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Abstract— In this ever-growing era of the technology, road 

accidents and traffic related issues are increasing day by 

day. Therefore technological advancements are required to 

alleviate current traffic and road-safety issues. For that 

purpose, application of IEEE 802.11 wireless standards is an 

upcoming area of interest. Vehicular Ad-hoc Network 

(VANET) is the research area that is developing very fast. It 

is an extension of MANET (Mobile Ad-Hoc Network). 

Routing is the most puzzling task for VANET because of its 

high mobility and its frequent changes in topology. This 

review paper aims at analysing the work that has already 

been done to review the performance of the MANET routing 

protocols in VANET and justifies the need to include 

propagation models as one of the deciding factors of routing 

protocol performance. 
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I. INTRODUCTION TO VANET 

The road traffic accidents are a primary cause of death 

worldwide, and the chief cause of death among those are in 

the age group of 15-29 years.  [1]  

 
Fig. 1: Causes of deaths among aged 15-29 

 VANET is the idea of vehicles sharing information 

and working in cooperation to make transportation safer. 

This notion of safer transportation is truly very compelling, 

considering the increasing number of cars on the road along 

with increase in the number of road accidents. All the 

technology associated with this notion of road safety are 

communally known as Cooperative Intelligent 

Transportation System (C-ITS). C-ITS promises to reduce 

the traffic congestion and significantly reduce the number of 

lethal traffic accidents. 

 There are several types of infrastructure-less 

networks. One of them is ad-hoc networks. Ad-hoc 

networks are assembly of wireless nodes without any 

stationary infrastructure.  

 MANET is one of the types of the ad-hoc 

networks. VANETs are categorised as application of 

MANET that has very high vehicular mobility and can be 

applicable in advancements of road safety and travel 

applications. VANET is relatively more dynamic in nature 

and ever-changing compared to MANET. This results in far 

more disconnected links between nodes. Another major 

difference is that MANET usually deals with various mobile 

nodes whereas in VANET we need to establish 

communication links between very mobile nodes (vehicles) 

and stationary nodes (infrastructure nodes). Unlike 

MANET, VANET involves some infrastructure. VANET 

node to node connectivity can be either V2V (Vehicle to 

Vehicle) or V2I (Vehicle to Infrastructure) or I2V 

(Infrastructure to Vehicle) [2]. RSU (Road-side Units) are 

usually connected to a backbone network such as the 

Internet. [3] 

Characteristics of VANET:  

 VANET nodes can be classified into RSU (Road Side 

Units) and mobile units (vehicles) 

 In VANET the movements of vehicular nodes are 

relatively very fast compared to the mobile nodes in 

MANET 

 Road topology affects the movement of vehicular nodes 

 Vehicles acts as transceiver, thus sending and receiving 

the data at the same time while forming a extremely 

dynamic network which keeps changing constantly. 

 Node density is highly variable. It would be very high 

during peak hours and it would decrease at the night 

time. 

II. ROUTING PROTOCOLS 

Establishing dependable routes, and maintenance and 

reconstruction of routes in time between nodes in a network 

are main responsibilities of routing protocols. Routing 

protocols are indispensable in ad-hoc networks. They 

generate routes between every node from the topology 

information they collect from the nodes. Ad-hoc routing is 

generally categorized into three categories: Proactive, 

reactive and hybrid. [4] 

A. Proactive Routing 

In proactive routing, the routers create and maintain updated 

routing information to all the nodes irrespective of the need. 

[4] Usually, proactive routing is not very bandwidth 

efficient as even during the absence of the data the control 

messages are still broadcasted to the network. The key 
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advantage of proactive routing is easier fetching of routing 

information. In this type of routing, the problem is that there 

is too much overhead at the nodes for route maintenance and 

restructuring is very slow in events of a failure of an existing 

link in the network [4]. DSDV and OLSR are some of the 

examples of the proactive routing protocols. 

 Destination Sequenced Distance Vector (DSDV) 

[5] routing protocol is established on the Distributed 

Bellman Ford Algorithm [6]. In DSDV, the messages are 

exchanged between the destination and source via single 

path which is computed by using the distance vector 

algorithm. DSDV still has a great amount of routing 

overhead due to periodic updates of the routing tables. 

