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Abstract: Clustering is effective method to lessen the energy 

utilization in WSN. To improvise network lifespan numerous 
clustering approaches implement various parameters for election 
of CH. An effective clustering algorithm depends upon the 
number of factors such as number of CHs, uniform cluster size, 
CHs distribution, energy of the CHs etc. This paper proposes a 
Balanced Energy Consumption clustering algorithm. We 
introduce the concept of optimal number of nodes for CH 
selection based on heuristic approach and node dormancy 
mechanism for minimization of total energy consumption. This 
metric is incorporated with the probability function of CH 
selection. Mathematical analysis and simulations show the 
performance of proposed method. 

Keywords: Clustering, Energy efficient, Cluster-heads (CHs), 
LEACH, WSN, network lifetime. 

I. INTRODUCTION 

WSN has become as effective technology for 

communication with the increase in their utilization. WSN 
deployment is suitable for wide variety of utilization as 
monitoring environmental parameters, intruder surveillance, 
smart homes, maintenance, smart price tags , real world 
traffic management monitoring habitat and in disaster 
management[1][2]. WSN is collection of sensor node 
deployment over an area for a specific application. Its self- 
organizing capability helps to create a network model 
associated to a required task. Sensor transmits data to BS 
directly or through other nodes in case of multi-hopping. 
Sensor nodes are operated on constrained battery so the 
lifetime of the network varies which affects energy efficiency 
of WSN. The structural view of WSN is shown in figure 1. 
Energy efficiency of WSN is most challenging as it is hard to 
recharge or replace the node battery in hazardous areas. So 
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the energy proficient protocol should be designed for 
transmission in sensor nodes and BS. To assurance balanced 
energy consumption the clustering protocols have been 
implemented. Clustering improves the efficiency and 
scalability of WSN. This procedure monitors the topology 
and group sensors into small divisions as clusters, each 
having a node leader as CH. All nodes transmit though their 
CH. CH removes duplicate information, Aggregate it then 
forward to BS. The nodes near BS have higher utilization of 
energy due to forwarding task of all the sensed data. To 
balance the energy utilization node rotation dormancy 
mechanism is implemented to minimize the load of nodes 
near BS. 

 
Figure 1: Structural of Wireless Sensor Network 

A. Weight-Based Clustering Protocols 

       In this category of clustering protocols weight is election 
criteria for the CH node. The weighted score of node is 
calculated by residual energy, count of live neighbors, 
distance from BS and CH or how many times a node has 
become CH by the algorithm. The calculation of weight for 
each node is dependent on the iteration of clustering. Clusters 
are made in a way that consumption of energy comes out to 
be minimum. This clustering technique is used for 
heterogeneous networks. The main motive behind the usage 
of weight based clustering protocol is to enhance lifespan by 
election of node with higher leftover energy and to avoid 
electing node with lower energy node as CH. 
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The consideration factor for election of CH is that if the node 
is having higher residual energy then it acts as CH else acts as 
member. The node is said to be dead if the energy come 
below the specified threshold value. Each node sends a 
broadcast message after each clustering round.  
Then it calculates the number of live neighbors of 
surrounding each node. Thus the leftover energy is 
formulated using first order radio model energy analysis. 
Node with higher leftover energy elected as CH.   
We propose a novel dispersed energy proficient CH election 
method by the weighted score on basis of leftover energy, 
distance and node dormancy as parameters for probability 
function collectively to choose energy efficient CH. 
    Section II presents survey related to clustering methods, III 
demonstrates the network structure, IV shows the steps of 
proposed protocol, V presents results and VI gives 
conclusion. 

