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Abstract- Vehicular Ad hoc Networks (VANETs), a sub class of mobile Ad Hoc networks (MANETs), are networks that 
have no fixed infrastructure and instead depend on the vehicles themselves to provide exchange of information. They have 
potential in enhancing road safety by sharing emergency information to other vehicles in the network. However, due to 
continuous vehicle movement, providing a reliable and efficient multi-hop broadcast service in VANETs is challenging. 
Therefore, we propose a scheme which uses fuzzy logic, with the help of fuzzy logic tool box in MATLAB software, to 
choose the forwarding nodes and uses network coding to reduce the number of retransmissions. By using fuzzy logic, the 
best forwarding nodes are selected which further transmit the messages. By integrating network coding with the fuzzy logic 
based forwarding, we significantly reduce the number of required transmissions and provide high packet dissemination ratio. 
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I. INTRODUCTION 
 
Wireless networks provide radio wave 
communication among devices present in the 
network. Mobile Ad Hoc networks (MANETs) are a 
kind of wireless networks which have nodes which 
are mobile in nature and move autonomously in any 
direction. Vehicular Ad hoc Network (VANET) is a 
type of MANET which provides wireless 
communication among vehicles and roadside 
equipment present in the network. Vehicles can 
efficiently exchange information such as emergency 
messages in a VANET. But as the vehicles (nodes) 
have rapidly changing movements, a simple multi-
hop scheme is not efficient for communication 
between source and destination node. 
The following challenges should be taken into 
account while choosing an efficient communication 
mode: (1) selecting an efficient multi-hop path, and 
(2) providing reliability in transmitting information to 
the next forwarding node. In this paper, we mainly 
focus on providing the best possible multi-hop route 
between source and destination node and providing a 
high packet dissemination ratio for the selected 
forwarding node. 
Many authors have proposed different protocols in 
VANETs to enhance multi-hop routing techniques. In 
[1], C. Wu et al. have proposed a protocol which 
utilize dynamically generated backbone vehicles to 
disperse packets in the network. Furthermore, they 
used network coding to improve packet reception 
probability. Another protocol which uses intra-flow 
and inter-flow network coding is presented by C. Wu 
et al. [2], to reduce the protocol overhead as 
compared to traditional protocols. Yoo and Kim [3] 
have proposed a protocol called RObust and Fast 
Forwarding (ROFF) with the help of which redundant 
retransmissions in the network are minimized.  
Suthaputchakun et al. [4] have proposed a multi-hop 

broadcast protocol for time-critical emergency 
messages (EMs) dissemination. This proposed trinary 
partitioned black-burst-based broadcast protocol 
(3P3B) applies trinary partitioning at the network 
layer and mini-distributed interframe space (DIFS) 
mechanism at the MAC sublayer. Celimuge Wu et al. 
[5] have proposed FUZZBR (FUZZy BRoadcast), a 
fuzzy logic based multi-hop broadcast protocol which 
has a low message overhead due to its use of only 
selective relay nodes for information dissemination. 
When a relay node fails to retransmit a packet, the 
FUZZBR also uses a lightweight retransmission 
mechanism. 
In this paper, we propose a co-operative forwarding 
node selection and network coding assisted scheme 
for data dissemination in VANETs. In the proposed 
scheme, the sender node selects a master and a slave 
node for forwarding the messages using fuzzy logic 
system. Taking advantage of the cooperation between 
the master and slave forwarding node, this scheme 
reduces the packet losses at receiving nodes in the 
network. Also, the network coding method minimizes 
the number of transmissions in the network.  
 
II. PROPOSED SCHEME 
 
2.1. Evaluation of neighbor nodes based on fuzzy 
logic 
In conventional routing schemes, a sender node 
selects a next hop forwarding node for transmitting 
data in the network. The proposed method selects a 
master forwarding node and a slave forwarding node 
to increase the probability of reception. Each node 
transmits hello messages with a time period of 1 
second. When a node receives a hello message, it 
assesses the neighbour node as per the distance 
between nodes, mobility and signal strength of the 
neighbour node. Hence by exchanging these hello 
messages among the nodes, each node preserves an 
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assessment result for every neighbour node. These 
assessment results are used when selecting the master 
and slave forwarding nodes.  
The fuzzy system is used in this work to select the 
specific nodes to forward messages. It is a 
mathematical logic which gives reasoning that is 
approximate rather than fixed and specific. These 
systems are able to solve uncertain problems 
efficiently. Depending on the road scenario and 
traffic movements in the VANET system, the 
parameters of fuzzy logic can be adjusted. The fuzzy 
logic can adapt to any VANET scenario by adjusting 
the membership functions and fuzzy rules. 
The fuzzy logic system comprises of three steps, 
namely, fuzzification, setting and combining of 
IF/THEN rules, and defuzzification. A node assesses 
the neighbour nodes based on three metrics, i.e., 
distance, mobility of neighbour node and RSSI 
(received signal strength indicator) of neighbour 
node. The variables for distance are {Large, Medium, 
Small}. For mobility, they are {Slow, Medium, Fast}, 
and for RSSI they are {High, Average, Low}. These 
metrics are given as input to the fuzzy logic system. 
Then certain IF/THEN rules are defined as in Table1 
and combined to get the grade of the neighbour node 
which is to be selected as a master node. 
According to the table, rule 1 describes that if 
distance between the nodes is large, mobility of 
neighbour node is slow and signal strength of 
neighbour node is high, then the grade is perfect. A 
node which possesses following rule is considered as 
the best node to be selected as master node. This is 
because when the distance is large, we can select the 
farthest node thus reducing the number of hops in the 
network. When the mobility is low, the nodes will not 
move out of the range from the sender node. Also, a 
high signal strength indicates that nodes will reliably 
receive the packets. This is why rule 1 corresponds to 
the grade ‘perfect’. 
Next step is defuzzification which considers the 
output membership function and degree to generate a 
mathematical solution.  