Therefore, this protocol will be able to scale in huge 

networks like VANET as a large portion of the network’s 

bandwidth will be used for the updating procedure purposes. 

[4] 

 Optimised Link State Routing (OLSR) [7] is an 

optimisation of pure link state protocol. In this protocol, all 

the link information of the neighbouring nodes is flooded in 

the entire network. This protocol decreases the size of the 

control messages by using a method called multipoint relay. 

[8] In multipoint relay, the size of control packets are 

reduced by dropping an identical retransmission packets in 

the same region. Each control message has a sequence 

number of current information therefore it does not request 

an ordered delivery of packets. In OLSR, each node in the 

network broadcasts HELLO message after a predetermined 

interval of time which carries the link status information of 

neighbours of respective nodes. OLSR working can be 

categorised into four phases: sensing of neighbours, 

selection of multipoint relay, declaration of multipoint relay 

information and calculation of the routing table. 

B. Reactive Routing 

Reactive routing protocols are called demand-oriented 

routing protocols. Reactive routing protocols find the path 

each and every time a node needs to send the data. In the 

reactive type of routing protocols, to establish a route there 

will be a route request (RREQ) and route reply messages 

sent by the source and the destination respectively [4]. 

Flooding is used by the source node for RREQ. In flooding, 

the source node broadcasts a request message to all the 

connected nodes existing in its range. Nodes preserve only 

the active route until the destination node becomes 

inaccessible along every existing path from the source node 

[4]. AODV and DSR are some examples of reactive routing 

protocols. 

 Ad-hoc On Demand Distance Vector (AODV) [9] 

uses broadcasting mechanism for discovering the routes 

between various nodes. AODV depends on the dynamically 

established routing table entries at various intermediate 

nodes in the network. AODV uses the technique of 

destination sequence number to maintain the most recent 

routes between various nodes, which is used in DSDV. 

However, there is difference. In AODV, each node keeps 

the sequence number counter independently in an increasing 

order. This ensures that the network load is minimised hence 

resulting in the increased bandwidth efficiency of the 

network. Whenever a node in the network needs to establish 

a connection, it floods a RREQ message in entire network to 

find or construct a route. This process consists of two 

procedures: path discovery and path maintenance. 

 Dynamic Source Routing (DSR) [10] was 

particularly intended for using in multi-hop wireless ad-hoc 

networks where nodes are mobile. It is completely self-

configuring and self-organising. The destination and the 

source nodes send out packets to each other to communicate 

and each packet follows the same path. The major incentive 

behind implementing this protocol is to bind the bandwidth 

by avoiding the cyclic table updates and a long convergence 

time. 

C. Hybrid Routing 

Hybrid routing protocols use the features of both reactive 

and proactive routing protocols in a single protocol. ZRP is 

an example of such routing protocol. 

III. SIMULATION TOOLS AND METHODOLOGY 

Evaluation of VANET protocols and services is highly 

challenging task. Experiments need to be performed 

outdoor. However, the outdoor experiments could be very 

expensive and extremely complex in order to test all kind of 

scenarios. To avoid this problem, primarily software 

simulations play a vital role in visualizing the real-world 

scenarios. 

 An entire VAENT simulation is made up of two 

kinds of simulations, namely, 1) Traffic simulation and 2) 

Network simulation. Various network simulators can be 

used to establish and evaluate the actual network protocols 

and applications with various parameters and a variety of 

conditions. Whereas traffic simulators can be used to 

develop transportation and traffic models. To create a 

VANET simulation one needs to implement both kinds of 

simulations together. The traffic simulator aids the network 

simulator by creating the traces of mobility models of traffic 

and transportation.  

A. Network Simulators 

Network Simulator 2 (ns2) is an open-source network 

simulation tool developed in C++. Ns2 is a discrete event 

(DES) network simulator. It can be used to simulate both 

wired and wireless networks. It is used for the simulations of 

various network protocols with various network topologies. 

It is possible to script by writing Tcl scripts. We can specify 

the network topology and parameters for the network by 

writing the Tcl script. Although the development of ns2 has 

been discontinued, ns2 remains the most widely used and 

common network simulator for research work. 

