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Abstract 

Nowadays, the wireless networks offer new perspectives in the 
field of telecommunications, and in parallel the scientific 
researches to improve the features of such networks are 
accelerated. Being a type of wireless networks and an 
application of Mobile Ad-hoc Networks (MANETs), Vehicular 
Ad hoc Networks (VANETs) occur a number of challenges 
such as security, privacy, routing and Quality of Service (QoS). 
In this paper, we explore different routing protocols proposed 
in the literature, including proactive (DSDV, OLSR, FSR), 
reactive (AODV, DYMO, DSR), hybrid (ZRP) and position-
based protocols (GPSR). We study a global performance 
evaluation with different number of nodes and different number 
of traffics in an urban scenario. NS-2 and intelligent driver 
model with lane changing (IDM_LC) based VanetMobiSim are 
used as tool-set of simulations. We evaluate Packet Delivery 
Ratio (PDR), End-To-End Delay, Throughput and Routing-
Cost as QoS measures. Experimental results provide great 
insights in choosing a suitable and appropriate routing protocol 
for vehicular networks. 

Keywords: VANET, routing protocols, IEEE 802.11p, urban 
scenario, QoS, NS-2, VanetMobiSim. 

 

INTRODUCTION AND MOTIVATION 

Mobile Ad-hoc Network (MANET) is composed of wireless 
mobile nodes (e.g. mobile phones, PDAs, Laptops, Pocket PCs, 
smart car...etc.) interconnected with each other through an 
autonomous configuration in the absence of any infrastructure. 
Vehicular ad-hoc network (VANET [1]) is a particular kind of 
MANET, where smart vehicles act as node (see Figure 1). 

Indeed, each vehicle is equipped with transmission capabilities 
to provide communication services among nearby vehicles 
(inter-vehicle communication V2V) or nearby roadside 
infrastructures (Vehicle-to-roadside communication V2I) or 
both combining architectures (see Error! Reference source 
not found.). This type of network is considered as an enabler 
for driverless cars of the future, where future networked 
vehicles are considered as a future convergence of different 
technologies (computers, communication infrastructures and 
automobiles) [2], [3]. Though, VANET presents distinctive 
characteristics; compared to MANET; that offer possibility to 
increase network performance, but at the same time, they 
present considerable challenges [4] which hinder the use of a 
wide range of safety and no safety applications, such as vehicle 
safety, data transfer, traffic and congestion management, 
entertainment and providing internet access. 

The vehicular networks are differentiated by the MANETs by 
[5]: 

 Highly dynamic topology, 

 Frequent disconnection on the network, 

 Prediction of the position of the nodes and their 
movement, 

 Communication according to the environment 
(highway, urban, etc.), 

 Delay constraint, 

 Unlimited battery power, and 

 Computing power (not possible in MANETs). 
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Figure 1: Intelligent vehicle equipped with devices such as 
computers, network interfaces and sensors that collect 

information and treat them [6].  

 

 

Figure 2: Different modes of existing communications in 
vehicular ad-hoc networks 

 

The main problematic in Vehicular Ad-hoc Networks is the 
huge amount of mobility making the network topology 
incredibly dynamic, the frequent disconnection on the network, 
and the lack of organization of transmitted data according to the 
environment in such network. In addition to that, users can 
receive ambiguous data, these data can not correspond to the 
field of source of the sender and may lead the receiver to error. 

The aim of this paper is to observe and compare eight of 
common routing protocols over urban scenarios in order to 
provide a better understanding of these protocols and their 
behaviors. In addition, we used these wide variety of protocols 
to provide a practical and useful reference, for further study on 
different classes of vehicular routing protocols to support QoS, 
or for a future improvement. 

The rest of this paper is organized as follows. Section 2 presents 
several studies from literature about VANETs. Section 3 gives 
a detailed classification of different evaluated protocols in our 
work. Section 4 discusses existing mobility models for 
vehicular networks. Section 5 shows our performance 
evaluation. The experimental analysis is given in section 6, 
while section 7 summarizes this work by concluding results and 
presents some future directions. 

 

RELATED WORK 

Several research studies have been carried out to enhance the 
routing on VANET. The performance analysis of the protocols 

is the major step before selecting a particular routing protocol. 
In fact, path routing and protocol selection are the primary 
strategies to design any vehicular ad-hoc network considering 
data delivery, data integrity and especially time delivery.  

