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Abstract
Wireless Sensor Networks (WSNs) consist of a large number of low-cost, low-power and intelligent sensor nodes and 
one or more sinks or base stations. Those nodes are small in size and can perform many important functions, including 
event sensing, information processing, and data communication. WSNs can be employed in wide military applications and 
civilian scenarios. Sensing the signal and transmission of those signal require lots of energy which reduces the life time of 
sensor node, which affects the overall network life time. So for saving the energy a better mechanism is required which can 
improve the overall network life time. Many research works are going in this field for improving the network life time. For 
Energy saving a large network is divided in to some cluster from one hop to another hop, where a hop contains a Cluster 
Head (CH) which is chosen by the Base Station (BS) and a Cluster Member (CM), which can communicate with CH. Clusters, 
can save the energy due to less distance communication factor. CH communicates with BS. LEACH (Low Energy Adaptive 
Clustering Hierarchy) is very popular clustering mechanism, but it also has some draw backs. So a better mechanism for 
energy saving and to improve the life time of network is needed. Here author proposed a new idea called Mutual relay 
node clustering protocol. Here author analyses the network life time in terms of number of rounds and overall energy 
consumption and compare with currently existing Leach protocol.

1.  Introduction

The time for technological growth and survival on the 
world mainly dependent with the electrical equipment 
and dependency on these equipment increases very 
rapidly. Our home want, business need or environmen-
tal need to biological for each scenario, human beings 
are dependent on these new technologies. WSN is also 
a part of it. In WSN large numbers of sensor nodes are 
deployed in the network, these devices are capable of 
sensing signal and are programmable to do some task. 

These small devices are very useful in gathering environ-
mental data; it helps in military operation, at the time of 
disaster or health operation, tracking etc. By selecting a 
location, where target can approach the region of sensor 
nodes were it is deployed, if target entering in the WSN 
region sensor node start sensing the signal and collect the 
information and send it to the BS which is far from the 
sensor network. Cost of these devices are very low but it 
require continuous power supply, because these devices 
are inbuilt with battery which not rechargeable in most of 
the case, not replaceable also, so it get discharge and die, 
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the rate of failure of sensor node due to power supply is a 
biggest problem1. The WSN sensor nodes are less mobile 
in nature, it cannot move frequently like Ad hoc network. 
In WSN enough nodes are required for collecting more 
accurate data, tracking information or for maintaining 
the network connectivity. These nodes can communicate 
with neighbor nodes and exchange of information takes 
place. Sensing the signal and transmission of those signal 
require more energy, which reduce the life time of sensor 
node and it also affects the overall network life time. For 
saving the energy, a better mechanism is required which 
can improve the overall network life time2. Many works 
are going on in this field for improving the network life 
time. LEACH protocol became very popular for the clus-
tering the network and improving the network life time 
but LEACH protocol also has some loop holes and not up 
to the mark. 

The basic functionality of clustering mechanism is 
dividing the large network in small-small cluster where 
each cluster has their own CH and CM and one BS which 
may be located inside or outside the network. Selection 
process of CH, each node sends their information like 
energy level, position BS etc. On the basis of these detail 
BS chooses number of CH and give them ID. Then the 
CH broadcast this ID in the network. Other member of 
network checks the best feasible CH on the basis like, the 
distance from CH and chooses one CH as their head. 
By this manner different member join different CH and 
forms a cluster. After that CM can directly communicate 
with other CM and CH. CM transmit their data to the 
CH, CH collecting data and process it and can communi-
cate directly or indirectly to the base station3. In this case 
CM can save their energy because, the direct commu-
nication with BS sensor node lose their energy very fast 
due to distance factor. The Energy consumption can be 
divided into two parts, nodes can utilize energy for com-
munication and sensing the signal within the cluster and 
in other case node can utilize energy in communication 
with other cluster node. For avoiding the communication 
error or packet failure here author calculate the Packet 
Failure Probability (PFP) based on probability factor, 
author schedule the cluster node for transmission of 
data. This establishes a relationship between active node 
and energy consumption, the Energy consumption and 
sensor active node rate also depends on network node 
density. 

