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Abstract: vehicular ad-hoc networks (VANETs) is a self-organized wheeled networks, a broader and 
challenging class of mobile ad hoc network (MANET) that enable the wireless communication in moving 
vehicles. Due to some exclusive properties and high dynamic nature, VANETs fetch many innovative challenges. 
Efficient routing is one of the most challenging issues of such networks. Safety applications demand strict time 
delay bounds. Even a fraction of a second is important in decision making. The requirement of hard deadline 
posed by the safety applications requires special handling. Thus, in this paper we address the routing issues of 
such network and proposed a cluster based routing approach, intend to escalate the routing recitation in the 
challenging environment of VANETs. The approach focused to find a most favorable route to the desired 
destination, in order to increase the connectivity and satiability, which lead then to increase the network 
reliability, in terms of increasing throughput, packet delivery ratio with reducing overheads and time delays.  
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I. INTRODUCTION 
Every year, around the world millions of people’s loss their life and many more are injured in roads accidents. 
The drivers have no ability to predict the conditions on the road ahead’s [1]. However, massive amount of 
accidents may avoids by collecting and distributing safety information, using the smart network system among 
travelling vehicles on a city roads or/and highway scenarios. In this context, Vehicular Ad-Hoc Networks 
(VANETs) has gain rising interest of both industry and academic researchers to build a robust ad-hoc networks, 
between the vehicles and the vehicles to road side units for facilitating road safety, smart traffic management and 
transfer the warnings message to drivers about the danger before they actually face.  

VANETs are a broader class of Mobile Ad-hoc Networks (MANETs), dedicated to vehicle-to-vehicle (Inter 
vehicles Communication IVC) and vehicle-to-roadside communications (V2R) with the main aim to improve 
road safety issues [2,3].The moving street vehicles and roadside beacons treated as a node of the VANET 
network, behaves as both, router as well as source and/or destination nodes to exchange data packets.  The nodes 
which are in the communication range of each other can directly communicate.  But, if a node wants to transmit 
data to a node, which is outside of its communication range, in that case it has to forward the data packet through 
intermediate nodes. However, VANET is a subclass of MANET but some unique characteristics of this network 
like nodes moves on predefined road path, high mobility, tall speed, no boundary of network size, frequently 
changes in network topology make efficient routing as more challenging task  in the environment of VANET. 
Conventional routing approaches are fails and not suitable in the challenging environment of VANETs, [4]; suffer 
from the broadcast storm problem [5]. Schematic representation of a Vehicular Ad-hoc Network present in fig.1. 

 
Figure 1: Vehicular Ad-hoc Networks 
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The performance of communication depends on how better routing takes place in the network. In recent years, a 
lot of research has taken place in direction to trim down the routing issues in VANETs by contributing various 
routing approaches [6,7], but most of them do not solve the problem effectively. In an effort to fill this gap, this 
paper present a new cluster based approach for efficient routing in VANETs, by optimizing the AODV [8] 
routing protocol to make stable and suitable routing solution. However, AODV has the advantage of establishing 
route on-demand in between source and destination node with the lower delay in connection setup and does not 
require much memory for communication but there are several disadvantage with this protocol like if the source 
node sequence number is very old than the intermediate nodes can lead to route inconsistency. Heavy control 
overhead if there has multiple route reply packets for a single route request packet [10]. It consumes extra 
bandwidth because of periodic beaconing, use simple flooding scheme for information broadcasting, which 
degrades the routing protocol performance and cause connection unreliability, scalability, low packet delivery 
ratio, collisions and high overheads. The proposed approach use hop by hop transmission scheme and assign the 
direction-finding tasks to a focused set of nodes called cluster-heads, to improve the reliability and to reduce the 
communication overheads. Apart from clustering, a dynamic route shorting algorithm also incorporates in 
proposed approach to trim down the route length while making the route connectivity into consideration.  
The rest of paper is organized as follows. Section 2 presents the related work. The section 3 described the 
proposed approach. Simulation setup and performance matrices presents in the section 4. The section 5 presents 
simulation results and finally we summarize the paper and outline future research in section 6. 