In [7], the authors study the performance analysis of four well-
known routing protocols; Ad-hoc On-demand Distance Vector 
(AODV), Dynamic Source Routing (DSR), Optimized Link 
State Routing Protocol (OLSR) and Distance-vector routing 
protocol (DSDV); using Network Simulator NS-2 over 
MANET. They evaluated four performance measures i.e. 
control overhead, Packet Delivery Ratio (PDR), end-to-end 
delay and throughput with different number of nodes, different 
speed (pause time) of nodes and different size of network. In 
summary, the researchers confirm that DSR protocol is the best 
in terms of average PDR while the network size does not 
exceed more than 600x600 m2. and both of PDR and 
throughput are the prime criteria. If it is not the case, the OLSR 
protocol is the better solution for high mobility condition. 

As mentioned before, VANET represent a subclass of 
MANET, which the design of routing protocols is crucial due 
to the highly dynamic topology that characterized this kind of 
application. Hence, the VANET routing protocols must 
establish an efficient route between network nodes. Therefore, 
various studies have been dedicated to this issue. 

In [8], the authors evaluate the performance of OLSR and 
AODV protocols in a VANET crossroad scenario according to 
IEEE 802.11p standard of MAC LAYER. As tool-set for 
simulations, they use CAVENET to generate the movement of 
the vehicles and NS-3 to test the performance of routing 
protocols. The researchers use PDR, Throughput and Delay 
metrics. They analyze the performance of the network by 
sending Constant Bit Rate (CBR) traffic over UDP standard 
and considering different number of connections. From 
experimental results, when the number of connections is high, 
OLSR performs better than AODV protocol.  

In paper [9], authors illustrate the differences between AODV, 
DSR and DSDV based on TCP and CBR connection with 
various network parameters. The performance of these three 
routing protocols shows some differences in low and high node 
density. Indeed, in low density with low pause time, the PDR 
of CBR connection for these routing protocols is low. While for 
TCP connection, the PDR is high for DSR and average for 
DSDV. 

However, most of the papers analyzed the performance of 
topology based routing protocols. Authors in paper [10] 
analyze the performance of distance-effect routing algorithm 
for mobility (DREAM) and location aided routing (LAR) 
location-based protocols for city and highway vehicular 
environment. Metrics for analysis of performance like PDR, 
routing overhead, delay, throughput and lost packet ratio are 
evaluated using NS-2 with IEEE802.11p.  

In against part, many works have been done to give a general 
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idea on routing over ad-hoc networks and help researchers to 
see more clearly about the main interesting topics to aim in the 
future.  

In [5] the researchers discuss the main characteristics and the 
research challenge of routing in VANETs, which may be 
considered in designing various routing protocols. Through this 
extensive survey, they conclude that the main distinguishing 
factor among the various VANET protocols is the means of 
identifying and organizing routes between the source and 
destination pairs. they also highlighted certain issues related to 
these protocols and proposed corresponding solutions. 
According to this generally survey, position-based routing and 
geo-casting are more efficient than the other routing protocols. 
Moreover, they affirm that the infrastructure based routing 
protocols are most promising for VANET communication.  

The paper [11] also joined this idea. In fact, the authors of this 
paper present main category of routing method for position 
based routing and Non-Delay tolerant protocol in VANET, 
which may be promising technology for Intelligent Transport 
System (ITS). VANET routing methods, merits and demerits 
of non-delay tolerant routing protocols are discussed. In 2016 
the survey of VANETs are also given by focusing on their 
communication and application challenges. In particular, the 
authors discuss the protocol stack of this type of network, and 
provide a qualitative comparison between most common 
protocols in the literature. Then, they present a detailed 
discussion of different categories of VANET applications. 

However, besides surveys and performance analysis, authors of 
[12] propose a new reactive routing scheme in which the 
available channels are exploited for the optimization of a new 
metric, which takes into account different characteristics. NS-2 
simulator has been employed to validate the Reactive Routing 
Protocol for VANETs, showing how it performs better than 
other protocols in terms of different performance variables. It 
has been shown that the proposed idea enhances classical 
protocols performance in terms of throughput, packet delivery 
ratio and end-to-end delay, despite of a slight increase in 
protocol overhead due to the addition of the signaling packets 
to calculate the parameters of the proposed metric. 

Even if several studies have been proposed to evaluate and 
compare the performance of some routing protocols dedicated 
to VANETs environments, there is still a lack of research 
papers devoted to this promised issue. The aim of our paper is 
to give a performance comparison of a wide range of different 
protocols in an urban scenario which confront more 
complication. 

