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Abstract - One of the prime limitations of Wireless Multimedia Sensor Network (WMSN) is high energy consumption. The sensor 

nodes are powered by battery of finite energy which rapidly gets depleted during transmission of big size multimedia data like video, 

image and audio in the network. This process increases the rate of energy dissipation in the network and indirectly shortens the life span 

of the whole network. Since recharging of the battery of sensor nodes is not feasible, preserving the already available energy of the 

network is vital consideration in the design of various protocols. In this study, hybrid energy efficient FCM and cuckoo optimization 

based clustering algorithm is proposed. The fuzzy c-mean method is used in the cluster formation while cuckoo search algorithm is 

employed for CH election. The experimental results of MATLAB simulation of the proposed technique show that the technique is 

suitable for maintaining the energy of the network for longer time and it also outperforms the already existing algorithms in terms of 

network life time and minimum energy consumption. 
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1. Introduction 

ireless Multimedia sensor network contains 

spatially distributed battery powered nodes 

which with capability of retrieving information 

from their surroundings. This network is used mainly for 

tracking and monitoring environmental and physical 

conditions in the form of image, video or audio [1]. These 

sensor nodes are wirelessly connected and send their data 

to the central station. Environmental monitoring, remote 

health care, and infrastructure health monitoring are some 

of the potential application areas of the network [2]. The 

advancement in Micro Electro Mechanical System has 

promoted the invention of very small powerful sensors 

which are capable of high computation. However, due to 

limited battery power, the nodes are not performing for 

longer period and up to the application requirement too. 

This is why energy consumption becomes a crucial issue in 

the design of WSN. To improve the network life time and 

QoS, energy aware techniques should be considered during 

the design of WSN. One of the best solutions is to arrange 

the sensor nodes in cluster form and make the data 

transmission less energy consuming. In clustering 

technique, each node has its own separate cluster or group.  

 

 

The cluster member nodes forward collected data to their 

cluster head (CH). Besides, the cluster head aggregates all 

received data in to one single packet and send it to the sink 

node. Nevertheless, allocating nodes to their appropriate 

cluster where their energy consumption can be minimized 

and determining the optimal number of cluster for the 

network is still a hot research topic. One of the energy 

aware clustering methods is Low Energy Adaptive 

Clustering Hierarchy (LEACH) [3]. 

 

LEACH encompasses two stages- setup and steady state 

stage. All nodes generate a random number  i.e. 

( ) during the setup phase. This randomly 

generated number decides whether nodes can be cluster 

head or not in each round. The elected cluster head sends 

advertisement message to nodes within its radio range. 

RSSI is used to determine the nearest nodes to the cluster 

head. Once the cluster members are known, the CH assigns 

time division multiple accesses (TDMA) slot for all 

members in the cluster. Within the given slot period, the 

cluster members send their data during steady state to the 

cluster head. Since LEACH is fully dependent on 

probability for determination of CH, it suffers from the 

following drawbacks. The first problem is that LEACH 

W 
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doesn’t consider node’s residual energy in cluster head 

election process. This leads to finding inappropriate CH 

which directly affects the life time of the network. 

Secondly, LEACH is not a scalable protocol as the CH 

sends aggregated data to the sink node. 

 

LEACH-EP (LEACH with Election Probability) [4] is 

extension of the conventional LEACH protocol in which it 

improves the CH-electing threshold. The energy factor 

introduced in the CH election threshold improves the 

election probability as compared to the classical LEACH. 

It has adopted some mechanisms such as spontaneous 

cluster formation, rounds, and others from LEACH. 

However, it follows different implementation approach 

than the LEACH since the cluster heads’ mean residual 

energy and the number of alive nodes of the last iteration is 

more. 

 

The authors in [5] proposed LEACH –DT (LEACH with 

Distance based Threshold) as an improved version of 

classical LEACH. The probability of CH selection depends 

on the distance of non-CH nodes from the sink node. 