II. RELATED WORK 
In our previous work [11], we have described the various approaches that have been designed and implemented in 
the environment of VANETs to examine their applicability in such high dynamic environments. However, 
applying traditional MANET’s routing protocols directly in the VANET environment is inefficient since these 
methods don’t take VANET’s characteristics into consideration. [12]. To improve data delivery ratio in vehicular 
networks, [13] has proposed more than a few VADD protocols, namely, L-VADD, D-VADD, and H-VADD. The 
proposed scheme use carry and forward concepts, where a moving vehicle carries a packet until a new vehicle 
moves into its vicinity and forwards the packet. Among the proposed VADD protocols, the H-VADD protocol 
has a much better performance. However, proposed schemes outperforms from the existing solutions, in terms of 
packet-delivery ratio, data packet delay, and traffic overhead but use the concept of predictable vehicle mobility 
and  does not consider the delays problem in design of proposed approach. Another novel approach to improve 
routing performance in VANETs called road-based using vehicular traffic (RBVT) routing, has been proposed by 
[14]. RBVT is a class of VANET routing protocols for city-based environments that takes advantage of the roads 
layout to improve the performance of routing in VANETs. The proposed scheme use real-time vehicular traffic 
information to create road-based paths between endpoints. Geographical forwarding was used to find forwarding 
nodes along the road segments that form these paths. However, proposed approach performs well in realistic 
vehicular environments in terms of average delivery ratio and delay but not consider the overheads and the energy 
constraint to analysis the proposed approach. Density Aware Routing using Road Hierarchy (DAR-RH) [15], 
protocol proposed to transfer data from source to destination by using the accessible street ladder information. 
The proposed scheme includes two separate route information, use an alternative route whenever the first route 
goes fail. However, proposed scheme found significance results but maintain two routes may cause to increase 
the network overheads and collision occurrence. By optimizing the original AODV a novel routing protocol 
AODV_OBD [16] has been proposed to reduce the packet delays in the environment of VANETs. With the 
running process of local route repairing the proposed approach broadcast data packets also to establishes routing 
path to the destination node. However proposed protocol reduces the packets delays but does not consider the 
packet delivery rate, the packet delivery rate curve of AODV_OBD protocol is not ideal. In same context 
extension of AODV routing protocol proposed by [17] by modifying the route discovery process of original 
AODV protocol. The proposed mechanism maintains secondary path and use in case of primary route breaks, that 
may be cause of high network overheads and collision. [2], proposed a novel improved routing protocol IAODV 
(Improved AODV) for the VANETs in city scenarios. The proposed approach was based on the AODV 
enhancement with maintaining the backup path. As stated previously that maintaining backup path require more 
energy and cause of high overheads that presents the unsuitability of this approach in the real world scenario. 
However, the above proposed approaches perform well and improve the routing recital in the environment of 
VANETs but face problems such as high level of overhead, collision, and frequently breakage of contentions. To 
reduce these challenges, several clustering algorithms for VANETs are proposed for different purposes such as 
clusters stability and overhead minimization. 

In [18] approach, every node reliability is checked by proposed algorithm, using member life time counter before 
passing it to a cluster. In same context, to considering the problem of re-clustering [19] proposed a multi-hop 
clustering that uses the relative mobility between multi-hop away nodes. The beacon delay is used to calculate 
this metric. The cluster-head is elected according to the smallest aggregate mobility value. By forwarding 
emergency/warning messages to enhance safety, approach proposed by [20]. In scheme, whenever a node 
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received an emergency message it will broadcast to all the other members using inter- zone and/or intra- zone 
clusters communication, by applying proposed scheduling algorithm. However, approach performs well in 
environment of VANETs but does not consider the road conditions and speed of the vehicles, which presents the 
pitfalls of approach because of in realistic VANETs both, is very important for efficient messaging.  In the same 
way as above to enhance the routing performance a new method, Intelligent Based Clustering Algorithm in 
VANET (IBCAV) has been proposed by [21]. Unlike previous approach this method have taken the speed and 
nodes density factor into account and employing inter-layered methods, awareness of the existing traffic flow as 
well as combination of various factors on the basis of a smart method based on artificial neural network. 
However, proposed scheme consider both vehicle velocity and density but consume high bandwidth and taken 
delays, which can be reduce by using the efficient cluster head selection and minimize the number of hop counts 
that we have taken into consideration in our proposed approach. 