 

ROUTING IN VANETs  

A. Routing concept 

Routing [13][14] is a process to forward information to the 
right destination through a given network. The routing problem 

is to determine and reserve an optimal way for traffic 
forwarding, and ensure its durability in the event of any failure 
of arc or node. 

Therefore, it is important that any routing protocol design 
should consider the following issues: 

 Minimize the load on the network, 

 Provide support to perform reliable multi-point 
communications, 

 Ensure an optimal routing, and 

 Provide a good quality for latency. 

 

B. Classification of routing protocols  

The principal aim of routing protocols is to provide optimal 
paths between network nodes with minimal overhead. Many 
routing protocols have been developed for VANETs, which are 
classified in the literature [15][20] in different ways and 
according to many aspects. In this document, we consider two 
classifications namely transmission strategies and routing 
Information as shown in Figure 3:. 

 

 

Figure 3:. Taxonomy of different routing protocols 
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i. Transmission strategy 

The principle of this strategy is to disseminate the information 
from a source to a destination. It can be classified into: Unicast 
that disseminates information from a single source to a single 
destination using multi-hop or store-and-forwarding 
mechanisms, Any-cast that redirects the data to the nearest or 
most efficient node according to the routing policy and the 
Broadcast, the Multicast and the Geo-cast are simple methods 
to distribute data to multiple nodes at once. 

ii. Routing information 

This class is divided into two sub-categories: routing protocols 
based on the topology and based on the position. 

 

a. Topology based routing 

These routing protocols use links information of routing tables 
that exists in the network to perform packet forwarding. They 
are divided into Proactive and Reactive classes: 

 

Proactive routing protocols: The principle of proactive 
protocols is to calculate routes in advance, continuously and to 
maintain update routing tables irrespective of communication 
requests. The various types of proactive routing protocols are: 
OLSR, FSR. 

Reactive routing protocols: The principle of reactive 
protocols (also called demand routing protocols) is to start the 
process of searching for roads that if a node wants to 
communicate with others (on request). As a result, it reduces 
the network load. The various types of reactive routing 
protocols are AODV, DYMOUM, DSR and TORA. 

Hybrid routing protocols: Mostly the hybrid protocol divides 
the network into several areas to provide higher reliability for 
the discovery of the road and the maintenance process. Each 
node divides the network into the inside and outside regions, it 
uses a proactive routing mechanism to maintain the roads of the 
nodes inside region and uses a route discovery mechanism in 
order to reach the nodes in the outside region. Many hybrid 
protocols exist as ZRP. 

 

b. Position Based Routing Protocols 

Routing based on the position (or geographical) is based on 
information on the current routing position. This type of 
protocols requires every node be capable to know its location 
and its neighbors’ location using a Geographical Position 
System (GPS [21]). Geographic routing protocols are classified 
into three categories: 

 

Delay tolerant network (DTN): Designed to efficiently 
operate in networks with some characteristics, as low density. 

Because of the high mobility and insufficient number of 
vehicles it causes frequent communication disconnections, 
large scale, long lead-time, limited bandwidth, power 
constraints and rates high bit error. The DTN protocols are 
based on a store-and-forwarding strategy that means there is no 
end-to-end guaranteed continuously connectivity. So, if there 
are no node suitable to forward the packet to another zone, the 
packet will be cached until it there an adequate node to 
forwarding the packet. VADD [43] and GeoDTN+Nav [22] is 
an example of this kind of protocols. 

Not delay tolerant network (not DTN): Is suitable only for 
high density environments, it does not take into account the dis-
connectivity. It works on the assumption that there is enough of 
vehicle. Many not-DTN routing protocols handle this failure by 
different strategies such as Beacon, No-Beacon and Hybrid. 

Hybrid network: The hybrid routing protocol merges the 
characteristics of two or more routing protocols based on the 
position (DTN and not-DTN), sometimes it merges one or more 
routing protocols based on topology (reactive, proactive and 
hybrid) with routing based on the position. The hybrid routing 
protocol based on the position is a mixed protocol that benefits 
from strategies of these protocols. According to [23], [24], the 
Figure 3: collects and gives more details as these categories. 

 

C. Chronology 

In [25], [26], the authors present a chronology of routing 
protocols in VANETs. The following Error! Reference 
source not found. with their dates of publishing. 

 

 

Figure 4: Chronology of greedy routing protocols 

 

D. Routing Protocols 

Following, we quote the principle of some protocols of this 
wide range of routing protocols: 

DSDV [27] ‘Destination Sequence Distance Vector’ is a 
proactive protocol that was initiated in the late 90s by a working 
group MANET. This protocol implements the strategy of the 
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distance vector. It uses the routing algorithm of the shortest 
path to provide a single route without loop to the destination 
which is stored in the routing table. DSDV increases the load 
on the network due to frequent broadcast updates that make it 
unsuitable and inadequate for large-scale networks. 

