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ABSTRACT  
Energy constraint is a major concern in the deployment 
and accessing of wireless sensor network. Due to remote 
usage and constant power supply, operation of the node is 
highly dependent on the approach of energy conservation 
used. The advantage of wireless sensor network (WSN) in 
practical usage has brought out the need of utilizing this 
network in wide area usage. in a large distributed network, 
communication with energy conservation could be 
achieved with multi cluster communication. Cluster based 
communication in WSN is proved to be a efficient 
approach of energy conservation, where the 
communication are developed using cluster Head and 
cluster member nodes. The effort on optimal head 
selection, and deployment in a energy conservation for 
multi cluster approach were developed in recent works. 
Wherein effort is made in optimal selection of head, 
cluster members are registered based on the range 
constraint. The random addition of cluster member has a 
limitation over energy utilization and interference model. 
In this paper, an approach towards optimal registration of 
cluster members to the head is proposed in constraint to 
energy gain of a cluster. The suggested approach gives a 
benefit of energy conservation with cluster member 
selection. 
 
Key words: Multi cluster, Head selection, energy gain, 
wireless sensor network. 
 
1. INTRODUCTION 

Wireless sensor network are the upcoming approach to 
present need communication of physical metric in a broad 
area usage. Due to minimal infrastructure dependency and 
quicker information transmission, this network has gained 
and developed new reputation in engineering practice in a 
very short period. However, these networks are yet to be 
optimized to deliver the highest degree of offered service 
with resource conservation in WSN applications. Owing to 
the inconsistency in this network, resources are limited. 
Every node in the network has a restricted resource of 
bandwidth and energy supply. Due to the constraint 
resources the nodes are bound for minimal power 
dissipation to increase node lifetime which intern effects 
the total network lifetime of the network. Due to a 
dynamic deployment and routing, conservation of energy 
with offered service is a bottleneck task in WSN 
communication. Development in the area of energy 
conservation for WSN has outcome with several 
approaches for node level, topology level, or 
communication level energy conservation. In [1] simulated 

annealing approach is proposed towards energy 
conservation, where the approach of node deployment for 
energy conservation is proposed to optimize power 
consumption at node level. Approach such as dynamic 
clustering [2], operational scheduling [3,4], and 
interference based monitoring [5] were proposed as a 
suggestive approach in energy conservation in the 
network. A cluster alignment in energy saving based on 
the power distribution in the network is presented in [5]. 
This approach perform node placement based on energy 
constraint in nodes to realign the node placement in the 
network. In [6] scheduling approach of different phases of 
operation namely, sleep, wake, communicate and ideal 
phases were proposed in conservation energy dissipation 
at node level. In [7] an energy conservation approach 
based on the interference model of communication is 
proposed. This approach develops energy conservation 
protocol based on the interference governed at the links 
during communication. The energy conservation in 
wireless sensor network is developed as a suggestive 
solution for improvement of lifetime of a network. In [8] 
an on demand medium access control protocol (MAC) was 
suggested in conservation of energy in the network. The 
network nodes participating in communication are 
scheduled to operate in minimal energy dissipation and a 
concept of energy harvesting was presented in [9, 10]. 
Harvesting approach is developed as a solution to acquire 
energy to a node being placed within the network. The 
complexity of computation in harvesting is however a 
developing solution. An access control approach termed 
RF-MAC protocol presented in [11] focusing on 
developing the approach of energy conservation with 
monitoring of access control in the network. The proposed 
approach uses a radio channel in improving energy level at 
each node level. However, the interference at channel 
level is unaddressed. The approach of node scheduling 
with distribution is outlined in [12, 13]. The scheduling 
scheme conserve the energy dissipation however the 
exchanging of communication phases has considerable 
aggregated energy dissipation. At routing, mechanism in 
energy conservation based on power dissipation and data 
rate controlling is outline in [14]. This approach develops 
a cross layer monitoring of data exchange in energy 
conservation. In recent solutions, a cross layer sensing 
cluster routing method (ECCM) is presented in [15], 
where a cross layer monitoring is proposed for developing 
a virtual sensing layer using fog nods and optimizes the 
head allocation based on particle swarm optimization 
(PSO) for efficient energy conservation at multi cluster 
interface. The approach however limited to head 
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placement and the participating nodes in communication 
and cluster formation are not observed. The node 
engagement in data exchange, individual energy level has 
a greater impact on the overall cluster energy level and 
intern effect the lifetime of the network. To develop an 
energy conservation approach in a multi cluster 
communication, an optimal clustering approach based on 
cluster energy gain is outlined in this paper. To present the 
stated approach, this paper is presented in 6 sections. The 
approach of existing EECM is outlined in section 2. 
Section 3 outlines the proposed approach of energy 
conservation. Observed simulation results for the 
developed methods are outlined in section 4. Section 5 
presents the conclusion for the proposed approach.  

