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ABSTRACT 

In this paper we evaluate the performance of mobility models, 

radio propagation models and routing protocols for intelligent 

transport system in Indian Automotive Networks. The 

evaluation helps us in selecting the appropriate models and 

protocols for the urban and rural scenario. This paper also 

helps us to identify the suitable propagation model, WAVE 

IEEE standards, wireless channels and the type of flow 

required for the Indian Automotive Networks. 
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1. INTRODUCTION 
The Vehicular Ad hoc Networks (VANETs) is a type of ad-

hoc network where the vehicles act as node [1] [2]. In 

VANET vehicles are highly mobile and need to transmit 

packets to each other using the wireless channel. The vehicles 

must configure with wireless transceivers and computerized 

modules that help the vehicles to act as network nodes [3]. 

VANET is related to Mobile Ad hoc Network (MANET) in 

term of its basic principle, but it does not rely on fixed 

infrastructure for communication and data dissemination; 

however permanent network nodes in the form of roadside 

units can be useful in some circumstances. VANET also 

shares a few common MANET characteristics such as self-

organization and self-management, short radio transmission 

range and limited bandwidth [3]. 

VANET can be observed as component of the Intelligent 

Transportation Systems (ITS). In ITS, vehicles communicate 

with each other via Inter-Vehicle Communication (IVC) as 

well as with roadside base stations via Roadside-to-Vehicle 

communication (RVC) for safety purpose. Inter Vehicle 

Communication i.e. car-to-car communication is useful for 

enhancing traffic safety, comfort driving and in-car 

entertainment [2] [4]. 

As this paper helps in the appropriate selection of the mobility 

models, radio propagation model and routing protocols for the 

realistic evaluation of the Indian automotive networks. This is 

one of the challenges faced by the researchers, when they are 

working on VANETs. Especially in Indian automotive 

networks, this is a great concern. So selecting the suitable 

mobility model i.e. macro and micro mobility etc., radio 

propagation model i.e. TwoRayGround, Nakagami etc. will 

boost the performance of the VANETs. At the same time 

selecting the appropriate routing protocol i.e. AODV, DSR, 

TORA etc. for the Indian automotive networks is also a 

concern for getting better result. 

The organization of this paper is as follows. The second and 

third section of this paper offers the brief study of the mobility 

and propagation models respectively. To achieve the target 

various mobility and propagation model is be studied. 

Selecting the suitable Models for VANET is a challenge. The 

section four of this paper elaborates the various routing 

protocols. Section five presents the analysis of the above 

sections. The last section provides the conclusion of this 

paper. 

2. MOBILITY MODELS 
Mobility is a major component for providing quality to the 

realistic simulation. It is an important issue for Indian 

automotive network as they grow and their transportation 

facilities become congested. Large number of techniques is 

available to improve traffic flow to minor physical changes, 

such as adding a lane by elimination of parking. However the 

problem lies in evaluating the performance of these 

techniques [5]. The need is to evaluate traffic performance in 

a network under various traffic and geometric configuration. 

There are two aspects of vehicular mobility model which may 

be considered for VANET. They are: 

 Multilayer description of vehicular mobility 

patterns: A critical aspect in a simulation study of 

VANET is the need for a mobility model that would 

reflect the real behavior of vehicular traffic, as 

vehicular mobility considerably impacts the 

networking shape of VANET [6]. Vehicular 

mobility is usually considered at various modeling 

layers i.e. Trip, Path and Flow Modeling.  

 Bi-directional interaction between traffic and 

network simulators: A major distinctive fact of 

vehicular communication applications is to benefit 

from the messages exchanged between cars to alter 

traffic, either for safety purposes with advanced 

safety messages, or for traffic efficiency in order to 

avoid traffic jams. In both cases, a strong interaction 

must be defined between the network protocol and 

the vehicular mobility. 

There exist various models reproducing mobility of nodes [7]. 

Stochastic mobility models, like Random Way-Point or 

models with constrained movement (Manhattan) are not able 

to reproduce the realistic traffic mobility [8]. It is shown in 

fig. 1 and 2 respectively. 