OLSR [28], [29] ‘Optimized link state routing’ is a proactive 
routing protocol based on point to point routing. It is an 
improved version of the link state routing protocol that chooses 
the optimal path in a flood processes for configuration and 
maintenance of the road. These enhancements and 
optimizations are focused on nodes, specially selected, called 
multipoint relays (MPR). However, OLSR can cause 
congestion on the network because of the frequent sending of 
control packets which handle changes in the topology. In 2003, 
T. Clausen and P. Jacquet described OLSR and found that it is 
desirable to use it in large and dense networks. Other works 
have been developed over the years including military service 
where radio coverage is usually limited and requires multi-hope 
routing is essential. Metrics of the protocol found in [30]. 

FSR [31] ‘Fish-eye state routing’ is an implicit hierarchical 
routing protocol. It is considered a proactive protocol too and 
implements the strategy of link state. The FSR protocol is the 
descendant of GSR. It reduces the size of updated messages by 
updating the network information at a higher frequency for 
closed nodes. This makes FSR more scalable FSR especially 
for large networks. However, this evolution is gained while the 
routing is imprecise. However, the inaccuracy can be corrected 
by making the frequency with which updates are sent to the 
remote destinations proportional to the level of mobility. 

AODV [32] ‘Ad-hoc On-Demand Distance Vector’ a reactive 
routing protocol based on DSDV and DSR algorithm. It has the 
ability of both unicast and multicast routing. This routing 
protocol is greedy of energy as it aims to reduce the number of 
broadcast messages sent across the network by discovering 
routes on demand instead of keeping all information on the 
updated route. Charles E. Perkins and Elizabeth M. Royer 
explain in detail their algorithm that adapts to large populations 
of mobile nodes wishing to form ad-hoc networks in [32]-[34]. 

DSR [35] ‘Dynamic source routing’ which is a reactive 
protocol, it forms a route when demanded like AODV, it is 
designed specifically for wireless ad hoc multi-hop networks. 
Unlike other protocols, DSR uses the technique of source 
routing instead of relying on the routing table of each 
intermediate node. In large-scale networks, DSR protocol is not 
very efficient since each source must have a global vision on 
the network, However, its contribution is evident in the small 
networks and resources. 

DYMO [36] ‘Dynamic MANET on Demand’ is a reactive 
routing protocol that works in wireless networks multi-hop. It 
is not the first protocol to make improvements to AODV, the 
various similar works have already been completed including 
those proposed by [36]. DYMO shares many advantages of 

AODV and DSR, it has also two basic processes: the route 
discovery and its maintenance. Moreover, this protocol is a 
little easier to implement and customize with simple and 
precise improvements. 

ZRP [37] ’Zone Routing Protocol’ designed by Zygmunt Haas 
in 1997 to be used in large-scale networks. It is the first protocol 
developed as a hybrid routing protocol, it sets up 
simultaneously: 

- Proactive routing, directed by IARP (Intra-zone 
Routing Protocol) within a restricted area, which 
allows to update the status of the network and to 
maintain roads, whether or not there is data packets 
circulating. 

- Reactive approach by using a restricted IERP (Inter-
zone Routing Protocol), which does not determine the 
route among the node in specific zones except, in the 
case of need to transmit the packets. 

Unlike traditional ad hoc networks MANETs, routing in 
vehicular networks is a real obstacle. The difficulty of routing 
in VANET networks lies in the instability of the roads caused 
by their high mobility and frequent network fragmentations. In 
fact, proactive protocols like OLSR and FSR will be 
overwhelmed by a very frequent topology change. In contrast, 
reactive protocols such as DSR and AODV require time to 
search for a route. Thus, the position routing (or geographic) is 
considered to be more stable and suitable for VANET with a 
high mobility environment compared to topology-based 
routing. Indeed, several geographic routing protocols have been 
proposed in recent years like GPSR. 

GPSR [38] ‘Greedy Perimeter Stateless Routing’ is a popular 
reactive routing protocol that belongs to the category of 
geographic protocols. It consists of two methods for packet 
transmission: greedy forwarding and perimeter forwarding. 
This protocol exploits the correspondence between geographic 
position and connectivity in a wireless network, by using the 
positions of the nodes with GPS equipment (Global Positioning 
System) or by a distributed positioning system to make 
decisions of packets transmission. 