LEACH-DT algorithm was designed to preserve the 

energy dissipation of the sensor network. Steiner tree is 

applied for the clustering technique as a basis in this 

algorithm. Sensor nodes select themselves as CH with 

different probability since they have different distance 

from the sink node. Three parameters namely, node to 

cluster centre distance, average distance between cluster 

centre and member nodes, and average cluster energy were 

considered in the CH election process. 

 

In order to maximize the network life of WSN, Energy 

Aware Fuzzy Clustering Algorithm (EAFCA) is presented 

in [6]. The authors have used fuzzy logic as optimization 

technique and considered residual energy; average distance 

to one and two hop neighbours of the contesting node. This 

has improved the energy consumption in the process of CH 

election and data aggregation.  

 

In [7] an improved version of LEACH is introduced. 

Application Specific Low Power Routing protocol 

(ASLPR) employed two optimization techniques, i.e. 

genetic algorithm and simulated annealing for better 

performance. It considers residual energy, inter CHs 

distance, and distance to BS to find the best CH. ASLPR 

outperforms LEACH by enhancing the stability region by 

60% (before FND).The protocol operation has two stages 

in every iteration,  i.e. setup and the steady phase. As in 

LEACH, sensor node in ASLPR also generates random 

number , i.e. . If exceeds the adaptive 

threshold value, the sensor node will become cluster head. 

Then CH broadcasts an advertisement message to tell other 

members of the cluster as it becomes CH in the current 

iteration. Based on minimum distance between CH and 

non-CH, the non-CH nodes identify their cluster in which 

they are associated with. Then, each node will in turn 

notify to its cluster head that it belongs to the cluster. 

The rest of the paper is organized as follows. The system 

model of proposed method is described in section 2. The 

proposed algorithm is detail described in Section 3. The 

experimental simulation results and discussion is explained 

in section 4. Our findings are summarized in section 5. 

 

2. System Model 

This section mainly focuses in explaining the system model 

of the proposed technique.  

 

2.1 Radio Energy Model 
 

Radio Energy model [8] is used to simulate the network’s 

energy consumption. Transmission energy according to 

this model means the energy consumed while the 

transmitter runs the power amplifier and the radio 

electronics. Similarly, the receiving energy is an energy 

dissipated when receiver run the radio electronics for 

obtaining data from other nodes. The energy dissipated for 

transferring a 𝑏-bit message over a distance 𝑑 is calculated 

using the following formula. 

  

 
 (1) 

 
 (2) 

 
 

(3) 

And while receiving bit message, the energy 

consumption will be determined as follows. 

 

 
  (4) 

where 𝐸elec is the energy dissipated to run the 

transmitter and receiver circuit,  is data 

aggregation factor, and are energy 

overheads for transferring one bit message in the 

case of multipath fading model and free space 

model 

When the threshold 𝑑0 is greater than transmission 

distance, the multipath model is used as in (2) and free 

space model otherwise as in (1). The value of 𝑑0 can be 

determined as follows. 

 

 

(5) 
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The energy consumed by cluster heads for aggregating - 

bit data from cluster members in addition to 

transmission energy is calculated as in (3). 

 

2.2. Network Model 

In this study, we have considered a network of  nodes 

and one BS placed in various positions according to the 

scenario of the experiments. The network is also 

subdivided in to  clusters of nodes in which one is 

chosen as CH. Nodes are deployed randomly in the field as 

shown in Fig 1. Basically, all nodes regularly gather 

information from their surrounding and send to the BS via 

their CH.  

The features of the network model are stated below. 

 All nodes have same initial energy and energy 

constraint (homogeneous) 

 All nodes have the similar technical specifications 

and capacity of sensing, processing and 

communicating. 

 All sensors recognize the position of BS 

 The base station is static as well as it doesn’t suffer 

from energy problem 

 All nodes in the field including BS can directly 

communicate each other. 

