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Abstract
With recent development in vehicles, factors like safety, privacy 
and security are the main issues at roads. VANET (Vehicular ad 
hoc network) is a network formed among vehicles and roadside 
units, so that the mentioned factors are maintained. Because 
of these factors VANET is an emerging technology, but due to 
high mobility, nodes disconnects from network frequently. So 
routing protocols are very important and we need to analyze the 
performance of routing protocols in VANET. This research work 
is aimed to study the performance of on-demand routing protocols 
like DSR, AODV and AOMDV on city scenario with the help of 
ns2 simulation.
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I. Introduction
With the increase in vehicles, roads become more accident prone, 
so the usage of wireless device to communicate between vehicles 
has become necessity. Mobile nodes tend to move randomly but 
Vehicles are tend to move in an organized way. MANET (mobile ad 
hoc network), which is a wireless communication between mobile 
node. Similarly VANET (Vehicular ad-hoc network) is a wireless 
communication between vehicular nodes. In VANET vehicles 
act as a router itself, communication is made till a specific range. 
VANET uses DSRC (Dedicated short range communication) with 
range 100 to 300 m, Band with range 5.8 – 5.9 GHz [1] and data 
rate between 6 – 27 mbps [2]. Types of communication in VANET 
are inter-vehicle communication, road vehicle communication and 
hybrid communication [3].
Applications of VANET are: [3]

Safety related application: Information sharing (collision alert 1. 
message, Accident warning message etc), news broadcast 
etc.
Value Added Application: Like internet, email, online music 2. 
store etc

Fig. 1: VANET (Vehicular Ad-hoc Network)

In fig. 1 structure of VANET is shown. Due to high mobility in 
vehicles, connectivity is a problem in VANET.  To solve connectivity 
problem, many routing protocols have been proposed. But in 
this paper we are focusing on three routing protocols (AODV, 
AOMDV and DSR). AODV, AOMDV and DSR are topology 
based routing protocol and reactive Protocol [4]. In topology based 
routing protocol the available information of link in the network 
is used for packet forwarding [4]. This information is stored in 
form of tables at the node. Reactive protocols are on-demand 
routing protocol in which route is discovered when it is needed 
and maintained on only those routes which are being used [4].

This paper is focused three routing protocols (AODV, AOMDV 
and DSR) in VANET. This paper is further divided into three 
sections: In section 1, routing protocols (AODV, AOMDV and 
DSR) in VANET are discussed. In section 2, simulation and result 
of comparison among routing protocols (AODV, AOMDV and 
DSR) is done on the bases of various parameters (throughput, 
delay and routing overhead) and Section 3 concludes the best 
routing protocols according to city scenarios.

II. Routing Protocols

A. AODV(Ad-hoc On Demand Distance Vector Routing 
Protocol)

Ad-hoc On Demand Distance Vector Routing Protocol [5] is 
topology based routing protocol which uses link information 
to transfer packet from source to destination in precise manner. 
In this protocol route table is maintained by every node, if any 
changes occur in the network, then each node has to update its 
routing table. In this protocol, packets are sends from source(S) 
to destination (D) in three phases: 

1. Route Discovery Phase: A RREQ (Route request) packet is 
broadcast via flooding RREQ to all neighbors. Each time a source 
node uses RREQ packet, broadcast ID gets incremented. A unique 
identifier is formed by broadcast ID and source IP address for 
the RREQ. Each node receiving RREQ forwards RREQ to its 
neighbors, if it is not the Destination. In case, it is Destination 
or node which knows recent path to destination, it sends back 
RREP (route reply) to sender. Sequence number helps to avoid 
the redundancy of packet.

2. Data Transmission Phase: After getting the route information 
from source to destination it starts forwarding data to the route 
with the least number of hop counts.

3. Route Maintenance Phase: If data transmission fails due to 
breakage of link, then Route maintenance comes into place. The 
last node of link breakage will process route discovery phase. This 
protocol works for both unicast and multicast routing. 
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Fig. 2: (a). Path for RREQ,      (b). Path for RREP

B. AOMDV (Ad hoc On Demand Multipath Distance Vector 
Routing)

Ad hoc On Demand multipath Distance Vector (AOMDV) [6] 
protocol is an extension of Ad hoc On-demand Distance Vector 
(AODV). However, AOMDV performs much better than AODV 
[6]. In this protocol packets are transmit from source(S) to 
destination (D) in three phases:

1. Route Discovery Phase: A RREQ (Route request) packet is 
broadcast via flooding it to all neighbors. Each node receiving 
RREQ forwards RREQ to its neighbors, if it is not the Destination. 
In case it is Destination or node which knows recent path to 
destination, it sends back RREP (route reply) to sender. Destination 
forms RREP message for each RREQ packet and send it to source. 
AOMDV forms disjoint path from source to destination. AOMDV 
stores these disjoint multiple paths in routing table. 2) Data 
transmission:  Source node selects an established path according 
to the timestamp and data is transmitted through that path.