 Network Simulator 3 (ns-3) [11] is an open-source 

network simulation tool. Just like ns2, ns3 is a discrete even 

network simulation tool. Although it shares the name with 

ns2 is vastly different from it and is built from a scratch. It is 

still undergoing development cycles. It is considered as a 

direct replacement of ns2 rather than the extension or 

upgraded version of ns2. Unlike ns2 it does not contain 

OTcl API. It is completely written in C++ and provides 

Python scripting through Python Bindings. Ns-3 furthermore 

supports parallel simulations. Ns-3 simulations can be 

implemented purely in C++ or some components can be also 

implemented in Python. It is not just a simulator, it can be 
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also used as an emulator. It can generate PCAP traces which 

be used for debugging purposes.  

 OMNET++ is one of the oldest network simulators. 

It has a big user base. Unlike ns2 and ns3, OMNET++ is 

more than just a network simulator. OMNET++ can be used 

for modelling of multiprocessors, performance analysis of 

complex software systems and distributed hardware systems 

in addition of network simulations. Although it is a multi-

purpose tool, it is mainly used for computer network 

simulations. OMNET++ is a discrete event, modular open 

architecture simulation framework. 

B. Traffic Simulators 

Mobility Model Generator for Vehicular Networks (MOVE) 

is a program built on SUMO with GUI support. [12] MOVE 

is a very good visualization tool and it emphasizes on traffic 

features. MOVE is composed of two parts, namely a map 

editor and an editor for vehicular movements. The editor for 

map creates maps for network scenarios and the editor for 

vehicular movements is used to generate the vehicular 

movement patterns. 

 VanetMobiSim [13] can be used to generate 

scenarios for V2V and V2I situations. It can extract road 

network topologies from random and custom topologies. 

The problem with this simulator is that the trace files 

generated by this simulator cannot be fed to a network 

simulator or the traces generated by a network simulator 

cannot be used to give the input to VanetMobiSim.  

 Simulation of Urban MObility (SUMO) [14] is an 

open-source traffic simulation software which comprises net 

import and demand modelling components. SUMO has 

developed into a full featured traffic modelling suite 

including utilities capable of reading various kind of source 

formats. SUMO allows modelling of intermodal traffic 

systems including pedestrians, public transportation and 

numerous kinds of road vehicles. SUMO utilities are able to 

deal with tasks such as network import, emission calculation 

for vehicles, road network visualization and route finding. 

With custom models it is possible to enhance SUMO and its 

simulations can be controlled remotely with help of its 

various APIs. It also allows to time scheduling of traffic 

lights. These time schedules can be either generated 

spontaneously by SUMO or can be imported into SUMO. 

There are no limitations in network size and numbers of 

vehicles in the simulations. It is also possible to generate a 

road network by importing .osm map files from 

OpenStreetMap. 

IV. OVERVIEW OF WORK DONE 

Here is the summary of the various work done to analyze the 

performance of routing protocols in VANET scenarios. 

A. Performance Evaluation of Different Density AOMDV 

Routing Protocol for VANET [15] 

Here the performance of AOMDV routing protocol is 

analysed by varying the vehicular node densities. The 

network simulation tool used is ns2.  

 
Fig. 2: PDR vs Number of Nodes 

 In this study, it has been determined that as the 

number of nodes increases the packet delivery ratio (PDR) 

also decreases. Though the throughput remains constant 

regardless of the increment or decrement in the number of 

nodes. 

B. Performance evaluation of various MANET routing 

protocols for adaptability in VANET environment [4] 

Here the performance of various routing protocols in 

VANET environment have been analyzed. The performance 

of AODV, AOMDV, DSR, DSDV, OLSR and ZRP routing 

protocols have been analyzed. Here the simulation tools 

used are ns2 for the network simulation and SUMO for the 

traffic simulation. 

 In case of reactive protocols, the average 

throughput is relatively very high in contrast of proactive 

and hybrid routing protocols. As the node density in 

network increases in excess of 50, DSR has delivered better 

results in comparison with all the rest. DSR routing protocol 

gives the best throughput in MANET environments whereas 

AODV routing protocol gives the best throughput in 

VANET environments. 