II.  LITERATURE SURVEY 

LEACH protocol is TDMA based MAC convention. The 
motive behind this protocol is to prolong lifespan of WSN by 
minimizing the energy utilization required to in process of 
selection of CH by implementing election algorithm [3]. The 
essential thought of clustering convention is to divide all 
nodes into numerous clusters each having CH capable of 
transmitting the information within cluster and sending it to 
BS. The CH is selected after each round of communication so 
as to equally disperse the data transmission. The CH is 
selected randomly and sends data to BS. The probability of 
selection of CH is same for all the cluster members as CH on 
the basis of different distances from BS, which affects the 
energy consumption and more distant clusters drains energy 
prior. Numerous conventions have been proposed for 
improvements, focusing on CH selection, routing and more 
issues as HEED protocol [4]. The table 1 shows improvement 
of LEACH with various modeling parameters and different 
research domain. 

 
Table I: Variants of LEACH 

Protocol Parameters Area of Research Contributions Improvement 

CogLEACH–C [5] 
Idle channels ,residual 

energy 
Cognitive radio 

employ leftover energy and idle 
channels 

Balances energy using 
idle channels with 
leftover energy. 

V–LEACH [6] Residual energy 
Multiple cluster heads 

in Clusters 
In case of a major CH malfunction, 

pick a vice CH 

guarantee data retrival 
due to 

two CHs 

I–LEACH [7] Residual energy Energy efficient 

 
appending remaining energy with     

threshold 
 

lessen average energy 
consumption  

 

LEACH–1R [8] Residual energy Cluster head changing 

 
Change the CH when it drains out 

of energy 
 

Network lifetime ,energy 
consumption 

EEM–LEACH [9] 
Residual energy , 
communication 

cost 
Energy efficient 

node with highest residual energy as 
CH and interaction between clusters 

Energy consumption , 
packet delivery 

EMOD–LEACH 
[10] 

Energy , communication cost Cluster head changing 
Effective replacement of the CH and 

dual transmission capacity 

Efficient CH replacement 
scheme enhances 
network lifetime 

EHA–LEACH [11] Energy harvesting capacity Energy harvesting Boost the lesser energy conversation 
energy harvesting nodes 

improve  
network lifespan 

LEACH–MAC 
[12] 

Advertisement time , 
distance 

Medium access 
control 

Reduces clustering randomness by    
limiting the number of ads produced 

by CHs 

Energy efficiency because 
county of CH ads 

Improved–LEACH 
[13] 

Distance between node , BS Energy efficient 

 
In choosing a cluster leader, two      

variables are considered to increase t
he number of live nodes 

 

Improved election of CHs 
and enhanced 
performance 

LEACH–SAGA 
[14] 

leftover energy , centroidal 
distance  

Optimization 

 
To determine the maximum number 
of cluster members, simulated anneal

-ing and GA are used 
 

Efficient division of CHs 
by minimizing 

energy consumption 

EE-LEACH [15] Residual energy Energy efficient 

 
Gaussian distribution, choosing relay 

node  
 

Network lifetime , power 
consumption 

IB-LEACH [16] Consumed energy Data aggregation 

 
lessen the burden of CH by equal 

division of 
responsibility in members 

 

even energy division in 
each cluster 
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Partition-LEACH 
[17] 

CH Distance  to BS Network hierarchy 
Successive layering in clusters, equal 

division node power 

Uniform division of 
energy among nodes, 

Improved transmission 
efficiency 

FT-LEACH [18] Residual energy Network reliability 

 
universal and localize re-clustering 

for finding error 
 

Fault tolerance 

P–LEACH [19] Residual energy Data transmission 
making chain of CH from the 

source CH to the BS 

Energy conservation, 
tracking of 

mobile sink, stability 

C–LEACH [20] 
Residual energy , shortest 

path 
Network division 

 
Dividing structure in cells  

Network coverage, 
multi–hop 

communication 

O–LEACH [21] 
Residual power , range to 

gateway node 
Network division 

Improvise the connection by adding 
orphan nodes 

Good connectivity and 
coverage 

EZ–LEACH [22] Nodes locations Network division 
Ensure the distances between  CH    
and all other nodes in each zone are 

equivalent 

Efficient CH selection 
based on 

various zones 

DL–LEACH [23] Distance to the BS Layered approach 
Deploying dual layer of multi-hop 

routing method 
Good energy 
consumption 

ICH–LEACH [24] Distance to the BS 
Multiple cluster heads 

in clusters 

Choose an midway CH based on the 
distance to the BS and  present CH p

ower 

enhanced the lifespan of a 
network 

considering  intermediate 
CH. 