2. Route Maintenance: When a route failed to detect, then other 
paths are used to forward data. Timeout mechanism is used for 
ensuring freshness of path. To eliminate expired routes, HELLO 
message is broadcasted. If no other path is found from source to 
destination then route discovery phase is initiated. 

Intermediate nodes will check for reverse paths to source node. 
Intermediate nodes are those nodes which are common between 
different link-disjoint paths. One reverse path will be chosen to 
forward the RREP packet otherwise, the packet will be discarded. 
During the route discovery, “cutoff’ problem [7] will cause 
ignorance of some reverse paths. This problem occurs when 
intermediate node suppress duplicate RREQ packets [7]. So, the 
multiple link-disjoint paths sharing same intermediate nodes will 
combine one path. Routing cutoff problem can be solved with 
method proposed in [7].

Fig. 3: (a). Path for RREQ,       (b). Path for RREP 

C. DSR (Dynamic Source Routing Protocol)
DSR [8] is an on demand routing protocol as route is discovered 
when needed. DSR is called source routing because it does not 
update route table of nodes, instead it stores the route in its cache. 
Destination sequence number ensures loop free route to destination. 
DSR is multi-hop protocol. There are two phases:

1. Route Discovery Phase: When route is needed it broadcast 
RREQ (route request) and nodes who receive these packets 
rebroadcast further and so on. If Destination or the node which 
has route to destination, gets RREQ (route request) then it saves 
the path in cache for further use and sends back the RREP(route 
reply)  along with the path to source. 

2. Route Maintenance Phase: If source gets route error message 
then it delete that particular route from its route cache and use any 
alternative route to destination. If no alternate path is available, then 
it run route discovery phase.  It works best in low mobility network 
with low overhead. In DSR, each packet requires to carry source 
address from source to destination, so overhead is carried out by 
a packet that will lead to consume more bandwidth. Therefore, 
this kind of protocol is not suitable for large network. 

Fig. 4: Path for RREQ,   (b). Path for RREP 

III. Simulation and Results
This simulation study basically presents the graphs based 
performance of Ad hoc On Demand Distance Vector Routing 
(AODV), Dynamic Source Routing (DSR) and Ad hoc On Demand 
Multipath Distance Vector Routing (AOMDV). Simulation is 
done by using NS-2.35 [9], SUMO [10]. These performances are 
based on some parameters i.e throughput, normalized routing load, 
packet loss. Table1 summarize the simulation parameters. Here 
number of nodes stands for number of vehicles.
 
Simulation has been carried out with different number of vehicles 
for a city, various routing protocols are simulated at particular 
scenario and results are drawn and evaluated. The city used is 
Adamstown.

Table 1: Simulation Parameters
Parameters Type Value
Network simulator ns2.35

Scenario generated in SUMO
Routing protocols DSR,AODV,AOMDV
Simulation time 100 s

Number of nodes 5,10,20,40,50
Data type CBR

MAC protocol IEEE 802.11p wave
RTS/CTS None
Scenario City

Channel type Wireless

Throughput
It estimates the average amount of information correctly delivered 
(typically in Mbits and Kbits) per time unit (normally a second) 
[11]. Throughput, also referred to good put when just computing 
applicative (non-routing) traffic, is usually computed between the 
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source and destination nodes of a communication route, or as a 
general measure to estimate the overall behavior of a network. Fig. 
5 represents the related diagram to throughput in different number 
of vehicles with mentioned routing protocol, respectively.

Fig. 5: Throughput

Normalized Routing Load
Normalized routing load is the ratio of the number of control 
packets propagated by every node in the network and the number of 
data packets received by the destination node [12]. Fig. 6 represents 
the related diagram to normalized routing load in different number 
of vehicles with mentioned routing protocol, respectively.

Fig. 6: Normalized Routing Load

Packet Loss: Packet loss is the percentage of packets not delivered 
from the total sent. As one can deduce, this measure complements 
the delivery ratio [11]. Fig. 7 represents the related diagram to 
packet loss event in different number of vehicles with mentioned 
routing protocol, respectively.

Fig. 7: Packet Loss

IV. Conclusion
In this paper, comparison of AODV, AOMDV and DSR are done 
on the bases of parameters i.e throughput, loss, NRL (normalized 
routing load). AODV, AOMDV and DSR are on-demand routing 
protocols, but there routing mechanisms are different. Simulation 
is done with the help of NS2.35, by considering the city scenario. 
It is concluded that DSR performs a lot better than AODV and 
AOMDV, as DSR shows highest throughput and AOMDV shows 
the lowest. However NRL (normalized routing load) changes 
according to number of nodes. At node 20 nodes AOMDV shows 
highest NRL while DSR shows the lowest and at 40 nodes AODV 
shows the highest NRL while AOMDV shows the lowest. AODV 
shows the highest packet loss (%). Therefore, from all the above 
three parameters, DSR is most promising routing protocol for 
city scenario.
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