LAR [39] ‘Location-aided routing’ is a reactive routing 
protocol, designed to reduce existent overload in the routing 
algorithms using traditional flood location information. This 
protocol assumes that each node knows its location by GPS. 

GyTAR [40] ‘Improved Greedy Traffic Aware Routing 
Protocol’ is a new protocol based on the geo-location 
information and also adapted to urban environments. This 
protocol consists of two modules:  

- A dynamic and progressive selection of intersections 
through which a packet must pass to reach its 
destination. 

-  An improved greedy approach for sending data 
packets between two intersections. 
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However, unlike existing protocols, GyTAR dynamically 
selects the intersections and intersection-by-intersection. A 
study of GyTAR [41] it shows that it minimizes the time from 
start to finish while providing a low loss rate of data packets 
compared to other routing protocols such as LAR and GSR 
(Geographic source protocol) [42]. 

VADD [43] ‘Vehicle-Assisted Data Delivery’ is based on the 
idea of carry and forward which means that the nodes can either 
record the message or transfer between vehicles. The biggest 
problem is to choose a transmission path with the smallest 
delay of packet delivery. Although the approaches of 
geographical transfer, as GPSR approach always chooses the 
next hop closer to the destination. These approaches are very 
effective for the data transmission in the ad hoc networks, they 
may not be suitable for the network of vehicles weakly 
connected. For this, authors of [44] have proposed three VADD 
sub protocols: VADD First Probe (L-VADD), Direction First 
Probe (D-VADD) and Hybrid Probe (H-VADD) to ensure 
transmission of packets in a shorter period through a shortest 
path. 

 

MOBILITY MODELS 

To assess any routing protocol in VANETs, the most important 
parameter is select a mobility model that is adapted with the 
reality. The performance of a protocol varies two things, on one 
hand the mobility model which reflects the movement of 
mobile nodes in a given simulation, and on the other hand the 
scenario of data traffic among the mobile nodes. 

The paper [45] showed all the methods and approaches used to 
evaluate the performance of routing protocols. This work 
includes all the tools and techniques as a whole. As we know 
that practice is based on the VANET simulation, then it is 
important to study and compare the techniques and tools 
involved in the deployment of VANET [46], [47]. 

Mobility is very important in the vehicle network simulation. 
Indeed, it is this, that will determine if two peers are close and 
can communicate. One of the Characteristics of vehicular 
networks is the movement of vehicles which characterized by 
the infrastructure (roads, traffic lights, crossroads, etc.). 

To define an appropriate model, we distinguish the following 
environments: 

 Free-way: open environment characterized by a high 
rate of speed limited by min and max movement 
speed, with overtaking vehicles and a density of nodes 
depending on the time and the day. 

 Town: moderate speed with a greater probability of 
intersection. There are places to stop at traffic lights, 
a high density of cars, and the existence of some roads 
more popular than others (main roads, commercial or 
tourist spot, for example) routes. 

 Open field: characterized by lower speeds with lower 
density of cars. 

For mobile ad hoc networks, Random Way Point model (RWP) 
[48] is one of the mobility models and the most common used 
in the simulations. In this model, each node chooses a random 
destination in the geographic boundary of the network and also 
chooses a random speed of movement (between a minimum 
and maximum speed). Once the node reaches the destination, it 
pauses for a period of time. Then, the node repeats the process, 
by choosing a different destination and a random speed. In this 
case, the mobile nodes move randomly and independently of 
each other. 

Another available model in GloMoSim is trace file that allows 
to take positions pre-calculated by other software. This is the 
method that was used in our simulations using the 
VanetMobiSim/ CanuMobiSim software [49]. This later 
focuses on the mobility of vehicles and offers new models of 
realistic motion of the car at the macroscopic and microscopic 
level. 

VanetMobiSim includes several mobility models [50], [51] that 
are IDM (Intelligent Driver Model), IDM-LC (Intelligent 
Driver Model with lane changes), IDM-IM (intelligent driver 
model with intersection management) and FTM (fluid traffic 
model). They were validated by TSIS CORSIM - a well-known 
and validated traffic generator - evidence of the high level of 
realism achieved by VanetMobiSim. For the purpose of 
evaluating the impact of these mobility models, many works 
have been summarized in [52]-[54], confirming that each one 
of these models is suitable for some specific circumstances and 
specific protocol.  