CL-LEACH [25] 
Residual power , node to the 

BS range 
Cross layer 

network and hardware layer integrate 
with MAC 

Network lifetime , energy 
consumption 

III. NETWORK MODEL  

The assumptions for the proposed network model are:  
 

• Nodes are randomly deployed and are static.  
 

• Nodes send data to CH in the given slots and CH 
communicates to BS.  

 
• Node communicates adjoining straight away and 

with rest via midway nodes on the basis of   routing 
technique.  

 
The model use traditional radio model [26] to evaluate our 
proposed model in figure 2.  

 
Figure 2 Energy consumption model (Heinzelman et al., 

2002) 
 
The radio energy for transmission is: 

𝐸𝑇𝑥(𝑘, 𝑑) = 𝐸𝑇𝑥_𝑒𝑙𝑒𝑐(𝑘)  + 𝐸𝑇𝑥_𝑎𝑚𝑝(𝑘, 𝑑)  
 

𝐸𝑇𝑥(𝑘, 𝑑) = 𝐸𝑒𝑙𝑒𝑐 ∗ 𝑘 + 𝜀 𝑓𝑠 ∗ 𝑘 ∗ 𝑑 2            𝑖𝑓 𝑑 < 𝑑𝑜 
 
𝐸𝑇𝑥(𝑘, 𝑑) = 𝐸𝑒𝑙𝑒𝑐 ∗ 𝑘 + 𝜀 𝑚𝑝 ∗ 𝑘 ∗ 𝑑 4            𝑖𝑓 𝑑 ≥  𝑑𝑜 

 
Where threshold is: 𝑑𝑜 = √(𝜀𝑓𝑠 /𝜀 𝑚𝑝) 
To retrieve this message, the radio is: 
 

𝐸𝑅𝑥(𝑘) = 𝐸𝑅𝑥𝑒𝑙𝑒𝑐  (𝑘) = 𝐸𝑒𝑙𝑒𝑐 ∗ 𝑘 
 

IV. BALANCED ENERGY CONSUMPTION 

CLUSTERING PROTOCOL  

  The clustering approach proposed optimizes the utilization 
of energy and lifespan of sensors. The algorithm proposed 
uses traditional model given in [26]. The algorithm is based 
on heuristic technique for finding set of optimal clusters 
member that can be candidate for cluster head and further 
applied node dormancy mechanism to find CH.  
The steps of algorithm are given as:  
1) Setup all the sensor nodes in Hierarchical Clustering 

Approach using LEACH protocol. 
Identify the adjacent node (node degree) D (n) of each node 
n, in range of  transmission radius (Rn) 
D(n) = {n’| distance(n, n’) <= 𝑅n}       

Distance (n, n’) = (√( (𝑥i − xj)
2 + (yi − yj)

2)) ≤ R                
Find distance between BS and nodes. 

D BS-n =   ((XBS-Xn)2+(YBS-Yn)2) 

Where (XBS, YBS), (Xn , Yn) are coordinates of BS and 
nodes. 
Compute the left over energy of all the nodes 
The leftover energy of node 𝑛𝑖 (Er𝑖): computed after the 
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transmission of 𝑘 bits message located at distance 𝑑 from 
receiver [27, 28, 33] 
Er𝑖= 𝐸 − ((𝑘, 𝑑) + 𝐸𝑅𝑥 elec (𝑘))                    
Where 
(i) 𝐸 is current energy of node 
(ii) (𝑘, 𝑑) = 𝑘 * 𝐸elec + 𝑘 * 𝐸amp * 𝑑2, energy for sending 
data 
(iii) 𝐸amp is amplifier energy 
(iv) 𝐸 𝑅𝑥 elec (𝑘) = 𝑘 𝐸elec energy used in receiving message. 
 