For the best result analysis author compare 
the obtained result with existing “Energy-Efficient 

Cooperative Transmission for Simultaneous Wireless 
Information and Power Transfer in Clustered WSN” by 
author Songtao Guo, in which its shows that our obtained 
result is performing better. Rest of the organization of 
paper is as follows in section two WSN clustering mecha-
nism is discussed from various previous works. In section 
third proposed system with network design and PFP is 
discussed. In last section overall summary of the paper 
work is concluded.

2.  Related Work

Various researches are ongoing for the saving of energy 
consumption in WSN. In4 author give idea about 
energy aware routing protocol in WSN, before forward-
ing packet from one node to another, by considering 
the available energy of sensor nodes. In Energy Aware 
Directed Diffusion (EADD) protocol a node which has 
more energy response time is fast in comparison with 
node which has less energy. It is useful in balancing 
the energy distribution in a network, to achieve energy 
efficiency by reducing duplicate message. In5 author 
defined the stability of network in terms of energy 
consumption and lifetime of network. Cluster may 
overlap each other and packet collision in the network 
also happen, for the avoidance of these factors, Multi-
hop energy efficient LEACH protocols given, but are 
not robust clustering techniques. I6 multiple sensor 
nodes can join or leave the cluster at a same time, while 
existing work has only one node can join or leave at 
a time. By using concept of time complexity, author 
tries to achieve the goal. However about energy con-
sumption author not to be concerned which a major 
issue in WSN. In7 a multi-hop LEACH algorithm is 
proposed, it is similar to the LEACH, and selection 
process of CH is same as LEACH. Difference is that if 
BS is far away or beyond the range in that case CH may 
behave as a relay node for transmission of the informa-
tion. The demerits of LEACH concept is that, all nodes 
are identical in energy level or size. Life time problem 
of sensor network covered in8, every sensor has non 
negative weight and computation is done based on the 
node which is minimum weight. In14, author achieves 
the network lifetime of WSN in coverage of target 
or any specific things. In15 problem faced at the time 
of dividing the network and make cluster in WSN is 
discussed and comparison of clustering algorithm is 
done based on their network size, residual energy, hop  
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distance, CH distribution delay. In16 author calculated 
the function for minimizing the distance between 
intra-cluster called fitness function, it minimize the 
distance between cluster node and CH. Through this 
function energy efficiency of network also increases. 
For the selection of CH all the sensor node send their 
residual energy level and location information to the 
sink. At that time network congestion is high because 
transmission in bulk and it also leads to unnecessary 
energy consumption. 

3.  Proposed System

3.1  Network Design
Here author consider WSN with random number of 
sensor node which is deployed in a sensor field. Sensor 
network is divided into a set of cluster where each clus-
ter has it CH. Author consider mutual relay between the 
clusters so cluster has also Mutual Cluster Head (MCH). 
A cluster contains CH with cluster member, where cluster 
head behave as a sink for CM and for cluster head BS is a 
sink. A basic architecture of WSN is CM senses the signal 
or based on basic operation on that prepare information 
and send it to the CH. Now cluster head collect all the 
information from number of CM and perform its own 
calculation prepare a result and send it to the base station.

Now a modified WSN architecture is describe as, 
after formation of CH author proposed a concept for 
mutual node which is worked for mutual relay between 
inter-cluster and intra-cluster, and names it as MCH. For 
selection of MCH CM send their information to the clus-
ter head or inform that previously it will be a MCH or not. 
It only takes one bit extra overhead for the CM at the time 
of joining the cluster after election of new cluster head. 
Based on signal strength and minimum communication 
distance, if number of MCH candidate is less than CH 
only considers the signal strength for selecting the MCH.

Figure1 shows that there is one sensor network and it 
has two clusters with name . BS residing outside 
the Sensor network and named as BS. In a cluster there is 
a cluster head named as CH and for better communica-
tion mechanism with inter cluster communication cluster 
head choose some mutual relay cluster node named as 
MCH. Communication between cluster node and cluster 
head within the cluster is known as intra-cluster com-
munication and communication between two clusters is 
known as inter-cluster communication.

Figure 1.  Cluster design mechanism.

