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Abstract— In this paper we evaluate V-AODV a
version of AODV (Ad-hoc On-demand Distance Vector)
especially created for Vehicular Ad-hoc NETworks
(VANETS). V-AODV is designed to run with a complex
cross layered metric based on both delay from node to
node and Bit Error Rate (BER) coming from the physical
layer. We conducted simulations with the NS2 simulator
taking in account a realistic environment tool called
Communication Ray Tracer (CRT). Our results show that
the basic propagation models usually in use with NS2 are
not suitable for VANETS simulations. We also show that
when using a routing metric based on delay and BER, the
first parameter is morerelevant in terms of QoS than the
second one.

Index Terms— VANETs, Qo0S, Realistic Propagation
Models, AODV

|. INTRODUCTION

One of the most promising applications of Ad-Hoc
networking technology is certainly the Vehicular-Adc
NETs (VANETs). VANETs are not only suitable for
commercial and entertainment applications but &so
safety and traffic management. In those fields, afrtbe
main concerns is Quality of Service (Qo0S). Safety
information must be carried in a highly robust mamim
networks which are self-organizing and characterizg
limited degrees of freedom in node movements agH hi
speed variations. This situation leads to a network
topology changing very frequently and possibly very
fast. Many research and development works relatng
routing [1], communication robustness [2], inforinat
dissemination [3] take this point into account amdw
results obtained with simulations involving very
simplistic radio propagation models available in
simulation tools.
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However, frequent topology changes involve,
especially in urban or high density zones, higldyiable
quality of the underlying radio channel. To the tbef
our knowledge, only a few number of papers [4][b][6
relate to the effects in simulations of the radio
propagation models. Moreover, only one [4] takds in
account the 802.11p enhancements to Intelligent
Transportation Systems. These papers indicatetligat
more realistic the propagation model, the more the
percentage of received messages decreases.

When VANETSs carry safety information, QoS is of a
special importance in delivering messages and &dfyec
in the end to end parameter. For some other apiplica
like communications tools or some entertainment
applications, QoS can be needed too.

But if there is no satisfying radio link, which cae
seen as a common resource igiveen neighborhood, no
communication can take place. Fading, time vanmgtio
nodes mobility and multi-path effects lead to frequ
broken routes, especially in the presence of high
mobility nodes. Consequently, providing end-to-end
QoS support guarantee is even more challenging,
because in a high speed mobility context, many data
packets are lost and the failure natifications thge
with the overhead due to route repairs increase
significantly.

To bring these two points together, we propose V-
AODV, an enhancement to the AODV routing protocol
for VANETs. V-AODV can be seen as a cross layer
running between the PHY and the Network layers/4n
AODV we use a metric based on the radio link gualit
information combined with delay information whicéy i
as previously discussed, most relevant in the afen
of safety messages. Another important point of wWosk
is the use of a realistic propagation model.



Taking into account of these elements in NS2 based
simulations, allows us to validate our strategy by
showing how our new metric improves the end to end
delay and packet loss in realistic conditions.

The rest of this paper is organized as followstiSec
Il presents the realistic channel model we use for
validation of the proposed enhanced routing prdtdoo
Section Il we describe the enhancements broughhdy
V-AODV routing protocol.Section IV is devoted to the
performance evaluation of V-AODV. Finally Section V
concludes the paper and highlights ideas for futuoek.

Il. A REALISTIC PROPAGATION MODEL FOR
VANETS

Many researchers in the field of wireless netwagkin
use the network simulator NS2 for the evaluatiod an
validation of their routing protocols. However, ig
known that NS2 does not model accurately the radio
propagation channel [4]. In fact, NS2 Radio Progiaga
Models (RPM) do not allow specifying complex
environments as such containing obstacles. Thisiriea
is however a crucial issue in the context of VANETS
Besides the very simplistic RPMs implemented in NS2
the error model used by this network simulatorise @n
important issue. In fact, the native NS2 error niauahdy
checks if the received power of a packet is above o
below the receiver’s threshold.