2. ENERGY-EFFICIENT CROSS-LAYER-
SENSING CLUSTERING METHOD (ECCM) 
[15] 

Wireless sensor network (WSN) are used as a mean of 
sensing and communicating different sensed data over a 
wireless network. The network has a great demand in 
practical application where the manual monitoring is 
difficult. This network has emerged as a promising 
solution in communication in different natural calamities, 
remote monitoring, testing, industrial and agricultural 
usage. The network is however a constraint of resources 
has such as the bandwidth and power source which limits 
its application in many fields. Research in energy 
conservation has outcome with various solutions, where 
node scheduling, route optimization, communication 
protocols, and topology based network modeling are few 
optimal developments. In recent past, an energy efficient 
cross layer sensing cluster routing method (ECCM) for 
energy conservation in WSN is presented in [15]. The 
approach focused on the development of a energy saving 
mechanism by an optimal selection of cluster head (CH) 
based on neighbor cluster head, member nodes and the 
distance of nodes with cluster head, d൫n୧, CH(୮,୩)൯.  
 
The EECM approach employs a Fog based network 
projection approach which interpolates the physical 
network into a fog layer of multiple cluster layers. Each of 
the cluster layers is developed with a cluster head and an 
optimization for selection of cluster head is developed 
using particle swarm optimization (PSO). For a 
transmission of data at k/bits data rate the overall 
transmission energy is given by, 

E୘୶ = kEୣ୪ୣୡ + kε୤ୱdଶ	, for	d < d଴  (1) 

Where, 

Eୣ୪ୣୡ is energy consumption for transmission or reception 
per unit of data  

ε୤ୱ is the energy consumption of transmission or reception 
for per unit data of unit distance in free space 

d is distance of transmission 

d଴is the range limits  

The reception energy (Eୖ୶) is given by, 

Eୖ୶ = kEୣ୪ୣୡ             (2) 

In the establishment of cluster PSO is employed, where 
the fog approach compute average energy of each node 

and elect possible candidate nodes. For a N node network, 
with K possible cluster and M candidate nodes, there exist 
multiple possibilities in the cluster formation. To optimize 
the selection, a target function is defined given as, 

Qୡ୭ୱ୲ = 	βfଵ + (1 − β)fଶ     (3) 

fଵ = ቊ
∑ ୢ൫୬౟,େୌ(౦,ౡ)൯∀౤౟∈ి(౦,ౡ)

หେ(౦,ౡ)ห
ቋ

୩ୀଵ,ଶ,ଷ….୏

୫ୟ୶

    (4) 

fଶ = 	 ∑ ୉(୬౟)ొ
౟సభ

∑ ୉(େୌ(౦,ౡ))ే
ౡసభ

   (5) 

Where, 

fଵ is compactness evaluation factor, given as a ratio of 
aggregated distance of all nodes to cluster head over 
number of nodes in the network.  

