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Performance of Reactive Routing Protocols DSR
and AODV in Vehicular Ad-Hoc Networks ®
Based on Quality of Service (Qos) Metrics

Cristian P. Saavedra Cafiar, John J. Tucker Y épez, Heydi M. Roa L 6pez

Abstract: Thisarticleanalyzesand comparesthe service quality
metricsin reactive routing protocols AODV and DSR in VANET.
Through the revision of the recorded information we study the
characteristics, classification, applications and different traffic
models. All these parameters are taken into account in the
modelling of vehicular traffic in the downtown of Loja City.

In order to get the corresponding results, three different scenarios
each with a different node density have been created. According
tothecollected data, it is possible to verify which routing protocol
is the most suitable for the Ad-Hoc networks proposed in this
study.

Keywords. Ad-Hoc, AODV, Bonnmotion, Delay, DSR,
Routing, Jitter, Manhattan Grid, Metrics, Mobility, NS-3, QoS,
Throughput, VANET.

. INTRODUCTION

The development of wireless networks and
communication systems have had a positive impact on
society, especially the evolution of mobile devices as they
offer great mobility to users, together with a growing offer of
communication devices such as smartphones, tablets and
different mobile terminals that transform on a daily basis the
way people communicate. [1]

Networks traditionally known as wireless have a device
that manages the net and infrastructure making it possible to
connect to different target devices. Nowadays, there is
another concept in wireless networks known as Ad-Hoc or
infrastructure-less network that alows the connection
between terminals without a managing device. It means each
existing user or node could perform as router, sender or
receiver of data. [2]

One of the main targetsin VANET isto assure the quality
of service in the use of real-time applications as data or
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information transfer. This type of networks are well-known
for being highly dynamic which causes the emergence of
different topologies creating difficulties in discovering and
keeping communication in the given scenarios. Thisbrings as
a result the loss of connectivity among vehicles causing a
deterioration in service quality. [3]

Due to this problem, it is proposed to undertake a case
study of two routing protocols used in Ad-Hoc networks,
AODV and DSR. Quality of service metrics have been
measured, compared and analyzed using the Ns-3 software to
simulate the different scenarios and using Manhattan Grid as
the mobility model.

1. VANET (AD-HOC VEHICULAR NETWORK)

VANET (Vehicular Ad-Hoc Network) allows the
communication of several nodes using wireless links through
ad-hoc networks. According to topology used, each node can
act as arouter communicating the generated data among the
different target devices without direct connection between
the source and the destination port. There is a growing
interest in this type of networks especialy in research
oriented to work with government entities, the automotive
industry and transportation sectors that care for safety and
efficiency in the ground transportation system. In the
research of these networks, traffic is monitored by different
mobility models showing how vehicles move across the
existing topology. [4][5]

In the first communication model, V2V (vehicle to
vehicle) nodes exchange information directly between them
through the use of on-board units (OBU). [6]

e T o

In the second communication model, vehicle to
infrastructure, the interaction occurs through fixed devices
that could be internet access points or servers placed along
roads, tolls, etc. with units in specific points (RSU-
Road-Side Unit). [6]
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Figure 2- VANET V2! [6]

A.VANET FEATURES

The main features of VANET are:

Dynamic topology: Asthe nodes used on this network arein

permanent movement and when predetermined patterns on

the road are set, it leads to a fast-changing speed.

e Autonomy: Each node works in an autonomous way
managing the information sent by the whole network. This
network has no infrastructure so the information is sent to
al the nodes allowing it to support communication
failures.

e Distributed routing: The fact that nodes are autonomous
alows them to distribute information to their neighbors.

e Unlimited energy: As the nodes are placed within the
vehicles, their sensors receive energy constantly.

e Larger network: Networks are set all over the road axis
generating a high number of nodes so the reception range
needs to be extended.

