

average of 10 samples, while the error bars represe Ois for VMM, but does not conclusively affect RWM.

95% confidence interval. We also point out that in alh ctually, the explanation for this behavior comes from

three scenarios, we maintain the same average dené ’_m|cro-model and its mteract.lon with the sp_apal
& vironment. Indeed, when modeling smooth transitions

density. Finally, for each scenario, we simulate AOD\?nd realistic interactions with urban traffic regulations,
for the RWM [1’9] and the VMM. A’ccordingly, we will & fixed initial velocity does not make any sense. In-

be able to see the effect of realistic urban motions gﬁead, twe d(:]f_me a_?r:/ erage dtehs ired \I/elo;:_ltga ?_Irlver
the parameters and on the performances. aims at reaching with a smooth acceleration. However,

this desired velocity is subject to speed limitations that
cannot be exceeded, or subject to any obstacle that either
reduces or even stops the car. Accordingly, there is no

in the cluster effect at intersections. Each point is t

Scenario§| Data Network | Node$ Road | Nbr. | Tx guarantee that this velocity can even be reached during
Rate Mobility Den- | Length of Range| ; ; ; ; ;
Mbits/s]| [m/s] sty | [m] | Nodes [m] the 5|mulat|pn. And, as is can be seen in Fig. 3(a), the
Velocity |[ 0.8 omim=0. | 11.78] 50 | 40 | 100 real s_pegql is stable with respect to _the average velqmty,
V=20 and significantly lower than the desired velocity, which
ff’mmzm explains the relative stability of AODV with VMM.
vMar=35 We illustrate, on the next set of simulations, the
gggd 0.8 gy | TS D010 | 40| 200 effect of the average length of road segments on the
ment 500 performance of AODV. By increasing the length of road
Length segments fronb0m to 300m, we actually model urban
Clustering| 0.8 v™*=15,| 11.78| 150 20 to | 424 . - . . .
Effect LMAT=35 60 to traffic distribution observed from small roads in highly
244 urban areas, to highways in major commuting corridors.
TABLE IlI By fixing the average desired velocity and increasing the
SIMULATION SCENARIOS road length, we increase the time spent by vehicles on

2In the rest of the paper, we will refer only to the mobility nebd
for actually mentioning AODV using the mobility model
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the road elements, which in turn reduces the clustering

effect and also increases the chance to reach the desired
speed. In order to see the sole effect of the length of road

segments and not network disconnections, we maintain

a fixed node density and we increase the transmission

range accordingly.

We illustrate in Fig. 6(a) how a longer road segment
impacts AODV’s PDR. As we could expect, RWM
is not influenced by longer road segments. However,
AODV’'s PDR with VMM is significantly improved.
And by looking at Fig. 6(b) and Fig. 6(b), we see that
the length of road segments also influences the delay
and the number of hops of AODV. Not only can we
see that the average segment length has an effect on
the performance of AODV, but also that the difference
between VMM and RWM is not negligible. As VMM
models more realistic motion patterns than RWM, we
expect the performances in Fig. 6 for VMM to be closer
to the reality. Consequently, the length of road segments
in urban scenarios should not be neglected.

We further carry on the analysis of urban traffic
distribution and its effects on AODV. On the next set of
figures, we increase the number of vehicles in the urban
area, while reducing the transmission range in order
keep the average network density constant (in terms of
average number of neighbors per vehicles). We indeed
want to spot out results solely dependent on the urban
traffic distribution and not on effects on the MAC layer
or on routing protocols from an increased number of
neighbors. The average road length in this set of figures
is set to150m. By increasing the number of vehicles and
keeping fixed average road length, we actually increase
the interaction of each car with its environment, which
in turn limits its ability to reach a desired speed.