 

Fig 1: Freeway Mobility Model 
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Fig 2: Manhattan Mobility Model 

To reflect better the vehicular movement, interactions among 

vehicles as well as between vehicles and the environment are 

described by flow models [9]. Flow models specify rules for 

car following, lane changing and overtaking behavior and are 

categorized by the level of granularity as: macroscopic, 

mesoscopic and microscopic. Macroscopic models represent 

traffic as fluid streams by using aggregated values such as 

density or average velocity. Mesoscopic models describe 

some interactions among cars at an individual level, but they 

base the interactions on general characteristics. Microscopic 

models consider mobility of each individual vehicle. They 

implement realistic car following behavior by adjusting each 

vehicle’s velocity in respect to the vehicle in front (e.g. 

Intelligent Driver Model [10], Krauss Model [11]). For 

VANET simulations, where communication among individual 

vehicles needs to be available, microscopic models are the 

most suitable. 

3. PROPAGATION MODELS 
The propagation model is defined as a mechanism to estimate 

the Received Signal Strength (RSS) of wireless transmission 

[12]. Factors that are used to estimate the RSS include 

transmission power, distance between sender and the receiver, 

height of antenna etc. Once this RSS is calculated, it is then 

used to determine whether a packet is received successfully or 

not [13] [14].  

Radio propagation is the behavior of radio waves when they 

are transmitted, or propagated from one point on the Earth to 

another, or into various parts of the atmosphere [15]. Like 

light waves, radio waves are affected by the phenomena of 

reflection, refraction, diffraction, absorption, polarization and 

scattering.  

 

Fig. 3: Radio Propagation Models Evolution for VANETs 

Fig. 3 represents the radio propagation models used and the 

evolution of it from free space to Nakagami radio propagation 

for fading scenario. This section elaborates the details of each 

radio propagation models. 

3.1 Free Space 
This radio propagation model is earliest model and was used 

in MANET by researchers in the earliest studies. In Free 

Space model, signal propagating through open space, with no 

environmental effects. It has one parameter, called "line-of-

sight". If there is no LOS, the signal is blocked entirely and no 

communication takes place [16]. 

3.2 TwoRayGround 
This radio propagation model is highly preferred in MANET 

by researchers. This radio propagation model is also used in 

maximum research studies for protocols performances in 

VANET scenario. It has been observed that the 

TwoRayGround model is a more realistic than the Free-Space 

model as it addresses the case while considering a ground 

reflected propagation path between transmitter and receiver, 

in addition to the direct LOS path. 

This model is especially useful for predicting the received 

power at large distances from the transmitter and when the 

transmitter is relatively high above the ground. It is interesting 

to note that at far distances, the received power becomes 

independent of the frequency [17]. 

3.3 Shadowing 
This model has many possible scenarios that can affect radio 

signal power. The shadowing model defines the path loss 

model, which also predicts the mean received power at 

distance [18]. 

3.4 Nakagami 
Nakagami [19] is a mathematical general modeling of a radio 

channel with fading. With help of comparative study, found 

that rather than to existing models, Nakagami model has more 

configurable parameters. To allow a closer representation of 

the wireless communication channel, and it is the perfect for 

free space channel.  

4. ROUTING PROTOCOLS 
In wireless ad-hoc networks, routing protocols are used to 

calculate efficient routes. These protocols are divided into two 

main categories with respect to their routing behavior; on 

demand (reactive) and table driven (proactive) [13]. 

In this section these two classes of routing protocols are 

defined. Both these protocols have evolved over the years and 

have been used extensively in simulation based study.  

Proactive routing protocols continuously update the routing 

table, even when there is no communication going on. This 

makes these protocols to generate sustained routing overhead, 

but the benefit is that no latency of route discovery process is 

involved. Routes to the destinations are readily available and 

can be used as soon as application has data to send. It is based 

on periodic exchange of control messages and maintaining 

routing tables, that is why these are known as table-driven 

routing protocols for complete implementation of topology 

locally. 

Reactive routing protocols incur initial route discovery 

latency by using flooding to discover routes, which is their 

main overhead. These routing protocols calculate routes for 

destination in the network, when it is needed therefore these 
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are known as on-demand routing protocols. Applications have 

to wait for the routes to be discovered and then use them for 

communication.  