Residual power computed during a single epoch as  
 

𝐸𝑟(𝑥) =  𝐸𝑥 − 𝐸𝑑𝑖𝑠𝑠(𝑥) 
 

For ease, suppose highest range of node and BS, CH 
dissipated power is [77]:  

𝐸𝑐ℎ = 𝐹𝐸𝑠𝑒𝑙𝑒𝑐𝑡 (
𝑛

𝑘
) + 𝐹𝐸𝑑𝑎 (

𝑛

𝑘
) + 𝐹𝐸𝑠𝑒𝑙𝑒𝑐𝑡

+ 𝐹𝜀𝑓𝑠 𝑑𝐵𝑆
2                

Energy in non-CH node [29]: 
 

𝐸𝑛−𝐶𝐻 = 𝐹 𝐸𝑠𝑒𝑙𝑒𝑐𝑡  + 𝐹 𝜀𝑓𝑠 𝑑𝐶𝐻
2  

 
Sensor vanish energy only in sending its sensed information 
to its CH. so, the total energy dissipated in the cluster during a 
round is [29,34]: 
 

𝐸𝑐𝑙𝑢𝑠𝑡𝑒𝑟 = 𝐸𝑐ℎ + (
𝑛

𝑘
) 𝐸𝑛−𝐶𝐻   

Total dissipated energy: 
𝐸𝑟𝑜𝑢𝑛𝑑 = 𝐹( 2𝑛𝐸𝑠𝑒𝑙𝑒𝑐𝑡 + 𝑛 𝐸𝑑𝑎  + 𝑘 𝜀 𝑚𝑝  𝑑𝐵𝑆

4 +  𝑛 𝜀𝑓𝑠 𝑑𝐶𝐻
2  

 
Considering the consistent spread of sensors in network, we 
get [30], [31],[29]: 
 

𝑑𝑡𝑜 𝐶𝐻  =
𝐷𝑀

√2𝜋𝑘
,   𝑑 𝑡𝑜 𝐵𝑆 = 0.765 ∗

𝐷𝑀

2
 

Now, the optimum count of CHs can be identified. After 
identifying the weight of node, it communicates data to rest 
of nodes in cluster. Then all nodes employ the accepted 
information to compute mean weight in its cluster radius as 

𝑤𝑐(𝑥) =  ∑ 𝑤s (y)
𝑦∈𝐼𝑥

 

CH election method by the weighted outcome based on 
residual power, distance and node dormancy as parameters 
for probability function collectively to choose energy 
efficient CH. The proposed approach is presented as: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Final CH selected, if more than one candidate for CH than prepare 
backup priority queue, in case primary CH drains out energy, 

backup CH from queue becomes new CH 

Process of CH selection 

Initialize all sensor nodes 

Identify the adjacent node D (n), 

Transmission radius (Rn), 

Degree difference, DD for every node 

 

Identify set of cluster members with approx. same weight 

Find optimal set of nodes that can become CH 

Apply node dormancy mechanism on the optimal set of nodes 
that now become candidate for CH and apply priority queue 

and scheduling if more than one node is selected for CH 

Calculate new T(n) with proposed method of CH selection 

Apply heuristic approach for first level of CH selection 

CH_E < 
Threshold_E 

Send data to 
BS 

Compute Residual Energy of Node 

Er𝑖= 𝐸 − ((𝑘, 𝑑) + 𝐸𝑅𝑥 elec (𝑘)) 