B. VANET LIMITATIONS

VANET experiences some limitations during the
implementation process and they are described below to be
taken into account for research and devel opment. [8]

Limited bandwidth: Bandwidth is known as the amount of

data or information packets that are sent through an existing
communication network. As VANET has no wireless
infrastructure, there is a weakening in the signal due to
electromagnetic  interference resulting in a reduced
bandwidth if compared to guided networks.

e Mobility: One of the main targets of wireless networksis
to be able to move nodes within the network reception
range; however, this brings as a consequence a
restriction in mobility. The connection between nodes
(vehicles) could last afew seconds causing problemsin
communication.

e Quality of service: QoS is a challenge in changing
topologies as it is difficult to guarantee the resource
reservation needed as it happens in guided networks.
QoSin VANET is of utmost importance due to the use
of video-conferencing and video-streaming extensions.

e Security: Asthereisno infrastructure and the channel

of communication used is the air, it is more difficult to

establish security measures becoming more vulnerable to
external attacks.
DSR (Dynamic Sour ce Routing)
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The Dynamic Source Routing protocol was created in
1994 by researchers Johnson and Maltz. Still in its pilot
phaseg, it can be found in the request for comments (RFC),
number 4728 of the Internet Engineering Task Force (IETF).
It isbased on routing so the root node knows the hops needed
to reach the destination port. It is a simple and efficient
protocol designed specifically for wireless Ad-Hoc networks
with severa mobile nodes. Using DSR, the network is
entirely self-organized and auto-configurable. It does
not require any infrastructure or centralized management.
[10]

These network nodes help forwarding the packets from
one node to the next alowing multi-hop communication.
Network nodes can move, get together or exit the network
whenever is needed. Therouting is determined automatically
and managed by the DSR protocol.

Route Request (RREQ), Route Replies (RREP) and Route
Errors (RERR) are the types of messages used to set up the
routing. These messages are sent and received via the User
Datagram Protocol (UDP). The information is stored in the
cache memory of each node in the network. [11]

I1l.  AODV (AD-HOC DEMAND DISTANCE
VECTOR)

The Ad-Hoc Demand Distance Vector (AODV) was
created in 1999 by Charles E. Perkins (Sun Microsystems)
and Elizabeth M. Royer (University of California). This
protocol is based on DSR and DSDV. All the corresponding
information is recorded in the Request for Comments (RFC)
number 3561 released in July 2003 on a trial basis and it
belongs to the Internet Engineering Task Force (IETF). This
isareactive protocol so each node has arouting chart for the
roads aready known. [13]

To create this chart, the neighboring nodes are used first.
Then, nodes can connect with distant nodes with a number of
hops through other nodes along the way. One of the most
important characteristics of AODV isthe reduced

bandwidth consumption and CPU as packets are only sent
on demand.

AODV usesaroad discovery processin broadcast mode.
It also supports unicast, multicast and uses messages such as
Route Request (RREQ), Route Replies (RREP) and Route
Erros (RERR). Just as the previous protocol, AODV aso
uses the mentioned messages to exchange information
between source and destination ports. [15]

V. SIMULATION

The simulation area selected to apply these parametersis
750 mts. long and 700 mts. wide. Itslength reaches from Jose
Antonio Eguiguren St. to Lourdes St. and its width goes from
Universitaria Ave. to Jose Joaquin de Olmedo St.

Figure 3 showsthe selected areaiin Loja City. It covers 42
blocks where the nodes will be able to move and create
networks following and analyzing the Quality of Service
metrics QoS.
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Figure3- SimUIation Area

Throughput.- One of the selected metrics due to its
importance in VANET analysis is the throughput. When
comparing networks with high mobility, it is essential to get
information about the efficiency in the process of packets
arriving to destination ports, aswell asthe amount of loss data
in the proposed scenario.

Delay.- The second metric chosen to compare and analyzeis
one of the most important onesin our network performance. It
alows us to get information about the time a packet takes to
go from the source node to the destination node. Having this
information makes it possible to determine how far apart are
the nodes and if the size of the area is appropriate for the
amount of nodes moving throughout the network.

Jitter .- Thethird and last metric taken into account is known
as Jitter and it is the variation in the packet transmission
delays. Thisisvery important as once the length of the delay
is known, it is possible to deduce what caused it as that
variation depends on the routes the nodes choose or an
increase in the flow of each intermediary node in the network,
which also varies according to each protocol and number of
users.