d൫n୧ , CH(୮,୩)൯ is the distance of node i to the cluster head 
CH 

|C(୮,୩)| is the number of nodes in the cluster 

fଶ is energy evaluation factor defined as the ratio of cluster 
head energy over sum of all nodes energy  

β is weight metric  

In the formation of cluster, each candidate s୧ 
(i=1,2,3,….K) broadcast a control message, containing ID, 
remaining energy, number of members and the distance to 
map fog node (MFN). Here, MFN is a virtual node 
developed by fog approach to communicate among cluster 
heads. The candidate node then computes PSO to derive 
optimal relaying node, derived by the convergence of a 
cost function, 

Cost	(i, j) =

	αଵ
୉౤౛(ୱ౟)
୉ౙ౫(ୱ౟)

+	 αଶ
୒ిౄ(ୱౠ)

୒ిౄ(ୱ౟)
+ αଷ

ୢమ|౩౟ష౩ౠ	|ାୢ
మ

|౩ౠష౩ూొ	|

ୢమ|౩౟ష౩౉ూొ	|
	i ≠ j 

 (6) 

Cost	(i, j) = 	 αଵ
୉౤౛(ୱ౟)
୉ౙ౫(ୱ౟)

+ 	αଶ
୒ిౄ(ୱౠ)

୒ిౄ(ୱ౟)
+ αଷ , i = j 

 (7) 

Where, 

αଵ ,αଶ ,αଷ  are the weight coefficient which is define by 
,αଵ + αଶ + αଷ = 1 

E୬ୣ(s୧) is the remaining energy for neighbor heads of s୧ 

Eୡ୳(s୧) is the average energy remaining in a cluster head 
s୨ 

Nେୌ(s୧) is the number of member node with s୧ 

Nେୌ(s୨) is the number of member node with s୨ 

d(s୧, s୨) is the distance of cluster head s୧ to s୨ 

d(s୨, s୊୒) is the distance of cluster head to fog node 

d(s୨, s୑୊୒) is the distance of cluster head to map fog node 

The optimization of the cost function is the minimal of the 
Cost	(i, j). 

The optimal selection of cluster head is made based on the 
selection of probable candidates and computing the cost 
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function. The convergence is made for a cluster head on 
satisfying minimal criteria. This optimization gives an 
optimal selection of cluster head and intern formation of 
multiple clusters which improves the communication 
range with energy conservation. The proposed approach 
has outlined the solution of cluster head selection and 
cluster formation. The cluster members are registered to 
the cluster based on the distance threshold. However, the 
members to a cluster head NCH impact the cluster 
performance in cluster formation and energy consumption. 
A derived cluster with high density of member node could 
dissipate energy rapidly resulting in shorter life time. 
Hence, a optimal cluster member registration is also 
needed to further improving of energy conservation. The 
proposed approach of member registration to a cluster 
head is presented in following section.  

3. ENERGY GAIN DYNAMIC CLUSTERING 
(EGDC) 

Selection of optimal cluster head has a significant impact 
on the energy saving performance in a wireless sensor 
network communicating in a clustered network. The 
presented work by EECM proposed the optimal cluster 
head selection in a multiple cluster approach by the cost 
optimization function presented in eqn. (6) and (7). The 
convergence achieves on the minimization of the cost 
function by a proper selection of head function. The 
cluster is formed by a cluster head and registered cluster 
member in the network. the cost function derived is a 
function of remaining energy (E) , number of nodes in the 
cluster (N), and the distance value (d) given as, 
 

cost(i, j) = f(E, N, d)       (8) 