III. PROPOSED APPROACH 
In VANETs, the high mobility and density of vehicles pose challenge to establish an efficient and stable route for 
propagating information packets. The street vehicles travels at distinct speed while communicating with each 
other and not all nodes are essentially contribute in the route discovery process to find out the required 
destination, cause frequent link breakage, instability, and large number of packet dropping during the 
transmission. To improve the problem of route stability and propagating packets efficiently, the proposed 
approach has introduces an additional optimization operation of the traditional topology based routing protocol, 
Ad-hoc On-demand Distance Vector (AODV), to improve the routing recital and scalability of VANET network. 
For optimization process the proposed approach has use the idea of clustering in addition to reducing the 
flooding, overhead effects and minimizing the rate of link breakages in the established paths. To reduce the 
network overhead, cluster size limited to the two-hop, member’s nodes of cluster having maximum two -hop 
count link from the head node. Route establishment and propagation of massage in intra cluster has been done by 
the cluster heads. To build relatively stable clustering structure, each vehicle has associated with a unique vehicle 
identification number (VID) and rapidly broadcast the periodic HELLO message within their transmission range, 
to present their existence in network. After broadcasting the HELLO packet, each vehicle has to wait for reply 
message. If a vehicle get reply message within the time period and from more than two cluster heads than 
compare the both cluster head vehicle ID, CH_VID, to broadcast the cluster join request message to the cluster 
head that have greater VID among of them. After receiving the cluster join request cluster head send acceptance 
message with cluster ID and update the cluster status with gateway information. In case of when broadcasting 
vehicle gets reply message from the single cluster head than that compare it’s VID with the CH_VID and if it has 
greater VID than become as a new cluster head else join cluster as a member node. In case of failure to get reply 
message from any cluster head within the time slot the message broadcasting vehicle than elect itself as a cluster 
head without any member nodes and update the cluster information. 

 
Figure 4: Pseudo code for cluster formation 

To improve the link stability and for route maintenance, the proposed approach has constructed a two-hop 
topology database by using the HELLO packet information. This contains the nodes which are having at most 
two hops distance. If a connection between two nodes fails than the discover node try to repair breakage by 
verifying the route in two-hop topology database. If breakage link node has been found in two-hop distance than 
local route repair processes has been start and send the update information to the destination node. But in case of 
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failure, the cluster head believe that splintering node has been dead and delete its entry from the member table 
and route has to be recalculated. 

 
Figure 5: Route Repairing Process  

Apart from above process propose approach has also comprise self-healing and optimized routing techniques, 
SHORT, [22]  to improves routing optimality by monitoring routing paths continuously and redirecting the path 
whenever a shortcut path is available, by excluding the redundant nodes from the route. To support the proposed 
SHORT algorithm, with the source and destination  <Sn ,Dn> node address a packet have extra field in its header, 
hop-count (HC), to store the information about the hops number, initially initialize with zero at Sn node but 
incremented by one as takes packets at every hop. This information is maintained as an array termed as the hop 
comparison array. New entries replace the old entries when the array is full.  When a node broadcasts the packet 
within its transmission range the receiver nodes check the packet header to verify that packet is destined to it, as 
the next hop, or not. The destined node capture the packet and again check that it is final destination of packet or 
not, if true consume the packet else check for the entry corresponding to < Sn,Dn> in its HCA, if does not found 
the match then store information in the hop comparison array and forward it to next hop node, else  compare the 
CHC with SHC. If the difference (current HC – stored HC) is more than 2 then it implies that a short-cut path 
exists, node modifies its routing table entry to enable the short-cut path formation, else does not make any 
changes in RT. The value of 2 is used because we can shorten the paths that have a minimum of 2 hops. 