Unlike proactive routing protocols, reactive protocols do not 

generate sustained routing overhead. Reactive protocols 

usually take more time to find a route as compared to a 

proactive protocol [20]. Both these approaches have their pros 

and cons and no single routing protocol is able to work 

efficiently in all possible scenarios. Ad-hoc On demand 

Distance Vector (AODV) protocol [21], DSR [22] and 

DYMO [23] belongs to reactive routing protocol family, 

while DSDV [24][25] and Optimized Link State Routing 

(OLSR) protocol [25] is an example of proactive routing 

protocols [26][27][28][29].  

Destination sequenced distance vector routing (DSDV) is 

adapted from the conventional Routing Information Protocol 

(RIP) to ad-hoc networks routing. It was design by C. Perkins 

and P. Bhagwat. The main contribution of the algorithm is 

useful to solve the routing loop problem. Each entry in the 

routing table consist of a sequence number, the sequence 

numbers are set even if a link is present; else, an odd number 

is denote. From generated destination number, the emitter 

needs to send out the next update with this number. Routing 

information is spread between nodes by sending full dumps 

infrequently and smaller incremental updates more frequently 

[30]. 

The Optimized Link State Routing Protocol (OLSR) is 

developed for mobile ad-hoc networks.  It operates as a table 

driven, proactive protocol, i.e., exchanges topology 

information with other nodes of the network regularly.  Each 

node selects a set of its neighbor nodes as "multipoint relays" 

(MPR).  In OLSR, only nodes, selected as such MPRs, are 

responsible for forwarding control traffic, intended for 

diffusion into the entire network. MPRs provide an efficient 

mechanism for flooding control traffic by reducing the 

number of transmissions required [25]. 

AODV [21] is a distance vector routing protocol when a node 

wants to establish new communication with another node, it 

searches for an available path to the destination node, in its 

local routing table. If there is no availability of path, then it 

sends a route request (RREQ) message to its neighborhood. 

The nodes that receive this message search for a path leading 

to the destination node. If there is no path then, it re-send the 

RREQ message and establish a path leading to RREQ 

originating node. 

Ad-hoc On-demand Multipath Distance Vector Routing 

(AOMDV) protocol is a modification of the AODV protocol 

for computing multiple loop-free and link disjoint paths. The 

routing entries for each destination consist of a list of the 

next-hops along with the respective hop counts. All the next 

hops have the same sequence number. 

5. ANALYSIS 
The analysis of Mobility Models, Propagation Model and 

Routing Protocols was performed to find the best among 

themselves for the Indian automotive networks scenario. In 

this each sub section provides the detailed analysis of each of 

them. 

5.1 Mobility Models 
In order to produce realistic mobility patterns for the Indian 

automotive networks, proper vehicular mobility models must 

therefore be defined. 

Stochastic mobility models, like Random Way-Point or 

models with constrained movement (Manhattan) are not able 

to reproduce the realistic traffic mobility [8]. To reflect the 

better vehicular movement, interactions among vehicles as 

well as between vehicles and the environment are described 

by flow models [9]. The three classes of mobility flow models 

are analyzed in the below mentioned sub section. 

5.1.1 Microscopic Mobility 
 It simulate the movement of every single vehicle on 

the street, mostly assuming that the behavior of the 

vehicle depends on both, the vehicle's physical 

abilities to move and the driver's controlling 

behavior. 

 Traffic flow describes the mobility parameters of a 

specific car with respect to other cars in detail. 

 Enhanced with lane-changing models. 

 An intersection with traffic lights or signs is 

modeled similarly to a stopped vehicle. The driver 

model acquires the state of the traffic sign/light and 

moves accordingly. 

5.1.2 Macroscopic Mobility 
 It does not consider the mobility parameters of a 

specific car but instead quantities of macroscopic 

meanings such as flow, speed, or density are 

modeled. 

 The macroscopic approach is inspired by 

hydrodynamic phenomena and do not intend to 

reproduce individual but rather macroscopic 

quantities.  

 This models cannot model individual vehicles, stop 

or yield signs and complex traffic light patterns are 

difficult to model [31] [32]. 

5.1.3 Mesoscopic Mobility 
 It is located at the boundary between microscopic 

and macroscopic simulations. 

 Vehicle movement is mostly simulated using queue 

approaches and single vehicles are moved between 

such queues. 

 The objective is to benefit from the scalability of the 

macroscopic approach but still providing a detailed 

modeling close to microscopic models. 

 Represent an intermediate modeling level of traffic 

flows and model gross characteristics of traffic 

flows at an aggregate level, typically as probability 

density functions, but describe the interactions 

between vehicles at an individual level [33-35].  