 
Table1: Fuzzy rules 

 

 

 

 
Fig.1. Example of Fuzzy rule viewer with defuzzified value in 

MATLAB 
 

Fig.1 shows an example of defuzzification method 
using MATLAB software. In last column, the red line 
indicates defuzzified value. It can be seen that the 
distance is large (0.8) mobility is slow (0.2) and RSSI 
is high (0.85). For this condition the corresponding 
grade is ‘perfect’ according to Table1. In Fig.1, the 
output numerical value is 0.84, 

 
Fig.2. Data transmission by using network coding [6] 

 
which corresponds to the grade ‘perfect’. Thus, the 
master forwarding node is designated. The master 
node then selects a slave node which is at a minimum 
distance from it with the help of assessment results.  
 
2.2. Network coding for reliable transmissions 
Network coding is applied in the proposed scheme by 
using fixed coding vectors. These coding coefficients 
are mutually independent, given as follows [1]: 
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where a & b  are successive packets. 
While transmission, source node makes use of any 
two vectors to encode two successive packets (a & b) 
for each group. Note that there are numerous possible 
combinations which can fulfil the necessity of the 
proposed scheme (the only necessity is that the four 
combinations are not dependent on each other). 
Therefore, these coding vectors are not the only 
preference. Master node further forwards a packet 
when it receives the packet. After receiving, the slave 
node may or may not re-encode it. The slave node 
initially verifies if received packet is the first packet 
of the corresponding group. If it is the first one, slave 
node waits to receive another encoded packet. If the 
master node has previously sent two packets from the 
same group, the slave node does not perform 
encoding. If only one packet is received by the slave 
node and the master node has not sent this packet 
previously, the slave node directly transmits this 
packet. If two packets are obtained by the slave node, 
it performs encoding with other sequences from the 
coding vectors and transmits this packet. For 
instance, if packets a+b and a+2b are obtained, the 
other sequence will be 2a+3b; likewise, if packets 
2a+3b and 3a+5b are obtained, the other sequence 
will be a+b. 
As shown in Fig.2, Src is source node that performs 
encoding on packets a & b to gain the linear coded 
sequence a+b & a+2b. It selects a master node (M1) 
and a slave node (S1). M1 receives packet a+b and S1 
receives packet a+2b. Then, nodes M1 and S1 further 
transmit these packets. 
Upon reception of two encoded packets by node S2, it 
performs encoding and makes use of the next 
sequence to obtain 2a+3b and further transmits this 
packet. For instance, a node can regain the initial 
packets when any two of {a+b, a+2b, 2a+3b, 3a+5b} 
are obtained. As shown in the figure, when M3 
receives 2a+3b, it can perform decoding when it 
receives a+b. Here, the master node M3 sends two 
different packets further, so the slave node S4 does 
not perform encoding or forwarding. 
 
III. RESULTS AND DISCUSSION 
 
We have used MATLAB version 7.10.0 (R2010a) 
software to conduct the simulations. Table2 shows 
the simulation parameters used in this work. 
Generation of mobility was randomly selected in the 
simulation.  

Table2: Simulation parameters 

 

The proposed scheme was compared with 
conventional approach which consists of data 
transmission without using fuzzy and network coding 
techniques.  
Fig.3 shows the comparison of successful forwarding 
probabilities with and without fuzzy and network 
coding approach. In the proposed scheme, a node can 
decode the received packets only when it receives 
two encoded packets which are independent from 
each other. In this scheme, the packets sent by both 
the master and slave nodes are linearly independent 
from each other as well. The only chance for the 
successful forwarding of packets to fail is when both 
master and slave nodes receive a single packet or the 
received two packets are similar to each other. This 
happens very rarely so the proposed scheme has high 
successful forwarding probability than the 
conventional approach. 
Fig.4 shows the packet dissemination ratio for 
different number of nodes in a VANET system. The 
proposed scheme gives the best performance due to 
efficient selection of forwarding nodes using fuzzy 
logic. As the number of nodes increases, the 
dissemination ratio of the conventional approach 
decreases because in a high-density network, many 
nodes try to forward messages at the same time which 
in turn introduces collisions and a decrease in packet 
reception ratio. The network coding approach 
provides high reception probability at a receiver node 
compared to the conventional approach resulting in 
about 97% packet dissemination ratio 

 
Fig.3. Successful forwarding probabilities for various packet 

loss probabilities 
 

 
Fig.4. Packet dissemination ratio 
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CONCLUSIONS 
 
Reliable selection of best forwarding nodes is 
necessary for providing multi-hop broadcast services 
in vehicular ad hoc networks. For selection of master 
and slave forwarding nodes, the fuzzy logic system is 
used in this scheme. Also, the network coding 
technique is used which reduces the number of 
retransmissions. Random nodes are generated in the 
network and their parameters are calculated. Three 
variables such as inter-vehicle distance, mobility and 
signal strength are given as input to the fuzzy logic 
system and the output displays the grade to select the 
best forwarding nodes for further transmission of 
messages. We used MATLAB software to assess the 
performance. The simulation results confirmed that 
using both fuzzy logic and network coding techniques 
result in a high successful forwarding probability and 
high packet dissemination ratio. 
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