 

EVALUATION PERFORMANCES 

A. Methodology 

The simulations have been conducted to evaluate and compare 
height of different routing protocols. The protocols are 
simulated in a NS-2 simulator [55] and VanetMobiSim. In fact, 
our generator mobility exploits the model IDM-LC being the 
most convenient for our work since it takes into consideration 
intersections, traffic lights, vehicle speeds and neighbor's 
consideration, and also the changing lanes. This model allows 
us to generate the deployment file that will be used later in NS-
2.33. The NS-2 network simulator is configured for eight 
protocols studied in the classification of the routing protocols, 
the mobility pattern, traffic generation, agents, the number of 
nodes, transmission range, topology, routing traces, etc. On the 
other hand, we have the TCL file representing the core of our 
simulation and is used for configuring network settings. This 
file creates two files: trace and NAM, which are used 
respectively for analysis and animation. The trace file reflects 
the exchange of information between the nodes of 
communication such as the time, the sending node, the 
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receiving node, the packet type, etc. 

The generated trace file is analyzed and observed using the 
AWK language. Thanks to the latter, one can calculate the load 
of routing, the rate of packet delivery and delay of any 
communication. These parameters are plotted using the 
MATLAB graph [56]. A block diagram illustrated in Error! 
Reference source not found. describes the overall steps of 
simulation process. 

 

 

Figure 5: Methodology Block 

 

B. Simulation Parameters  

We have created a realistic urban environment, an area of 1000 
x 1000 meter2 compound of intersections and roads 
bidirectional. Each point on the resulting graph represents the 
average of 10 repetitive simulations, each iteration spends 
1000s. 

Error! Reference source not found. illustrates an example of 
the topology used in our experiments, while Table 1 and Error! 
Reference source not found. give respectively the parameters 
used in NS-2 and scenario implemented by IDM-LC model. 

 

 

Figure 6: Topology of the road network used in the 
experiments by VanetMobiSim 

Table 1: NS-2: Parameters used for network simulation 

Parameters Values 

Simulation time 1000s, 

Size area 1000*1000 m2 

Number of vehicles 20, 50, 100, 150, 200 

Number of connections 3,10,15, 20 

MAC Protocol IEEE-802.11p 

Propagation Model Two-Ray-Ground 

Radio range 250 m 

Traffic model CBR/UDP 

Flow of CBR sources 1 packets/s 

Channel capacity 2 Mbps 

Packet size 32 octets 

 

Table 2: Parameters used for mobility model 

Parameters Values 

Mobility model IDM-LC 

Simulation area 1000*1000 m2 

Traffic light interval 10 s 

Number of vehicles 20, 50, 100, 150, 200 

Min speed 5 m/s 

Max speed 13.89 m/s 

Number of lanes  2 

Min stay 10 s 

Max stay 50 s 

Position Generator Random every time 

 

C. Studied metrics 

Packet Delivery Ratio: The calculation of the lost packet is the 
ratio between the number of packets sent and number of 
packets received. It occurs when there are errors on data 
integrity. In today's networks where transmission quality is 
very good, this become marginal. The delivery rate PDR is the 
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opposite rate loss metric. This latter allows to reveal whether a 
protocol is able to send all outgoing data packets. Its calculation 
is as follows in equation (1): 
 

𝑃𝐷𝑅 =
𝑁𝑢𝑚𝑏𝑒𝑟𝑂𝑓𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝑃𝑎𝑐𝑘𝑒𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟𝑂𝑓𝑆𝑒𝑛𝑡𝑃𝑎𝑐𝑘𝑒𝑡𝑠
          (1) 

 

End to end delay: Latency describes the transfer time of packet 
from one start-point to endpoint. The data contained in a packet 
become useless for the application if it is materially retarded 
beyond the permitted value. The final equation (2) of EED or 
E2E is: 

𝐸2𝐸 =
𝑇𝑖𝑚𝑒𝑂𝑓𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑎𝑐𝑘𝑒𝑡

∑ 𝑁𝑢𝑚𝑏𝑒𝑟𝑂𝑓𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝑃𝑎𝑐𝑘𝑒𝑡𝑠 
           (2) 

 

Throughput: The flow rate is the amount of information 
successfully received in a time unit. It has an important 
consideration in selecting a routing protocol for mobile 
networks. Its calculation is as follows: 
 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
∑ 𝑆𝑖𝑧𝑒𝑃𝑎𝑐𝑘𝑎𝑔𝑒𝑠𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑

𝑇𝑖𝑚𝑒𝑅𝑒𝑐𝑒𝑝𝑡𝑖𝑜𝑛 − 𝑇𝑖𝑚𝑒𝑆𝑒𝑛𝑑𝑖𝑛𝑔
  (3) 