3.2  Symbol and Notation Used

Table 1.  Summary of notation
Notation Description

Maximum radius of cluster

Distance between cluster head and cluster 
member
Average density of randomly deployed sensor 
node in the network
Packet Length

Number of cluster member

Received  at the receiving node
Consumption of energy per bit for intra-
broadcasting transmission
Distance between two cluster heads

Average bit failure rate

PFP

Average PFP

Probability that  nodes decode packet 
correctly
Average number of nodes that decode packets

 Total PFP for both inter and intra 
communication

3.3  System Design
For heavy traffic condition, CDMA multichip network is 
used and sensor node randomly deployed in the network 
with average density . Probability of finding  nodes in  
a forwarding cluster  with cluster radius  can be 
given as
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(1)

So a CH may get the j number of cluster member. 
Here we can take  as a two cluster, if communi-
cation between cluster  member node and CH is going 
on it is called intra-cluster communication. In this CH 
can broadcast a message for mutual relay but for com-
munication with other cluster CH and MCH relay form 
a virtual antenna to communicate with cluster head of .  
Here we are considering that the CH known its channel 
condition and MCH in a same cluster. Cluster head is only 
supposed to receive the inter-cluster transmitted data.

3.4  PFP
Here packet transmission by the sensor nodes is defined 
in terms of intra-cluster and inter-cluster packet transmis-
sion, it is not necessary that packet which is transmitted 
is properly decoded by the cluster node for this we are 
analyzing PFP.

3.4.1  Type 1 PFP
In Intra-cluster broadcasting communication, the sensor 
nodes communicate within the cluster. When CH nodes 
broadcast some message it is not necessary that all member 
nodes decode that message packet properly. For avoiding 
this we find PFP and average number of packet which 
is decoded by the nodes. Inside the cluster,  is the dis-
tance between cluster head and CM where  is less than 
or equal to maximum radius of cluster . The density of 
continuous random variable can be calculated as

  				         (2)
In intra-cluster wireless transmission, loss of energy 

follows the Free-space path loss. Here distance between 
nodes is less hence it follows square-law path loss. CM 
that receives signal which is broadcasted by CH at some 

 distance which may contain some noise, then received 
  at the receiving node can be given as

 				       
 (3)

Where  the antenna gain in cluster is is,  is the chan-
nel gain between cluster node and CH, white Gaussian 
noise power at the receiver is . Consumption of energy 
per bit for intra-broadcasting transmission is .

Average bit failure rate when  is energy consumption 
and  is the distance between CH and members node of 
cluster.

  				         
(4)

From [8] PFP  can be expressed as

 			        (5)

Value of  is very small so we can consider the 
overall result of  were  is the packet length. Now 
by using equation (2) we can find average PFP in a  
cluster as

 		       
(6)

Put  from equation (4)

  		       
(7)

 			        
(8)

Cluster head and members of clusters are inde-
pendent; members of cluster independently decode 
the message packet. Probability that  nodes properly 
decode the message by using the equation (1) and con-
cept of binomial distribution and  is uniform number 

 is

      
(9)

Now find the average number of node that properly 
decode the message packet in a cluster is

  			      
(10)

   			      
(11) 
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3.4.2  Type 2 PFP
Communication between two clusters is known as 
inter-cluster communication and usually distance 
between two clusters is more than radius of a clus-
ter. Here communication between  and  cluster is 
taken as shown in Figure 1. Network among the clus-
ter has orthogonal property, for this average Signal to 
noise Ratio (SNR)9 received by the relay node can be 
given as 

  				       
(12)

Where inter cluster distance is  which transmitter to 
receiver end distance from center of two cluster.  is 
the transmission energy required by the node for each 
bit transmission, it is assumed that each node require the 
same energy . 

We assume perfect channel knowledge at the 
receiver11,12. Due to orthogonal property of channel the 
effective received SNR value can be given as

 			      
(13)

Where  denotes the channel gain between  
transmission node. With chi-square distribution,  can 
be subject to  degree off freedom13.

Average bit failure probability for inter-cluster trans-
mission is  and it is very small ( ), and 
therefore PFP can be given as

  		     
(14)

3.4.3 � Type 3 PFP in overall mutual relay 
communication

PFP obtained from both type1 and type 2 communica-
tions based on that overall average PFP can be given as

 

= 
							�     

(15)

Based on exponential function series representation 
we can get

=  � (16)

Hence,

  (17)

3.4.4  Energy Consumption
Energy consumption of whole network can be calculated 
as energy consumption in intra-cluster communication 
and energy consumption in inter-cluster communi-
cation. CH of the cluster consumes  average energy  
per bit

   	    (18)

Where  represent the transmission efficiency of 
power amplifier.  denote the transmitter and 
receiver circuit energy. 