 In their simulations it was found that the PDR in 

MANET scenarios are higher than VANET scenarios. The 

difference is significant, as high as 50%. DSR is the best 

performing routing protocol in MANET environment. 

Whereas in the VANET environment AODV is the best 

performing routing protocol. 

 
Fig. 3: Variation of average throughput in VANET 
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Fig. 4: Variation of PDR in VANET 

 PDR in MANET decreases as the number of nodes 

increases in case of MANET. The highest PDR is achieved 

when the number of vehicular nodes is 20. While in case of 

VANET, as the number of nodes increases the PDR also 

increases in case of AODV, AOMDV and DSR. Reactive 

routing protocols perform better in terms of PDR as the 

number of vehicular nodes increases in the network. 

C. Performance Comparison of GPSR and ZRP Routing 

Protocols in VANET Environment [16] 

Here the performances of GPSR and ZRP routing protocols 

in vehicular environments have been analyzed. For the 

simulation purpose ns2 has been used as the network 

simulator. For the mobility simulation VanetMobiSim has 

been used. The simulation has used various node density 

and velocity. The mobility scenarios were implemented on 

ns2 and trace files were generated. Gawk script was used to 

extract the required data from the trace files generated by 

ns2. 

 
Fig. 5: Comparison GPSR and ZRP packet delivery ratio 

 In this study, it has been found that the 

performance of ZRP degrades slowly in denser traffic. ZRP 

has better packet delivery ratio when number of nodes is 

between 20 and 100. 

 
Fig. 6: Comparison the data packet loss of GPSR and ZRP 

 Their simulations show that the GPSR varies 

without any kind of pattern. ZRP still has better packet loss 

compared to GPSR throughout the range of traffic density. 

 
Fig. 7: Throughput comparison between GPSR and ZRP 

 Their simulations show that there is a significant 

difference between throughputs of GPSR and ZRP. The 

GPSR throughput is not affected by the number of nodes 

whereas the ZRP throughput starts to decrease when the 

number of nodes reaches to 30. 

D. Performance of AODV and OLSR Routing Protocol in a 

Hybrid Sensor and Vehicular Network 802.11p [17] 

In this study, the performance of AODV and OLSR routing 

protocols have been evaluated. The technology used here is 

HSVAN (Hybrid Sensor and Vehicular Network) 

implementing IEEE 802.11b and 802.11p MAC standards. 

For both 802.11b and 802.11p the performance of AODV 

and OLSR routing protocols is measured. Their simulation 

scenario involves six nodes and one Wireless Sensor 

Network (WSN) gateway using ns3 and SUMO simulator 

for a rural scenario. 

 
Fig. 8: Throughput versus the transmission rate for the 

OLSR 

 
Fig. 9: Throughput versus the transmission rate for the 

AODV 
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Fig. 10: Packet deliver ratio vs the transmission rate for the 

IEEE 802.11p 

 
Fig. 11: Throughput versus the transmission rate for the 

IEEE 802.11p 

 Their simulation results show that 9% throughput 

gain was achieved by IEEE 802.11p over IEEE 802.11b as a 

MAC protocol. Also, from the results it is apparent that 

AODV routing protocol has outperformed OLSR routing 

protocol in terms of throughput, PDR and end-to-end delay. 

E. On the Selection of Efficient Routing Protocol for 

802.11p Interface in VANET [18] 

In this study, the performances of AODV, DSDV, DSR and 

GOD routing protocols in VANET environment have been 

compared. The performance has been evaluated in terms of 

packet collision rate, packet drop rate and throughput. Based 

on these parameters the performance of 802.11a and 

802.11p MAC interface have been compared. The 

performance has been calculated with varying speeds of the 

vehicular nodes. Simulations have been performed in 

NCTUns network simulator. 

 
Fig. 12: Packet Drop Rate at a speed of 36kmph 

 

 
Fig. 13: Packet Drop Rate at a speed of 72kmph 

 Simulation results show that in 802.11p MAC, with 

the increased speed of vehicular nodes the packet collision 

rate, packet drop rate and throughput also increases. GOD 

has the maximum and DSR has the minimum packet 

collision rate at both 36kmph and 72kmph speeds. In similar 

manner, GOD has the highest packet drop rate whereas DSR 

has the lowest packet drop rate. 