In order to overcome the above mentioned
limitations we have integrated into NS2 a realifeM
called Communication Ray Tracer (CRT) which has
been developed at the SIC-XLIM laboratory [7]. This
RPM is based on a ray-tracing method and allows to
model very accurately the propagation mechanisms
involved in a realistic environment described bgcane
like the one shown on Figure 1.

Fig. 1. Vehicles moving in the Munich city center

An appropriate error model according to the 802.11p
standard has also been implemented in CRT. Th@s err
model is based on the calculation of the Bit EiRRaite
(BER) for each link. In order to obtain the BERVeé&n
two nodes, the whole 802.11p standard physicalrlaye
has been implemented. The Signal to Noise RatidrjSN
is then used as an entry parameter for BER calonlat
The SNR is derived from the received power provided
by CRT and the receiver noise floor according to
equation (1). From the BER value, the Packet Brae
(PER) of each link is finally obtained by using atjan
(2).

SNR = 10log(RPower_/Noise_) (1)
PER = 1-(1-BER) 2)

where RPower_ is the packet signal strength at the
receiver, and N represents the packet number ef bit
Finally, the BER parameter is added to every packet
transmitted and is therefore available to the upggers
of the network.

lll. V-AODV, QOSIN AODV ROUTING PROTOCOL

The insufficient resources in VANETSs have made the
QoS routing strategy a challenging task. To overeom
this problem, a simple and efficient routing medban
is required to manage the resource requests, &hilee
same time it has to be adaptable to the frequeartgihg
topology conditions.

Since communications in VANET should support at
least two kinds of messages, i.e. Comfort and Alert
messages, the QoS routing needs to provide dttlgas
levels of QoS to applications. The first level Ideaith
released parameters and the second with strained
parameters. In the case of the latter level, amsehis
required to provide connection control to new flolys
predicting their impact on the QoS of the flowseably
running in the network.

A VANET can be modelled as an undirected graph
G(V,E), whereV is the set of nodes, arilis the set of
links. Motivated by thesoloured sub-graphs formulation
presented in [8], we divide each link to sub-links
represented by elementary cost function for QoSrioset
(i.e.: bandwidth, delay, energy, bit error rate EBEpacket
loss probability, security, etc.) In this paper, ardy focus
on delay and BER parameters. In the near futurelareto
examine other metrics like delay jitter, packet slos
probability, and security.

Estimating end-to-end delay in a VANET is very
difficult due to the unsynchronized nature of the
network. In V-AODV we use the “Hello” messages to
estimate the delay needed to reach each neighBgur.



mean of this, we make available a cross matrixhef t
network topology containing each node to neighbour
delays. These calculated delays represent the Rbumd
Time (RTT) between the node originator of the Hello
message and their neighbours returning
acknowledgements. Thus, the delay cost functioma of
given node “i” can be represented as follow:

D,

i 3)
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where:

Dij: is the estimated delay to the next hop,
Diax means the limit bound of delay supported
by a flow,

ZD: represents the accumulated delay from

the source “i

]

The BER of all moving links in the network are dhtl
by using the CRT RPM together with the error model
presented in section Il.

to the node

The BER cost function is the given by:

Coer = ! )
BER ox — BERGimted

Specifically, the local cost functiofSBER and Cd
are hyperbolic functions limited respectively BigRmax
andDmax. The end-to-end cost of a route is represented
by a global function called &&= which results from the
sum of cost functionsGBER + Cd) and is evaluated at
each node participating in the route discovery @ssc
The value of Grg is accumulated from source to
destination. In particular, a high value of:€means an
unacceptable route.
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When a source node wishes to establish a route to
another node with respect to the QoS requiremént, i
disseminates a Route Request (RReq) packet that
includes mainly the requested delay but also tlteten
end cost function &g which will be accumulated at
every participating node to establish this route.