Calculate the combined weight  

Wv = w1Δv+w2Dv+w3Rv+w4NDv 
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2) Cluster will be formed on the basis of heuristic technique 
for selection of CHs to identify the optimal set of cluster 
members that can become CH and further node dormancy 
mechanism is applied to identify second optimal set of 
number of CHs to lessen the power utilization of WSN.  
The node dormancy mechanism works in two divisions (a) 
selecting certain area of nodes to be dormant located at 
different locations on random basis (b) selecting nodes in 
different areas to be dormant on the basis of their distance to 
CHs. Based on the weighted score of residual energy, 
distance, degree difference and radius an optimal set of nodes 
are identified, then  node dormancy technique suggested on 
this set of nodes leads the cluster member with lower energy 
and longer radius to become dormant which finally elect CH 
for cluster, that minimizes the energy utilization on CH and 
thus enhancing the network throughput. 
Set up dormancy parameters Sdor for all of cluster members 
as [32]: 
 

𝑆𝑑𝑜𝑟  (𝑠(𝑥) ∗ 𝐸 𝑑 𝐵𝑆
𝑥 = ( 𝑠(𝑥).

𝐸

𝑑 𝐵𝑆
𝑥 ) 

 
The Sdor and mortality rate of the node i are indirectly 
proportional and the more will be dormancy probability. So, 
node dormancy ratio P [32] is: 

𝑝 =
𝑐(𝑦) ∗ 𝑛 −

𝑛
𝑘

𝑐(𝑦)
∗ 𝑛 

CH is selected. In case more than one member have same 
weight score, then priority scheduling is followed for final 
election of CH. Further threshold function of LEACH is 
modified with the weighted score and data is send to BS. 

3) Selected CH will transmit its status announcement having 
node-id, deployment statistics and distance statistics. 
4) A proposed priority function will provide better 
deployment of nodes and adequate residual energy and node 
dormancy mechanism for balancing the energy 
consumption.  

V. SIMULATION RESULTS 

Simulations are performed on set of 200 nodes in dimensions 
of 200X200 where WSN is deployed in random manner in 
network area on Matlab. Proposed algorithm is compared 
with the pre-existing LEACH protocols. The factors for 
simulations are given in Table II.  
 

Table II Simulation Parameters Table 
Parameter Value 

area 200 × 200 m2 
Number of round 4000 
Number of nodes 200 

probability of becoming CH , p 0.5 
Initial energy of node 1 J 

BS location 50 × 175 
Eelec 50 nJ/bit 
Efs 10 pJ/bit/m4 

Emp 0.013 pJ/bit/m4 
Data packet size 500 bytes 

Round time 10 * initial energy [26] 
Control packet size 25 bytes 

 
The results are analyzed for various characteristics given 
below in comparison table III. Our proposed protocol shows 
increase in network lifetime. 

 

Table III. Comparison of few protocols 

Protocol Energy Efficiency 
Cluster 
Stability 

Routing Load Balancing Reliability Scalability 

LEACH Very Low Average 
hierarchical 

 
Average low low 

MOD-LEACH low Good 
hierarchical 

 
Good Medium low 

DEEC good high 
Flat/ hierarchical 

 
good good high 

TEEN Very High high 
Flat/ hierarchical 

 
good low good 

LEACH-GA high high 
hierarchical 

 
good medium high 

HEED average high 
Flat/ hierarchical 

 
average good medium 

LEACH-VF average high 
hierarchical 

 
good good good 

PEGASIS Low low 
hierarchical 

 
average medium medium 

Proposed high Very good 
hierarchical 

 
Very good medium good 

VI. CONCLUSION 

Clustering has proved out to be most proficient method for 
saving energy in WSNs. However, WSN based on 
hierarchical clustering CH utilize more energy because of 
extra overhead for received data and aggregating the data to 
BS. Therefore, the appropriate election process of CHs is 
utmost important to conserve vitality of nodes for extend 
lifespan of WSNs. We proposed a novel dispersed energy 
proficient CH election method by the weighted outcome 
based on leftover power, distance and node dormancy as 
parameters for probability function collectively to choose 
energy efficient CH.  
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