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Abstract— Wireless Sensor Network is the group of 

specialized transducers with a communication infrastructure 

that uses radio to monitor and record physical or 

environmental conditions. There are a number of routing 

protocols for wireless sensor network. In this paper, an 

effort has been made to compare the performance of various 

routing protocols. Three performance metrics are taken into 

consideration namely number of alive nodes, number of 

dead nodes and packets transmitted to the sink. Simulation 

is performed in MATLAB programming environment. 
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I. INTRODUCTION 

A Wireless sensor network comprises a large number of 

sensor nodes that are used for monitoring physical or 

environmental conditions such as pressure, temperature, etc. 

Hundreds to thousands such sensor nodes are deployed in a 

wireless sensor network. The components of a sensor node 

are shown below: 

 

Fig.1 Components of a Sensor Node 

The nodes in the network sense the data and 

transmit it to a processing center called „Sink‟ or „Base 

Station‟. Based on the energy, the nodes are classified into 

two categories namely advanced and normal nodes. Nodes 

which have energy higher than the threshold energy are 

chosen as advanced nodes. The clustering method is used 

for improving the design of the protocols used in WSN. 

 
Fig. 2 Randomly distributed nodes 

 
Fig. 3 Cluster Formation 

II. RELATED WORK 

A number of WSN routing protocols have been designed 

and comparisons have been done between these protocols 

based on various parameters. Mohammad Masdari and 

Maryam Tanabi[1] analyzed multipath routing protocols in 

wireless sensor networks. The paper investigated various 

multi-path routing protocols of the WSN in the literature and 

illustrated its benefits. Wang et al. [3] proposed an energy 

efficient and collision aware (EECA) node-disjoint 

multipath routing algorithm for wireless sensor networks. 

With the aid of node position information, the EECA 

algorithm attempted to find two collision-free routes using 

constrained and power adjusted flooding and then 

transmitted the data with minimum power needed through 

power control component of the protocol. Meena Ahlawat 

and Ankita mittal[6] presented Prolonging Lifetime of 

Wireless Sensor Network using Evolutionary algorithms. 

LEACH has been widely accepted WSN routing protocol 

for its energy efficiency. Evolutionary algorithm (EA) also 

used by researcher to resolve cluster based protocol in 

WSNs. Chunyao et al. [8] proposed an Energy Balanced 

Algorithm of LEACH protocol in WSN. Qian Liao and Hao 

Zhu[10] took node‟s residual energy and location 

information into account, optimized the selection method of 

the threshold for electing cluster-head, improved optimal 

cluster-head selection strategy that is normal nodes selected 

the optimal cluster-head based on the cost function. Norouzi 

et al. [11] designed a new Clustering Protocol for Wireless 

Sensor Networks using genetic algorithm approach and 

investigated the Genetic Algorithm (GA) as a dynamic 

technique to find optimum states. It was a simple framework 

that included a proposed mathematical formula, which 

increasing in coverage was benchmarked against life-time. 

Finally, the implementation of the proposed algorithm 
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indicated a better efficiency compared to other simulated 

works. 

III. ENERGY MODEL 

Consider a heterogeneous wireless sensor network i.e. all 

sensor nodes do not have the same energy. So, some of the 

nodes will have α times more energy than rest of the nodes. 

These can be referred as advanced nodes. Let m be the 

fraction of the total number of nodes n, which are equipped 

with α times more energy than the others[10]. 

 

Fig.4 Radio Energy dissipation Model [6] 

The energy consumption of k-bits message 

between two nodes with a distance of d can be evaluated as:  

ETx= k. Eelec + k. Efs. d
2
, if d d0 

ETx= k. Eelec + k. Emp. d
4
, if d> d0 

Where ETx(k,d) is the energy consumption in 

transmitting k-bit data to a node with a distance of d, ERx(k) 

is the energy consumption in receiving k-bit data. Eelec 

equals the per bit energy consumption for transmitter and 

receiver circuit .Emp and Efs are the amplifier parameters of 

transmission corresponding to the multi-path fading model 

and the free-space model respectively. d0 is the threshold 

distance between multi-path fading model and the free-space 

model. By equating the two expressions at d=d0, the 

following value is obtained: 

   √
    

   
 

IV. ROUTING PROTOCOLS 

A. SEP 

A Stable Election Protocol (SEP) for clustered 

heterogeneous wireless sensor networks is designed for the 

two-level heterogeneous networks. The probability 

threshold, which each node 𝑠 uses to determine whether 

itself to become a cluster-head in every one round, is as 

follow:  

 ( )  {
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Where   is the set of nodes that are eligible to be 

cluster heads at round  . In each one round  , when node 𝑠 
find it is eligible to be a cluster head, it will decide a casual 

number between 0 and 1. If the number is less than 

threshold (𝑠), the node 𝑠  becomes a cluster head during the 

current round. Also, for two-level heterogeneous networks, 

  is defined as follow:  

Pnrm= 
    

     
              if s is normal node 

𝑃𝑎 𝑣=
    (  α)

(   α  ) 
           if s is advanced node 

B. Z-SEP 

Using this protocol, the network field is divided in three 

zones. The reason behind this type of deployment is that 

advance nodes have high energy than normal nodes. As 

corners are most distant places in the field, so if a node is at 

corner then it requires more energy to communicate with 

base station. 

 
Fig. 5 Flowchart for Z-SEP 

C. LEACH 

The operation of LEACH is performed into two steps, the 

setup phase and the steady state phase. In setup phase the 

nodes are organized into cluster heads (CHs) are selected. 