Upon receiving the route request packet, every
intermediate node tries to respond to the QoS
requirement by verifying equations (3) and (4)thére
is enough resource, the node updates the end-toa=td
(as expressed by (5)) and forwards the RReq to its
neighbours until the message reaches the destinatio

The latter responds by unicasting a Route Replkegtac
(RRep) with the g cost function to the source along
the reverse route.

When the source receives the RouteReply, it selects
the optimal route with respect to the smaller valtithe
cost function Gre.

IV. EVALUATION OF V-AODV

The CRT RPM integrated into NS2 allows us to use
either NS2 built-in free space propagation envirentn
or realistic propagation environments and, wherdadge
to compute the BER between two nodes. All simutetio
were conducted in an 1122 square meter area
representing the core of the city of Munich (Gergan
with buildings and streets. In this area 10 mohibeles
are moving. The nodes motion speed is set to 4m/s.
Hello messages are sent approximately every selepnd
all nodes. During the simulation three communigatio
are scheduled. These communications, which areovide
flows, take place in a first simulation set between
randomly chosen nodes and in a second set between
fixed nodes. The data rate of these video flovgeigo a
6Mb/s rate.

As indicated above, the main measured parameter is
the Averaged End to End Delay (AEED). To show the
efficiency of our proposition we calculate two athe
parameters namely the Packet Delivery Ratio (PDi) a
the Normalized Overhead Load (NOL) respectively
defined as the ratio of the number of successfully
delivered packets to those generated by the soases
shown in (6) and as the ratio between the totalbarof
routing packets to the total number of successfully
delivered packets as shown in (7). For this last
parameter, the Routing Packets include all the gtack
involved in both route discovery and maintenance. (i
Hello, RReq and RRep).

Numberof succesfuly deliveredpackets
Totalnumberof transmitedpackets

PDR = (6)

NOL = Totalnumberof routingpackets
Numberof succesfuly deliveredpackets

()

From the data delivery point of view, a higher PDR
indicates a lower packet loss rate and therefongoat
efficient routing protocol. In real time communiicats,
the routing protocol with higher PDR may not be
considered better than the one with lower PDR, esinc
packets which arrive late could be useless althahgi



reach the destination successfully. Real time iraff
delay sensitive.

Because the proposed V-AODV protocol can use a
metric based on delay, BER or both for routing
computation, in the rest of this paper we call V-
AODV gejqy the first, V-AODVger the second and V-
AODV gelay+serthe combination of the two. The standard
AODV is called AOD V.

In a first simulation set, we compare the standard
AODV protocol to the three versions of V-AODV (i.e.
delay, BER and delay+BER) in a free space and in a
realistic propagation environment.

If we now take a look at both the AEED (Fig. 2) and
the PDR (Fig. 3), we can see that in the free space
environment, both AODV and V-AOD)s,, protocols
lead to always possible communications (AEED of
0,003s and PDR of 100%). In the realistic propagati
environment we can see that the introduced congtrai
lead to a growth for AOD),, of the AEED to 0,4s and,
because of more important packets rejection, aedser
of the PDR to 80%.

When using V-AODVe,, the additional delay
constraint when establishing routes lowers the RDR
58%. But in the same time, the AEED goes down to
0,220s, indicating better communication conditions.

With V-AODVgeg We observe that both the PDR and
the AEED stay at values near to the ones of AQRV
This means that, in the case of AORY when a link is
used for a communication between two nodes, its BER
has a good value. Only a few hops are discardedaue
bad BER.

If we now use a metric taking into account both the
delay and BER, we observe that the first resules ar
confirmed because the AEED goes down to 0,230s
together with a value of 58% for the PDR, whichais
value similar to the V-AODVYey One.