To calculate the Throughput, the number of packetsin bytes
is multiplied by 8 to convert it into bits, then this amount is
divided into the simulation time period obtaining the result in
kbps.
bytes+g
T+1000D

Th= Equation 1

Where:
Th = Throughput
bytes = Total bytesin each packet
Ts= Simulation time period

The following formula is applied to obtain the delay,
considering thetime of arrival of each packet and thisamount
helpsto cal culate the difference between the current time and
the time of arrival of the previous node.

Diy=T,—-Tz Equation 2
Where:
Dly = Delay
TA = Current simulation time
TP = Previous simulation time or Reception
The Jitter is obtained from the variation of the previous data,
the delay, calculating the difference between the current delay

and the previous delay. Then, the difference between the
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previous Jitter and this amount is divided into 16 and
according to RFC 3393 it is used to reduce the noise.

_ [(DIy, — Diy.) — Jitt,]
- 16 Equation 3

Where:
Jitt = Jitter
DIyA = Current packet delay
DlyP = Previous packet delay
JittP = Previous packet Jitter

Jitt

V. DATAANALYSIS

A. Scenario 1: 25 nodes

Thefirst scenario for the comparative study and analysis of
the routing protocol comprises 25 nodes using the parameters
shownin Table 1.

TABLE 1-MOBILITY PARAMETERS 25 NODES

Parameters Quantity
Number of nodes 25
Area[m] x=750 y=700
Mobility model Manhattan Grid
Simulation duration time 9] 200
Minimum speed [km/h] 10
Medium speed [km/h] 25
Maximum speed [km/h] 40
Horizontal blocks 7
Vertical blocks 6

The following charts show the packets sent during the
simulation (Fig. 4) and the route discovery of each node in
this scenario (Fig. 5).

Figure 4 - Packets sent in a 25 nodes scenario

python
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Figura5 - Routediscovery in a 25 nodes scenario
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THROUGHPUT

Fig.6 shows the comparison of the first metrics, the
throughput results. It reveals that in the 25 node scenario
created in the Manhattan Grid model, the performance in
AODV packet delivery is stable, but it is higher in DSR
which means the DSR routing protocol performs better in a
scenario with less nodes as the routes are stored in the header
with no overload.

THROUGHPUT
15,000
10,000
gﬁgz__!!JLEJ!Eﬂ!LL!;J!_!LJ!!i!L___
’ 1 2 3 4 5 6 7 8 9
S 23 3 4 = e 7 = 5

B AODV |2,967 2,611 2,976 3,269 2,049/ 2,048 | 2,151|3,748| 2,014
DSR  10,7175,648|2,040/5,551|8,714/2,3207,213|3,746|3,827

B AODV DSR

Figure 6- Throughput in a 25 node scenario

DELAY
DELAY

400,000
300,000
200,000
100,000
0,000

1 2 3 4 s 6 7 8 E)

a2 [ 3 Als 6. | 7ESE 9

B AODV 249,5306,7/339,0339,01281,8250,0/277,7/305,0267,9
DSR |337,0284,7,254,8/253,5187,6314,7/264,8262,3/252,3/

B AODV DSR

Figure 7- Delay in a 25 node scenario
For the first scenario, Fig. 7 shows the Delay comparison,
indicating that the AODV protocol has alonger delay in
delivery. With less nodesin a more extended area, thereisa
higher delay than in DSR due to the distance between nodes as
AODYV is constantly identifying new routes.

JITTER
JITTER
30,000
20,000
- | puiu
0000 UL @C -d
1 2 37 4 5 6 7 8 9

B2 [ 3 [ a5 | 6 L ZjreiEs
mAODV |6,502/5,571/6,943/4,772/3,576/12,5811,93/15,05113,42
DSR [26,64/11,001,495/9,51316,16/12,72/11,42/16,6915,69

B AODV DSR

Figure 8 - Jitter in a 25 node scenario
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Fig.8 shows Jitter metrics. As mentioned before, the AODV
protocol has less delay variation. This protocol is constantly
discovering new routes, which meansit has more stability and
convergence than DSR as there are many intermediary nodes
generating new routes, having lessdelay variations as aresult.