IV. SIMULATION SETUP & PERFORMANCE METRICS  
A. Simulation Tool & Parameters  
To evaluate the performance of proposed approach the real street network of Bagru, place exist nearby jaipur, 
rajasthan,india, 11000 X 12000 m. area extract from the OSM map, depicted in figure 6. The vehicle mobility has 
been generated by using the VANETMobisim simulator. Simulations conducted by using the Network Simulator 
NS-2.32 [23] with varying network densities, from low to high, and number of active connections.  To make real 
network scenario, traffic lights operated junctions are also specified and use IDM_IM mobility model to 
determine the speeds and positions of the vehicles.  

 
  Figure 6: Real Street network 

Table 1: Simulation Parameters for Scenario 1 
Parameters Values 

Simulation Area 11000 m X 12000 m 
Number of Nodes 25, 50, 75, 100, 125
Transmission Range 200 m
MAC protocol IEEE 802.11
Vehicle Speed (Maximum) 25 m/s
Simulation Time 100 sec.
Traffic Constant Bit Rate (CBR)
Packet Size 512 bytes
Queue type PriQueue
Routing Protocol AODV, CBERA 
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B. Performance Metric  
Several of performance metrics are available to evaluate the performance of routing algorithms. We have use 
three following performance metrics to analyze the simulation results.  
 Throughput: The throughput of the protocols can be defined as percentage of the packets received by the 

destination among the packets sent by the source. It is the amount of data per time unit that is delivered 
from one node to another via a communication link. The throughput is measured in bits per second.  

 Packet Delivery Ratio (PDR): This metric gives the ratio of the total data packets successfully received at 
the destination and total number of data packets generated at source.  

 Average End to End Delay (E2E): The end to end delay (E2E) metric presents the average time taken by 
the packets to pass through the network, successfully delivered to their destinations. 

 Normalized Routing Load (NRL): Normalized Routing load is the numbers of routing packets transmitted 
per data packet send to the destination.  

 Average Energy Consumption: This is defining as total number of joules consumed during the entire 
simulation time divided by total number of mobile nodes.  

V. ANALYSIS OF SIMULATION RESULTS  
The simulation results have been analyzed by comparing the metrics as stated in previous section. In order to 
obtain a fair comparison, the traditional AODV routing approach simulate in the same environment as used to 
simulate the proposed approach, and demonstrate the evaluation results based on performance metrics. The 
same scenario is used because of unique behavior of each algorithm to produce the output. The following 
figures has presents the significant results of proposed approach in terms of simulation matrices.  

 
Figure 7: Throughput (kbps) 

 
Figure 8: Packet Delivery Ratio

 

Figure 9: Average E2E Delays 

 
         Figure 10: Average Energy 

 

 
        Figure 11: Normalized Routing Load 
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Figures from number 7 to 11 present the simulation results of AODV & proposed routing algorithms under 
different network densities.  As stated previously, VANET network performance degrades with the increasing 
density of vehicles. Apart from this, in the simulation scenario network densities create the sparse and dense 
network, where in sparse networks, due to fail of packets to reach at surrounding neighbors, establishing a stable 
connection between source to sink node is very difficult. On the other hand dense network has the high 
probability of channel contention and packet collisions, cause of packet dropping. Both of these circumstances, 
with increasing the travelling time of the data packets, affect the performance of the network.  The above figures 
result clearly indicates that proposed approach put up comparable results against AODV routing protocol. 
 

VI.  CONCLUSION & FUTURE WORK  
In this paper we propose a cluster based approach for efficient routing in VANET (CBEARV), with the aim to 
improve the throughput, packet delivery ration with less energy and bandwidth consumption. The simulation 
results claim that proposed approach is more efficient and achieves the good performance results under different 
network conditions as compared to regular AODV routing protocol. Future work can be done in the way to 
reduce the consumption of energy with the requirement of low bandwidth for such type of network. 
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