 

Routing-Cost: is defined as the ratio between the total number 
of bytes of the routing packets that (includes forwarded routing 
packets and control packets as well) and the sum of the amount 
of the received data. We use the following equation (4) to 
calculate the routing cost: 
 

𝑅𝑜𝑢𝑡𝑒𝐶𝑜𝑠𝑡 =
∑ 𝑆𝑖𝑧𝑒𝑂𝑓𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑𝑅𝑜𝑢𝑡𝑖𝑛𝑔𝑃𝑎𝑐𝑘𝑒𝑡𝑠

∑ 𝑆𝑖𝑧𝑒𝑂𝑓𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝐷𝑎𝑡𝑎𝑃𝑎𝑐𝑘𝑒𝑡𝑠
 (4) 

 

RESULTS AND OBSERVATIONS 

A. Study of the impact of load 

We recall that to study the impact of the traffic load, we vary 
the number of connection while keeping the number of nodes 
fixed. For our work, we select a number of connection varying 
from 3 to 20 with a number of nodes equal to 100. 

 

Figure  2: Packet delivery ratio as function of data traffic load 

We note in the first Figure  2 that the OLSR seems to be the 
worst performer in terms of rate of packets delivered since it is 
not very well suited for dense network with frequent topology 
changes. While DSR and AODV as reactive routing protocols 
exhibit better performance in all cases. GPSR, taking into 
account the position of the nodes has a good performance, 
followed respectively by FSR, DSDV and DYMOUM 
protocols. We note that in the range 3-15 connections, all 
protocols maintain almost the same result, but the rate begins 
to decrease slightly with the gradually increase in the number 
of connections (20 connections). This is also the case for ZRP 
protocol, we observe a remarkable decrease between 15 and 20 
connections. 

 

 

Figure 3: End to End Delay as function of data traffic load 

 

Figure 3 presents the end-to-end delay (E2E) as function of 
data traffic load for each routing protocol tested. As we can see 
GPSR and DSR are the most efficient protocols since they take 
a minimum delay to get the packet to its final destination. We 
can explain this by the fact that GPSR use position information 
of its neighbors to choose the nearest one as transmitter. Then 
AODV, FSR and OLSR come almost close to each other but 
with a result less than GPSR and DSR. However, DYMOUM 
gets low results, but not worse than the results of ZRP and 
DSDV. Indeed, ZRP followed by DSDV protocols are the 
worst performers because they take much more time to discover 
the available route.  

Regarding the impact of data traffic load, we remark that the 
E2E of most protocols is stable. we conclude that the number 
of data traffic has no impact on end to end delay in almost all 
protocols tested. 

Regarding the throughput average shown in Figure 4, we find 
that the results are very close to the 8 protocols. This does not 
preclude the DSR and DYMO protocols remain the worst 
performing while the GPSR seems to be the best choice out of 
the existing protocols. The throughput average increases 
linearly with the increase of the number of connections. This is 
logical. 
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Figure 4: Throughput as function of data traffic load 

 

 

Figure 10: Routing Cost as function of data traffic load 

 

The Error! Reference source not found. shows the average 
routing cost for each routing protocol tested. DSR and GPSR 
are again the most efficient since they use less routing cost. This 
is expected as GPSR handles topology changes with less 
messages. Regarding to DSR, we can explain the result by the 
fact that it uses the cache for the route discovery. Let’s note that 
the cache is a data structure that stores information on existing 
routes to a specific destination. It is used to overload frequent 
route discovery in DSR to avoid overloading the network by 
sending Route Request packets. The route-cost of AODV 
increase as the number of connection increases. OLSR 
followed by ZRP are the worst performers and must clearly be 
avoided for VANETs in such urban settings. This is probably 
due the density of network and to the frequent topology 
changes that result in disconnected paths and the need to 
frequently re-run the route discovery which increase routing 
cost. 

 

B. Study of the impact of density 

To Study the impact of density we vary the number of nodes 
while keeping number of connections fixed. In our work, 
considering urban topology, the number of vehicles is varied 
from 50 (low density) to 200 (important density), and the 
number of CBR data traffic is kept at 3. 

 

Figure 11: Packet delivery ratio as function of density 

 

Error! Reference source not found. show the Packet Delivery 
Ratio (PDR) obtained for each routing protocol as function of 
number of vehicles on urban scenarios. It is clearly shown that 
the PDR of AODV and DSR are greater than the others (around 
90%). This is due to their mechanism of discovery and 
maintenance of routes. DSR provides internal optimizations 
that block reception error routes and in the case of breach of 
paths, an intermediate node repairs the road without notifying 
the node that generates the traffic. 