B. Scenario 2: 50 nodes

Table2. MOBILITY PARAMETERS - 50 NODES

Parameters Quantity
Number of nodes 50
Area[m] x=750 y=700
Mobility model Manhattan Grid
Simulation duration time [ 9] 200
Minimum speed [km/h] 10
Medium speed [km/h] 25
Maximum speed [km/h] 40
Horizontal blocks 7
Vertical blocks 6

Likewise, fig.9 and fig. 10 show the distribution of the nodes

in the packet delivery and route discovery scenario.
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Figure 10- Route discovery in a 50 node scenario
Throughput
Fig. 11 shows an improvement in the throughput of the

AODV protocol inthe 50 node scenario. Asit hasless number
of nodes moving across the designated area,
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thereisalessnumber of lost packets comparedto DSRwhich TABLE 3MOBILITY PARAMETRES - 100 NODES

uses one route from the beginning and as the nodes move Par &metr os Cantidad
further away, the packet loss is higher. Number of nodes 100
Area[m] x=750 y=700
THROUGHPUT Mobility model Manhattan Grid
20,000 Simulation duration time [s] 200
10,000 =T Minimum speed [knvh] 10
ool ) K| N°N . |
Medium speed [km/h] 25
1 9 3 4 5 6 70 SIS
: , Maximum speed [km/h] 40
1 2 [ 3[a]5s e[ 7 sisg .
B AODV (9,829(7,910/12,58(7,722|16,42/6,80510,91/2,025/10,69 Horizontal blocks 7
' Vertical blocks 6

DSR |3,953/2,048(2,463|9,193/2,106|4,508/2,125/4,974/14,04

Bl AODV DSR

Figure 11. Throughput in a 50 node scenario
DELAY
In the second scenario, there is a little variation in the
Delay in the DSR packet delivery compared to AODV. As
shown in fig.12, the difference is minimum because DSR
uses the same route from the emitting node onwards and as
there are other nodes moving along there is a communication
loss, having to start a new discovery in the source node.

DELAY

3 2 3 4 5 6 7 8 =
1| 2 3 - 5, 6 7 8 2]

B AODV 285,9/332,5/318,8/329,3277,0257,4251,2/322,6282,3
DSR  1319,9250,0399,5347,0305,2/298,0262,2/347,0425,4

600,000
400,000
200,000

0,000

Bl AODV DSR

Figure 12. Delay in a 50 node scenario

JITTER

In Fig. 13, the third metric in the 50 node scenario shows
that the AODV protocol is more stable and it has a higher
degree of convergence asits Jitter islower compared to DSR.
A higher node density in the designated scenario and the use
of one route only starting in the source node generate an
overload and heavy traffic getting a higher percentage in the
Delay variation in DSR.

JITTER
20,000

" Ilb Il I I ﬁ l .
B i 1) (89 (S § N |
1 2 3 5 6 7 8 9

a4
1 2 3 4 5 6 7 8 |9,

B AODV 9,35312,5046,42212,5345,02310,2882,06012,7049,039

DSR 17,8884,08518,19717,6319,60510,6523,18213,4181,169

B AODV DSR

Figure 13. Jitter in a 50 node scenario
Scenario 3: 100 nodes

Retrieval Number: C6608029320/2020©BEIESP
DOI: 10.35940/ijeat.C6608.049420
Journal Website: www.ijeat.org

2037

The third scenario is set under the same parameters already
mentioned but increasing the number of nodes from 50 to 100
as showninfig. 14 and fig.15 evaluating deliveries and route
discoveries.

3 i i i A A I

Figure 14. Packet delivery in a 100 node scenario

——

python

5

Figure 15. Route discovery in a 100 node scenario
Throughput

Fig.16 shows the throughput results evaluated on this third
scenario in a simulation with 100 nodes distributed along the
selected area. The AODV protocol with these metrics
performs better which means that when having a higher
number of nodes, AODV becomes more efficient with more
routes discovered and making it more stable. It's worth
mentioning that the DSR protocol starts declining when the
number of nodes or connections increases asit needsto place
in the header the nodes needed from source and destination in
adetermined time frame causing buffer overflow in each node
and packet loss.
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collisions. Asaresult, this protocol isunstable, and it haslittle
THROUGHPUT convergence. This data depends on the number of nodes as
well as in the distance between them in the ssmulation area.