Wherein remaining energy and distance are factor of 
topology layout and energy saving scheme applied, 
number of nodes (N) are the registered nodes in a cluster 
to the head selected based on distance metric. The nodes 
falling in the communication range limit (d0) are registered 
to any of the neighboring cluster. Wherein the cost 
function is variant with number of nodes in the network, 
the registered number nodes to a head is hence has a 
important role in the convergence property. An optimal 
selection of head leads to longer lifetime, however the 
member density to a cluster has a direct impact on the 
node remaining energy (E) which is based on the 
communication engagement in the cluster. Hence, an 
optimal number of member nodes (N) will lead to a higher 
energy conservation leading to longer network lifetime 
and faster convergence. In the optimal selection of nodes 
in a cluster, an energy gain based cluster formation is 
proposed termed as ‘Energy gain dynamic clustering’ 
(EGDC).  The node selection scenario for a multi cluster 
network is illustrated in figure 1 below. 

 

Figure 1: Member registration probability to head nodes 

The transition of the member node CMiis observed to have 
two transitions probability (t1, t2).  The aggregated energy 
for the cluster member taking transition t1 and t2 is given 
by, 

Eୟ = (∑ E(CM୧))୬
୧ୀଵ + E൫CH୮,୩൯ (9) 

The optimization cost function is defined by the energy 
ratio of remaining energy over the aggregated energy of 
selected head and the number of node ratio, given by, 

E୰ = 	 ୉౤౛(ୱ౟)	ି	୉౗
୉ౙ౫(ୱ౟)ା	୉౗

     (10) 

Nୟ =
୒ిౄ൫ୱౠ൯ା୬

୒ిౄ(ୱ౟)ି୬
   (11) 

The cost function of energy conservation maximization is 
then observed as a problem of equilibrium of number of 
nodes and energy ratio to minimize the cost function for 
convergence. The optimization to the problem addressed is 
governed by the energy gain factor (EGF) which is defined 
as a function of probability of node redundancy in 
engagement of communication with the energy dissipation 
in the network. The member nodes are selected for a 
cluster offering maximization of the energy gain factor. 
The energy gain factor is defined by,  

EGF = 	En(n୧)(Ea − 	E(I|n୧))Nୟ  (12) 

Where En(I) defines the probability of node engagement 
in data exchange and  (Ea − 	E(I|n୧)) is the dissipation of 
energy for transmission and reception of information I 
from node ni. The redundant probability of node 
engagement in information exchange is given by, 
 

En(n୧) = 	−∑ P(CH୧)logଶ൫P(CH୧)൯୬
୧ୀଵ    (11) 

Where P(.) is the probability operator of data getting 
exchanged from cluster head CHi. The inclusion of a 
member node in a cluster increases the cluster aggregate 
energy, however the node increase also has a impact on 
the communication overhead in the network. A node 
getting added into a cluster increases the probability of 
data exchange by En and hence has an overall impact on 
energy of (Ea-E). The proposed approach defines the 
inclusion of cluster member for a maximum level of EGF. 
If the overall probability of network increase by P(.) 
factor, the EGF decreases, hence a maximal point of 
cluster members (Nm) is selected, where the EGF factor 
has a valley fall. This limit is set as a monitoring value of 
cluster member for each cluster, obtaining equilibrium of 
energy ratio and node ratio to converge the head selection 
faster. The optimal member nodes have an optimal loading 
probability and hence minimize the energy dissipation. 
This leads to longer life time in the network.  
 
4. SIMULATION RESULT 

The simulation evaluation of the proposed approach is 
analyzed with the existing approach of ECCM and 
conventional routing approach of Trust based secure 
routing (TBSR) [16]. The simulation model is defined 
with a randomly scatter nodes with different energy level 
and offered bandwidth simulated over Matlab tool. Each 
node is given a distinct identification (ID). The parameter 
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used in the definition of the network is utilized in table 1 
below.   

Table 1: Simulation network parameters 

  

The network parameter is given as input to the simulation 
model. The network for simulation is defined with a 
randomly scattered nodes in a 300x300m2 network area 
with 30 nodes. The node communication range is set to 
80m range. The network is defined for multiple clusters 
with optimal head selection and cluster member 
registration. Figure 2 shows the simulated network with 
nodes scattered randomly, and top three selected 
maximum energy nodes as candidate nodes for head 
selection.  