5.2 Propagation Models 
The various propagation models are analyzed in the below 

mentioned sub section. 

5.2.1 Free Space 
This propagation model is not suitable for VANET. The 

received power is only dependent on the transmitted power, 

the antenna gains and on the distance between the sender and 

the receiver. Obstacles are not modeled. In VANET, vehicles 

have to move in city where obstacles are main concerns as the 
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buildings alongside the road will block the transmission or 

communication. 

5.2.2 TwoRayGround 
This model does not give a good result for a short distance 

due to the oscillation caused by the constructive and 

destructive combination of the two rays. This model is not 

perfect for VANET. 

5.2.3 Shadowing 
The shadowing radio propagation model can be used in 

VANET scenario by varying either β values to set the various 

environment conditions for obstacles. 

5.2.4 Nakagami 
According to simulation results, this model can be suitable 

from a perfect free space channel, to a moderate fading 

channel on highway, even to a dramatically fading channel in 

urban communities. By varying shape factor m value, form 

the highly fading scenarios like urban or city as well as the 

free way of highway. This radio propagation model is highly 

applicable for the use in protocol performances for VANETs. 

5.3 Routing Protocols 
The In this sub section the performance of various routing 

protocols is analyzed for the Indian automotive network. The 

major objective is to find the suitable routing protocol for the 

Indian intelligent transport network. The performance analysis 

of various routing protocols such as AODV, DSDV, DSR, 

OLSR routing protocols depends on various parameters such 

as Throughput, Packet delivery ratio and Delay etc. 

The author of paper [36] analyzed the AODV, DSDV and 

DSR routing protocols for wireless networks by calculating 

the throughput and packet loss percentage. They concluded 

that AODV has highest throughput and best suited for large 

network. The same protocols are compared on the basis of 

packet size in paper [37]. This shows that DSR is more 

efficient as compared to AODV and other routing protocols.  

In the paper [38] [39] author evaluated the performance of 

AODV, AOMDV DSR, OLSR and DSDV routing protocols 

on the basis of Packet delivery fraction and Delay percentage. 

Author found that AODV shows better result as compared to 

other routing protocols.  When these protocols compared on 

the basis of cluster size in paper [40], author concluded that 

DSR is best suited for small cluster, whereas AODV is more 

suitable for large clusters. 

The performance of AODV, DSDV and OLSR is evaluated on 

the basis of length, acceleration and max speed. It shows that 

AODV provides the best communication link during 

information exchange [41].Authors of paper [42] compared 

different VANET routing protocols on different parameters. 

They concluded that overall performance of AODV with 

IEEE 802.11p is better as compared to DSDV.  Table 1 

provides the summary of various routing protocols. 

Table 1. Performance analysis of routing protocols for 

VANET 

Criteria / 

Protocols 

AODV DSR DSDV OLSR 

Throughput High Average Average Low 

Packet Size Average High Average Average 

PDF High Average Average Average 

Criteria / 

Protocols 

AODV DSR DSDV OLSR 

Delay % Average Average Average Average 

Cluster Size High Average Low Low 

Overhead Low Average High Average 

Traffic 

Load 
High Average Average Average 

 

Table 1 analyzed that AODV and DSR are more suitable for 

VANET research. At the same time AODV considered for 

Indian networks, as it has high throughput and load overhead. 

It also supports high cluster area. 

6. CONCLUSION 
In this paper the performance of various Models and Routing 

Protocols for Intelligent Transport System is evaluated. They 

are considered for Indian urban and rural scenario. In order to 

produce realistic mobility patterns for the Indian automotive 

networks, microscopic vehicular mobility models is more 

suitable as compare to macroscopic, mesoscopic models. 

Nakagami propagation model is more suitable for different 

scenarios like urban or city as well as the free way of 

highway. This radio propagation model is highly applicable 

for the use in protocol performances in VANETs. Finally 

AODV and DSR are more suitable for VANET research. At 

the same time AODV was considered for Indian networks, as 

it has high throughput and load overhead. It also supports high 

cluster area. They use VANET’s IEEE 802.11 standards and 

wireless channels for realistic simulation. This analysis helps 

us in performing the realistic evaluation of the intelligent 

transport system for the Indian automotive networks.  
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