Average End to End Delay

FreeSpace/Std FreeSpace/Delay Real/Delay Real/Teb
Environment/Metric

0,500
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Delay (s)
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0,000

Real/std Real/Delay+Teb

Fig. 2: Average end to end delay

Packet Delivery Ratio

Real/std Real/Delay Real/Delay+Teb
Environment/Metric

100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%

PDR (%)

20,00%
10,00%

0,00%

FreeSpace/Std FreeSpace/Delay ReallTeb

Fig. 3: Packet delivery ratio

In order to get another idea about the efficienty o
the protocol, we computed the NOL (Fig. 4). We san
here that in the realistic propagation environmené
propagation constraints lead to an increase of the
signaling overhead for AODY, When using V-
AODVgeg,.in agreement with the AEED and PDR
results, the signaling overhead stays in the simdage
of values (resp. 11% and 12%).

When the delay parameter is included in the metric,
in order to stay under the maximal delay set betwaee
source and a destinatiowe get more broken routes,
leading to a signaling overhead growing from 12% to
17%.

Normalized Overhead Load

Real/Std RealTeb

18,00%
16,00%
14,00%
12,00%
10,00%
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2,00%
0,00%

NOL (%)

FreeSpace/Std FreeSpace/Delay Real/Delay

Environment/Metric

Real/Delay+Teb

Fig. 4: Normalized overhead load

If we now have a look at the number of dropped
packets (Fig. 5), we also observe that the maistcaimt
is related to the delay parameter.

Dropped packets

Real/Std Real/Delay
Environment/Metric

45,00%
40,00%
35,00%
30,00%
25,00%
20,00%
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0,00%

Dropped packets (%)

FreeSpace/Std FreeSpace/Delay Real/Teb Real/Delay+Teb

Fig 5: Dropped packets

In order to complete our analysis, Fig. 6 showd tha
when the routing metric requirements increase, as dhe
average number of hops.
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Fig 6: Number of hops
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The previous results allow us to conclude that, teAer
the propagation model used, when a link betweennwdes
is suitable for communication, the test of its BEERds to
little additional packet rejection. To the contratlye delay
parameter seems to have more importance in
calculation. This appears in each measured indic@tosee
how the delay acts on communications, we make iaddit
simulations with fixed couples of sender and reeesv In
these simulations we only vary the maximal deldgvetd
for establishing a communication.

This additional study confirms us that the maxirdelay
chosen in the first simulation set (10ms) is naet knough
to prevent communications.

V. CONCLUSION AND FUTURE WORK

In this paper we tested an enhanced version of AODV
called V-AODV designed for VANETs. The tests were
conducted both in a free space propagation envieoand
in a realistic one.

The first results showed that in the domain of VANE
simulations must be conducted in realistic envirents in
order to validate accurately the modification
enhancements applied to a routing protocol.

or

route The evaluation of the V-AODV protocol which routing

metric is based on a source to receiver delay meamsnt
and a cross layered physical BER ratio both medswhen
establishing a route, shows us that the delay petemtakes
the precedence over the BER parameter.

We obtained these interesting results in a realistit

As can be seen in Fig. 7, when the maximal delajimited area. The number of nodes was set to 10thed

decrease, there exists a threshold over which tBEDAis

constant (over 10ms). At this threshold the AEEDrdases
in a fast way, so there is no possible communipatrben it

is lower or equal to 0,5ms.

In Fig. 8 we can see that with a maximal delay oferthan
5ms multihop communications are allowed while with
1ms delay only one hop communications are possible.

Averaged End to End Delay

100,0

450,0
400,0
350,0
300,0
250,0
200,0
150,0
100,0
50,0
0,0

Delay (ms)

50,0 10,0 50

10
Maximal delay (ms)

Fig. 7: Averaged End to End Delay
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Number of Hops

100,0

2,0000

1,5000

1,0000

Hops

0,5000

0,0000
50,0 10,0 50 10 05

Maximal delay (ms)

Fig. 8: Number of Hops

0,1

We also notice that the maximal delay is computdtiex
start of a communication and then updated everprakc
Therefore, due to nodes movements, the measuredoend
end delay is greater than the maximal delay.

number of communications to 3. Therefore, each artiek
between two nodes was available, its BER had adgoo
value. In a future work, we will test if in a lamge
environment, the BER, due to reflections etc... cacome
a most relevant metric for route calculation.
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