In Fig. 7(a), we depict the effect of traffic clusters
at intersections, a parameter that does not influence
RWM. As it has an impact on the spatial distribution
of the vehicles, the PDR is reduced. This observation
is corroborated by looking at Fig. 7(b), where we see
the increasing end-to-end delay, and at Fig. 7(c), where
the hop count is reduced as the network is only able to
deliver data to vehicles in nearby clusters. Again, besides
the influence of the parameters on the performances,
we see a major performance gap between VMM and
RWM. We therefore illustrate how this new parameter
is also able to control the performance of AODV for
realistic mobility patterns in a way that is not possible
by standards parameters.
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VIlI. CONCLUSION

We llustrated in this paper how vehicular ad hoc

networks in urban environment experience particular
motion patterns which cannot be properly described b,ﬁ,

standard parameters. Indeed, the traffic regulations a
the vehicles characteristics handled by ttehicular
Mobility Model (VMM) are creating a clustering effect

at intersection. This effect has remarkable properties o

the spatial and temporal distribution of vehicles. Th
first one is that neither initial nor maximum velocity

have a total influence on the real velocity in urban

environments. Indeed, due to the interactions with th

spatial environment and other neighboring cars, vehicles

[3] Sven Jaap, Marc Bechler, and Lars Wolf, "Evaluation ofuRo

ing Protocols for Vehicular Ad Hoc Networks in Typical Road
Traffic Scenarios”, inProc of the 11th EUNICE Open Euro-

pean Summer School on Networked Applicati@@menarejo,
Spain, July 2005.

Sven Jaap, Marc Bechler, and Lars Wolf, "Evaluation ouRo
ing Protocols for Vehicular Ad Hoc Networks in City Traffic
Scenarios”, inProc of the 5th International Conference on
Intelligent Transportation Systems TelecommunicatidfiST)
Brest, France, June 2005.

] Jerome Harri, Marco Fiore, Fethi Filali, Christian Buet,

"VanetMobiSim: generating realistic mobility patternsr fo
VANETS”, in VANET 2006, 3rd ACM International Workshop
on Vehicular Ad Hoc NetworksSeptember 29, 2006, Los
Angeles, USA.

P. Johansson et al. , "Scenario-based Performance sisaly
of Routing Protocols for Mobile Ad-Hoc Networks”, IRroc.

experience a non negligible speed decay. Then, a second IEEE/ACM Mobicom'99pp. 195-206, Seattle, WA, Aug. 1999.
property is the non-uniform distribution of urban traffic[7] Thomas Heide Clausen, Philippe Jacquet, Laurent Vignno
which locally increases the density of vehicles.

As neither the average velocity, nor the average defg] The FleetNet Projecthttp://wwv. et 2. t u- har bur g.

sity are able to control the spatial and temporal de-

"Comparative Study of Routing Protocols for Mobile Ad-hoc
Networks”, in1st IFIP MedHocNet Conferenc@002.

de/fl eetnet/english/vision.htm
R.A. Santos et al., "Performance Evaluation of RoutirrgtB-

pendences generated by realistic urban vehicular motid#
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patterns, we defined new meaningful parameters such as t a4 Hoc and Ubiquitous Computing 2Q08l. 1, No.1/2, pp.

the average length of road segmentise acceleratioror

the cluster effectBy representing the true parameterd0] The
of the topology or the mobility patterns, we illustrated

80 - 91.
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how they have a significantly larger impact on thfi) c. perkins, E. Belding-Royer, S. Das, quet, "Ad hoc On-

performance of AODV.

Another observation is that not only these new pa- _ .
2] T. Camp, J. Boleng, V. Davies, "A Survey of Mobility Molde

rameters were able to remarkably describe urban

tions, but also that these urban motions were actually
improving the performances of AODV, as they were

Demand Distance Vector (AODV) Routing”, RFC 3561, July
2003.

for Ad Noc Network Research”, Wireless Communications and
Mobile Computing, Vol. 2, Issue 5, pp. 483-502, September
2002.

significantly increased compared to those with the Ral§S] J- Harri, . Filali, C. Bonnet, "A Framework for Mobiy Mod-

dom Waypoint. These parameters become therefore an

important key to more realistic performance evaluations

of vehicular ad hoc networks in urban environments.
VanetMobiSim is planned to include realistic signa{lm]

els Generation and its Application to Inter-Vehicular Netks”,

3rd IEEE International Workshop on Mobility Management and
Wireless Access (MobiWac’'05), Maui, Hawaii, U.S.A., June
2005,

D. Helbing, "Traffic and Related Self-driven Many-pales
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