15,000
g e VI. CONCLUSION
g L0 0N o coneruson
S — In order to achieve the set targets, it is the utmost importance
=T TS I R e e to use NS-3 software as it is a full-network simulator
i ENEYE R TE | : comprised by different modules. It also has a guide with
B AODV |3,729|7,476/8,975/11,87/8,086/8,348 9,144 8,370 4,602 information about the |mplemented networks and specmcal |y
DSR |2,006/5,986/10,433,827/3,854/4,298.4,986/8,350/10,29 the protocols tested here.
= AODY -~ DR e The data collected duri.ng the simulations shows t.hat
Throughput, Delay and Jitter in AODV and DSR routing
Figure 16. Throughput in a 100 node scenario protocols vary according to the amount of nodes, mobility
DELAY and the size of the area used in the network topology.
¢ |n the study using the Manhattan Grid model, AODV and
DSR protocols show similar results in the three proposed
DELAY scenarios concluding that the DSR protocol has a better
B oo quality of service where there is less node density. In
i contrast, AODV is more efficient when there is a higher
0o ‘ number of nodes asit is constantly discovering new routes.
200,000 II hl ﬂl lm I H H i . Besides this, AODV has less delay end-to-end as having a
0,000 —E N A e higher number of collisions, new routes are constantly
+r 2 3 4 5 6 7 8 9 being established in contrast with DSR which maintains
a3 | 2 |5 | coln7nEcnline only one route from source to destination.
BAODYV 277,1261,7/402,0377,3!1297,5/340,5343,51230,0239,7 ° FO”OWI ng one Of the gudy goals, the Scenarios needed in
DSR [341,4/303,2/230,5/288,6/321,9338,6373,4356,41256,2 the Manhattan Grid mobility model have been successful |y

created using Bonnmotion. This tool creates files that are
compatible with the NS-2 software but with the help of
Figure 17. Delay in a 100 node scenario severa lines of code were imported to the NS-3 software
used in this study.

Fig. 17 presents the data results gathered for the second ~ ® According to the data obtained in the three simulation

B AODV DSR

metrics, the Delay on packet delivery. In this scenario, the scenarios and models, when the DSR routing protocol
Delay in the AODV protocoal is higher compared to DSR. sends a delivery it should store the destination route and
This is totally understandable as there are more nodes place it in the packet header. Having scenarios with an
involved so AODV needsto discover new routes. Asaresult, increase in the amount of nodes there is an overflow as
thereisahigher number of delays and also packet loss due to having longer routes causes a considerable growth in the
collisons caused by the high number of nodes. DSR header size and routing tables resulting in packet lossand a
experienceslessdelays asit has one route already established decrease in quality of service (QoS)

starting from the source. e Based on the analysis and comparison of the quality of
JITTER service (QoS) metrics in each scenario and model used in

this study, it could be concluded that the AODV routing
protocol performs better in high node density scenarios,
JITTER differing from DSR which is stable in smaller scenarios.
Therefore, AODV is the protocol to be taken into account
in future field trials due to scalability, city growth, heavier

i - traffic and apps increase.
o il
EFgiSB S S S S w W RECOMMENDATIONS
1 2 3 s 5 6 7 8 9

30,000

0,000

In order to study and analyze the different routing protocols

L2 134415 617 8 9 it is advisable to have information about the RFC applied to

B AODV 3,720/11,32/25,73/121,95/17,83/16,68/16,15/20,96/20,51

DSR 111,307,665 8,819/15,53/9,179/17,16/18,47/22,98 10,19 each protocol, computer networks, programming language
C++, free software, etc.
WAODV = DSR e To avoid problems during AODV and DSR simulations

in VANETS, it isrecommended to use stable versions of

software such as Ubuntu 16.04 and NS-3 2.28 as their
Fig. 18 shows the Jitter resultsin this scenario where AODV tools are documented and

has more variation in the Delay as more routes are generated operating.
given the higher number of nodes causing more traffic and

Figure 18. Jitter in a 100 nodes scenario
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e It is important to pay specia attention when getting
quality of service metricsin the protocols asthe different
existing methods do not

work in AODV and DSR on the same way when sending
packets which causes trouble getting data.

e Itisalsoadvisableto check if the mobility models chosen
for the simulation in VANETSs have libraries compatible
with the NS-3 software or if they could be created using
external tools so the metrics could be compared without
any hasse.
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