 
Figure 2: Simulated network with nodes and head selected 

The nodes in the vicinity of the selected heads are 
registered to the head nodes in the range limit. However, 
the member nodes are added to a head based on the energy 
gain factor defined by the probability of data exchange in 
the network. Each of the cluster head is registered with 
nodes binding to the maximization of EGF. The 
communication process is developed with an extended 
scheduling and the routes are selected based on the 
residual energy model. The data packets are generated 
with 50 bits of information per iteration, exchanged over 
the simulated network. The network performance is 
validated with the monitoring metric of delay, network 
lifetime, residual energy, active number of nodes in the 
network, and network overhead. The observations for the 
simulated network with comparisons of the observing 
metrics are presented below.  

 
 

Figure 3: Delay plot for the simulated network 
 
 Delay plot for the simulation network is illustrated in 
figure 3. Delay is measured as the time taken for the 
exchange of complete data packet over the network. The 
proposed approach is compared with the existing 
approaches of ECCM and TBSR. The observation of delay 
plot illustrates a minimization of delay for the proposed 
approach compared to existing approaches. The observed 
delay gradually increases with increases in communication 
time period due to increase in the data exchange over the 
network and offered bandwidth. A delay in the exchange 
of packet is observed due to blockage built at the exchange 
nodes. The delay for the proposed approach is however 
lower due to optimal node registration leading to uniform 
distribution of load among different clusters.  

 
Figure 4: Network lifetime plot 

 

The network lifetime for the network is shown in figure 4. 
Network lifetime is measured as the parameter of residual 
energy in the network over the number of packets in 
exchange. The network lifetime defines the sustaining of 
network nodes available for data exchange. The 
observation illustrates an increase in network lifetime due 
to optimal network overhead and lower communication 
delay for the proposed approach, wherein the existing 
approaches has a random registration to cluster head 
leading to random load distribution which has a random 
energy dissipation, minimizing network life time of the 
network.   
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Figure 6: Comparison of Active number of nodes in the 

network 
The number of active nodes in a network is defined as the 
total number of available nodes in the network with 
residual energy capable of communication. The active 
node is the count of individual nodes with available energy 
in the network. With process of communication, the node 
dissipates the transmission and reception energy and 
drains to minimal level. Nodes with minimal energy get 
eliminated resulting in   active node counts lower. 
However, the optimal load to clusters retains the energy 
for a longer time in the proposed approach resulting in 
higher active node counts.   

 
Figure 5: Residual Energy plot over communication period 

 

The residual energy in the network is defined as the 
aggregated energy of all active nodes in the network. With 
increase in communication time period, the energy 
dissipates with each forwarding and reception of packet. 
An optimal head selection and monitored cluster member 
registration leads to higher energy conservation in the 
network resulting in higher residual energy.   

 
Figure 7: Overhead plot for the test network 

 
Network overhead is the volume of data present over all 
nodes in the network to exchange. With more nodes 
retaining for a longer time the data exchange will be more, 
resulting in lower overhead. The lower overhead results in 
higher data exchange improving the data exchange 
probability in the network with lower energy consumption.  

 

5. CONCLUSION 
The constraint of extended range and energy conservation 
is addressed. The selection cluster members in addition to 
cluster head have shown a significant performance in 
WSN application. Major of the developed approach has a 
significant usage of energy conservation in terms of head 
selection, however in this paper a novel approach to 
member registration to the cluster head is proposed. The 
members having probability of moving multiple clusters 
are optimally selected based on energy gain factor.  the 
optimal selection of cluster member leads to uniform load 
distribution in the network which improves the network 
performance. This approach illustrated a lower delay 
performance, higher network life time and longer node 
availability in the network. The average delivery is 
observed to be improved with the proposed energy 
conservation approach.   
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