 In 802.11a MAC, reactive protocols have 

performed better compared to proactive protocols. Reactive 

protocols in 802.11a show increased throughput and 

decreased packet drop rate and packet collision rate with 

increase in speed whereas in proactive protocols the 

observations are opposite. On the contrary, in 802.11p 

interface, the performance parameters appear to be 

increasing with the increasing speed. 

 
Fig. 14: Throughput Rate at a speed of 36kmph 

 
Fig. 15: Throughput Rate at a speed of 72kmph 
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 Results show that 802.11p performance is superior 

while comparing with 802.11a. 

V. IMPACT OF PROPAGATION MODELS 

Like all wireless based systems, VANET also suffers from 

the performance limitations of a wireless channels like the 

obstacles between the various nodes. Therefore, the 

necessity for an effective propagation model which 

represents the appropriate behaviour of the wireless channel 

in vehicular environment is required. To study the influence 

of the propagation models we need to analyse the 

performance of various routing protocols under numerous 

propagation models. [19] 

 A propagation model is a practical mathematical 

formulation for the characterisation of radio wave 

propagation as a function of frequency, distance and other 

conditions. A single model is usually developed to forecast 

the behaviour of propagation for all similar links.  

 As the path loss encountered along any radio link 

serves as the principal factor for characterisation of 

propagation for the link, radio propagation models 

characteristically focus on the realisation of the path loss 

with the auxiliary task of predicting the area of coverage for 

a transmitter or modelling the distribution of signals over 

different regions. 

 Because each discrete telecommunications link has 

to encounter different terrain, path, obstacles, atmospheric 

conditions and other phenomena, it is intractable to 

formulate the exact loss for all communication systems in a 

single mathematical equation. As a consequence, different 

models exist for diverse types of radio links under diverse 

conditions. 

 Propagation models are used to forecast the 

propagation characteristics such as received signal power of 

each packet. Those models are very vital in planning process 

of infrastructure since they can typically forecast the path 

loss along a link or the effective coverage area of a 

transmitter. [8] 

 The free space model assumes the ideal 

propagation condition that there is only one clear line-of-

sight path between transmitter and receiver. 

 [20] The received power Pr at the terminal of the 

receive antenna will be given by, 

 
 Two-Ray Ground Model considers both the direct 

path and a propagation path reflected from the ground, 

between a receiver and a transmitter. This mode is more 

accurate in prediction at long distances in comparison of 

free space model, while in short distances this model does 

not give good results. 

[19] The received power distance is predicted by, 

 
 There are more propagation models which can be 

considered while planning the wireless communication 

systems. 

 Sixte Martial Itoua [19] has evaluated the 

performance of routing protocols such as AODV, DSDV & 

DSR under various propagation models such as Free Space 

propagation model, Two-Ray Ground Model and 

Shadowing model. 

 
Fig. 16: Throughput for Free Space 

 
Fig. 17: Throughput for Two-Ray Ground 

 
Fig. 18: Throughput for Shadowing Model 

 In this study, they have found that a routing 

protocol is not always the optimal choice under all 

propagation models. Unlike Free Space and Two-Ray 

Ground propagation models, in the Shadowing model 

AODV has the maximum packet delivery ratio and 

throughput. Whereas under Free Space and Two-Ray 

Ground propagation models DSR has the best packet 

delivery ratio and throughput. 
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VI. CONCLUSION 

Studies have shown that there is significant difference in 

performance of routing protocols in MANET and VANET 

environments. A better performing MANET routing 

protocol may not perform with the similar efficiency in 

VANET environments. Also, the density of nodes, topology 

of network and environment plays the key role in 

performance of the wireless communication networks. 

Studies have also proven that the selection of the appropriate 

propagation model play a key role in the selection of the 

routing protocol since it can severely affect the performance 

of MANET infrastructure. Therefore analyzing the effects of 

propagation models in VANET becomes even more 

important as it is more dynamic compared to the MANET 

environments and has various kinds of possibilities in 

different environments. Hence, a more thorough analysis is 

required to analyze the impact of propagation models on the 

performance of routing protocols in VANET environments. 
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