Energy consumption for inter-cluster mutual relay 
communication for  including CH

      (19)

Now overall energy consumption,

  			      (20)

Life time of network depends on energy consumption 
by the CM and CH. 

4.  Result and Analysis

The system environment used is windows 8.1 enterprises 
64-bit operating system with 4GB of RAM. We have used 
sensoria simulator which is based on C# programming 
and used dot net framework 4.0 visual studios 2010. We 
have conducted simulation study on following parameter 
for network lifetime and packet transmission delay and 
compare it with existing one and have varied node size by 
400,600,800.
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Table 2.  Network parameter for simulation of the WSN
N/W Parameter Value
Size of N/W 40m*40m (meters)
Number of Sensor nodes 400,600,800
BS location 1m*1m (meters)

Length of Data packet 
2000 bits

Initial energy of sensor nodes 0.1 J
Radio energy dissipation 50 nj/bit
Data packet delay 0.1ms
Idle energy consumption 50 nj/bit
Amplification energy 100 pj/bit/m2
Transmission speed 100 bits/s
Bandwidth 5000 bits/s

In Figure 2, it is shows that packet transmission delay 
for number of node 400,600 and 800 is shown. For 400 
nodes delay for Leach is 170ms, and 136ms is taken by 
our proposed model.  For 600 nodes delay for Leach is 
195ms and for our proposed model it takes 172ms. Leach 
takes 200ms and 184ms is taken by our proposed model 
when number of nodes are 600. From figure 2 we can the 
delay of proposed approach is reduced by 19%, 12% and 
8% over  protocol when node is equal to 400, 600 
and 800 respectively.

Figure 2.  Packet transmission delay.

In Figure 3, WSN network life time analysis is done 
for different-different number of nodes and comparison 
is done between existing and proposed model. From fig-
ure it is clear that our proposed model network life time 

increases as number of nodes increases but for existing 
model network lifetime is decreases as number of nodes is 
increased. Here percentage of lifetime increment between 
existing and proposed is can be given, for 400 nodes pro-
posed model is 13.82% better than exiting, when number 
of nodes are 600 it performed 58.34% better than existing 
and for 800 nodes percentage is 75.13%. All percentage 
of network lifetimes is done on the basis of time taken 
by proposed or existing model at 400,600 and 800 nodes.

Figure 3.  WSN network lifetime.

In Figure 4, Network Energy and number of rounds 
for 400 nodes is showing ES-Leach ended up with 200 
rounds and our model ended up with 209 rounds. Here 
4% more round for our proposed model.

Figure 4.  Energy Vs Number of rounds.

In Figure 5, the network energy and number of rounds 
for 600 nodes here we can see that Leach protocol number 
of round end at the 127 iteration only while our proposed 
model go up to the 148 rounds. Hence 17% more rounds 
for 600 nodes.
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Figure 5.  Energy Vs Number of rounds.

In Figure 6, 800 nodes are analyze in a network in 
terms of energy and number of rounds where Leach end 
up with 93 rounds only while our proposed model with 
115 rounds. Here 22% more rounds for 800 nodes, so 
that, for more number of nodes percentage numbers of 
rounds increases for proposed model.

Figure 6.  Energy Vs Number of rounds.

From Figure 7, analysis shows that the node decay 
rate is fast for Leach when compared with our proposed 
Model.

Figure 7.  Node decay rate.

5.  Conclusion and Future

As WSN is a very fast growing technology but suffer with 
limited power supply due to which how to reduce the over-
all energy consumption in a network is our goal. For this 
here author used concept of mutual relay transmission 
and different mechanism of communication within WSN 
network. Our proposed mutual relay communication 
improved the lifetime of network by over 13.8% for 400 
node, 58.34% more efficient for 600 nodes and 75.13% for 
800 nodes. Which shows that as number of nodes increases 
our proposed system lifetime also increases but existing 
system lifetime decreases as number of node in system 
increases. For packet delay our proposed model also per-
forms better. We are also analyzing the number of round 
in network for 400, 600 and 800 nodes our model perfor-
mance increased with network size like for 400 nodes it 
perform 4% better than ES-Leach and for 600 and 800 it 
performed 17% and 22% more number of rounds respec-
tively. Node decay rate is reduced for our proposed model 
when compared with existing . In future we are 
going to work on Energy Bounded Model based on PFA.
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