These cluster heads change randomly over time in order to 

balance the energy of the network. This is done by choosing 

a random number between 0 and 1. The node is selected as a 

cluster head for the current round if the random number is 

less than the threshold value T (n), which is given by  

 ( )  {

 

   (      
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Here G is the set of nodes that are involved in the 

CH election. In the steady state phase, the actual data is 

transferred to the BS. To minimize overhead the duration of 

the steady state phase should be longer than the duration of 

the setup phase. The CH node, after receiving all the data 

from its member nodes, performs aggregation before 

sending it to the BS. After a certain time period, the setup 

phase is restarted and new CHs is selected. Each cluster 

communicates using different CDMA codes to reduce 

interference from nodes belonging to other clusters [4]. 

D. Genetic Algorithm Approach 

Proposed algorithm for applying GA to the routing protocols 

is as follows: 

1) Create a heterogeneous wireless sensor network. For 

this initialize all the basic parameters such as number 

of nodes, initial energy, data aggregation energy, etc 

2) Choose any routing protocol such as SEP, Z-SEP or 

LEACH and proceed to step 3. 



A Comparative Study of Multipath Routing Protocols in WSN 

 (IJSRD/Vol. 3/Issue 04/2015/533) 

 

 All rights reserved by www.ijsrd.com 3207 

3) Find the cluster head, normal nodes and advanced 

nodes of each cluster. 

4) Evaluate the energy parameters. 

5) With the help of the energy parameters obtained in 

step 4, find the number of alive nodes, the number of 

dead nodes and the number of packets transferred to 

Base Station. 

Figure 6 illustrates an algorithm for applying GA to 

the routing protocols. 

 
Fig. 6 Flowchart for applying GA to LEACH, SEP and Z-

SEP 

V. SIMULATION RESULTS 

For simulation, MATLAB programming environment is 

used. The goal is to compare the performance of SEP, Z-

SEP and LEACH. Performance Metrics used in the 

simulation are: 

 Number of alive nodes per round 

 Number of dead nodes per round 

 Packets transferred from Cluster heads to Base 

station i.e. throughput 

A population of 100 nodes in a sensor network 

field of dimension 100mX100m is considered. Only 10% of 

the nodes are advanced i.e. m=0.1 which are equipped with 

200% more energy than other nodes i.e. α=2.  The optimal 

probability of a node to become cluster head is 0.1. Other 

parameters are mentioned below: 

Parameter Value 

Popt 0.1 

Sink location (50,50) 

Initial energy of normal 

node, E0 

0.5 Joules 

K(message size) 4000 

Efs (free space model) 10 pJ/bit/m
2
 

Emp (multipath fading model) 0.0013pJ/bit/m
4
 

Energy to run transceiver, 

Eelec 

50nJ/bit 

Data Aggregation Energy, 5nJ/bit/message 

Eda 

Maximum Number of rounds 9000 

Table 1: Simulation Environment Parameters 

From figure 7, it is observed that the number of 

packets transmitted to base station is highest using Z-SEP. 

 
Fig. 7 Number of packets transferred to Base station per 

round 

Round SEP Z-SEP LEACH 

1000 0.2 X 10
5
 0.76 X 10

5
 0.12 X 10

5
 

2000 0.29 X 10
5
 1.7 X 10

5
 0.18 X 10

5
 

5000 0.32 X 10
5
 2.125 X 10

5
 0.21 X 10

5
 

9000 0.4 X 10
5
 2.25 X 10

5
 0.25 X 10

5
 

Table 2: No. Of Packets Sent To Base Station 

It is clear from figure 8 that the number of dead 

nodes is increasing with increase in number of rounds. 

 
Fig. 8 Number of Dead nodes per round 

Protocol Round when first node dies 

SEP 1100 

Z-SEP 1550 

LEACH 900 

Table : 3 Dead Nodes Performance Evaluation 

The performance metric on which genetic 

algorithm is applied is the number of alive nodes. From 

figure 9, it can be said that optimized SEP has highest 

number of alive nodes approximately up to 800
th

 round. 

Afterwards, the optimized LEACH and the optimized SEP 

have approximately equal number of alive nodes. 
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Fig 9 Number of alive nodes per round 

Roun

d 

SE

P 

Z-

SE

P 

LEAC

H 

Optimize

d SEP 

Optimize

d LEACH 

125 100 100 100 114 105 

250 100 100 100 118 110 

1000 100 100 100 80 79 

2000 6 70 10 22 20 

Table 4 : Number Of Alive Nodes 

VI. CONCLUSION & FUTURE WORK 

This paper compares the existing routing protocols (e.g. 

SEP, Z-SEP, LEACH) used in Wireless sensor networks 

under various performance metrics through simulation. 

Simulations show that applying genetic algorithm to these 

protocols, gives better results. One of the most important 

issues that should be addressed in order to improve life span 

of the network is efficiency of energy. Formation of clusters 

greatly helps in achieving energy efficiency as it reduces 

communication distance. Genetic algorithm ensures that 

fittest node is selected as cluster head. The proposed genetic 

algorithm approach helps in increasing the number of alive 

nodes in the network, thereby minimizing energy 

consumption. 

Protocols studied in this paper can be further 

optimized using the genetic algorithm and other techniques 

such as ACO, PSO, etc. taking constraints other than those 

used in this paper. 
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