DSDV, FSR, DYMO, and GPSR protocols exhibit good PDR 
in scenarios of low density, because the probability of failing 
communications links between the nodes will be low, therefore 
there is less invalid entries in the routing tables, which results 
in the values of high rate packet issued. However, when the 
density increases, performance of almost these protocols 
decrease. The ZRP protocol declines progressively as network 
density increases. This situation can be explained by that ZRP 
performs according to the zone radius. In fact, when the zone 
radius is high, ZRP behaves like a pure proactive protocol. 
Hence, delivery ratio is reduced due to its proactive nature. 
Regarding OLSR, it shows also an interesting rate in a network 
with a low density but when the density increases, it fails. 
Indeed, we notice an acute fall between 50 and 100 vehicles, 
and when the number of vehicle exceeds 100, PDR of OLSR 
becomes null. 

 
Figure 5: End to End Delay as function of density 

 

On the other hand, Figure 5 presents the achieved (average) 
end-to-end delay as function of vehicle density for each routing 
protocol tested. As we can see, the E2E increases for the eight 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 13 (2017) pp. 3867-3878 
© Research India Publications.  http://www.ripublication.com 

3876 

protocols. This is expected because when the network becomes 
dense, the traffic rises and that can result in significant end-to-
end delays.  

Like in the case of the data traffic Load study, the DSR and 
GPSR are the most performers. AODV also has a minimum 
delay but only in scenario with low density. In the case of 
important density, its E2E increases, then, the performance of 
AODV decreases. As for the worst protocols, which are ZRP, 
followed by DSDV, DYMO and FSR take very long times to 
get the packet to its final destination compared to the others 
protocols. OLSR could be well classified as if it was not 
constrained, since it does not support dense networks. Finally, 
GPSR is the best choice for keeping end-to-end delay at a 
minimum level especially with the RDP that it has. 

 

 

Figure 6: Throughput as function of density 

 

Figure 6 presents the throughput as function of vehicle density. 
It shows that the GPSR has higher flow than the others 
protocols. the throughput of AODV and DSDV is almost stable 
in all case of density, while that of ZRP, DYMOUM and FSR 
varies unexpectedly. Further, DSR provides poor throughput 
where it addresses the most declined values compared to the 
other protocols. 

 

 

Figure 7: Routing Cost as function of density 

 

Figure 7 illustrates the routing cost according to the number of 
moving vehicles. First of all, it is noted that when the number 

of mobile nodes increases, the cost increases especially for 
FSR, ZRP, DSDV, DYMO and OLSR. Moreover, by varying 
the number of nodes, GPSR, DSR and AODV protocols 
reduces the routing cost when compared with the five others. 
This reduction in the cost of routing can be explained by the 
fact that these protocols reduce the number of packets TC and 
does not increase the size of the message header HELLO. 
Therefore, no additional signaling overhead is induced. 

 

CONCLUSION & PERSPECTIVES 

This document describes the simulation model according to the 
number of nodes and the data traffic load in the network 
topology. It is appropriate to use the realistic scenario to 
appraise the scalability and the ability to support QoS of the 
above eight protocols for vehicular ad hoc network. 

In our comparative study of the performance of eight widely 
acknowledged VANET routing protocols which are AODV, 
DSDV, DSR, FSR, OLSR, GPSR, ZRP and DYMO, we use a 
large-scale urban environment with realistic vehicle mobility 
under network traffic generated from VanetMobiSim. The four 
QoS metrics chosen are: packet delivery ratio, the throughput, 
the end to end delay and the routing cost. 

This paper makes contributions in three areas. The first one 
illustrate literature surveying where we present a global 
overview of VANET, including routing protocols and their 
classification. The second area is the impact of urban scenarios 
on routing protocols, finally we put forward to use this large 
series of routing protocols for vehicular ad hoc networks. 

Our goal is to provide a better understanding of these protocols 
and their behavior, and also provide a useful and beneficial 
reference for further study on different classes of vehicular 
routing protocols to support QoS.  

According the result analysis, we can say that the geographic 
routing protocols perform better in Vehicular ad-hoc network 
compared to the other routing protocols since this type of 
protocols use the position information which is suitable for 
such a network. 

So far we have seen in this study the different routing protocols 
and their own features and results. This comparison is essential 
to enhance existing protocols and design a new for VANET. 
This will be the object of our next research. 
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