 Unique ID is assigned to all nodes in the network 

 
 

Fig. 1 Proposed algorithm’s Network model 

3. Proposed Work 

This study proposes algorithm which is combination of, a 

combination of both Fuzzy C-Mean (FCM) and Cuckoo 

search optimization as an energy efficient clustering 

technique. In this initial construction step, FCM is 

employed to appropriately categorize sensor nodes to their 

suitable clusters considering their geographical position. It 

also helps to ensure load balancing in the network by 

overcoming the problem of uneven distribution of nodes 

within clusters [9].In FCM, a sensor node located close to 

cluster centre among the cluster members is assumed to be 

cluster head. This has its own demerits. To mention some, 

FCM doesn’t consider various parameters like node’s 

residual energy which are more pertinent for CH selection. 

However, in this algorithm, to overcome the drawbacks of 

FCM, we proposed cuckoo search algorithm as a suitable 

method for cluster head selection. This method considers 

various parameters like node energy, distance to sink node, 

distance to FCM centers, inter-cluster distance and 

neighbors of each sensor node.  

 

In this method, clustering is not permanent which means 

cluster formation and CH selections are rotational in every 

subsequent rounds. Cluster formation and CH selection are 

carried out on the alive nodes from the previous round. 

The detail implementation of the three phases of the 

proposed algorithm is briefly described in the subsequent 

sections. 

 

3.1. Cluster formation using Fuzzy C-Mean 

In the proposed technique, FCM algorithm is employed for 

cluster formation. Unlike other clustering techniques, FCM 

assign membership to all cluster centers and consequently 

sensor nodes may belong to more than one cluster centre. 

All nodes have certain degree of membership to all clusters 

[10]. FCM algorithm minimizes objective function in 

each iteration. Cluster centroid and the degree of 

belongingness of sensor nodes to a particular cluster are 

main factors of the function.  

The objective function is defined as follows. 

 

 

(6) 

where C and N are the number of clusters and nodes in 

a cluster respectively,  denotes the center 

coordinates of cluster  ,  denotes the coordinates of 

node ,  is degree of fuzzier (constant),  

is the distance between  and , and  is the 

belongingness of node to cluster with satisfying the 

conditions of Eq. (8). The values of fuzzy 

belongingness are found from Eq. (9): 

Cluster Head 

Sink Node 

Sensor node 
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(7) 

 

 
 

  (9) 

 

(8) 

 

 

(10) 

Cluster centers are updated by Eq. (10) in each round and 

certain number of round is set as stopping criteria for the 

algorithm. 

For a network of  nodes, the optimal number of clusters 

in the network is determined by using Eq. (11). 

 

FCM Algorithm steps [11] 

(1) Choose the number of fuzzy clusters . 

(2) Choose the initial centroid of the clusters 

 

(3) Determine fuzzy partition matrix the elements by 

applying Eq (8) 

(4) Compute the cluster centers using Eq (9) 

(5) Till the termination condition is fulfilled or maximum 

round is reached, repeat steps 3 and 4 

 

3.2. Cluster head selection using cuckoo optimization 
 

The proposed algorithm uses cuckoo search technique to 

choose cluster heads in each cluster. This technique is a 

kind of evolutionary optimization algorithm inspired by 

bird species called cuckoo [12]. Cuckoos are captivating 

birds and have beautiful sounds. They lay and keep their 

eggs in to other bird species nest. As a result, the intruding 

cuckoos often clash with the host birds. If a host birds 

discover that the eggs inside their nest don’t belongs to 

them, either they throw it out or discard the nest and 

construct a new nest other place. 

Basically cuckoo optimization is known as iteration and 

population based algorithm. In this study, we are applying 

cuckoo optimization to find cluster head among the cluster 

member nodes as cluster is already formed by using FCM 

technique. In this algorithm, the number of cuckoo 

population is initialized by the number of sensor nodes in a 

cluster. Then, until the iteration terminating condition is 

met, evaluating of the fitness value and updating of the 

current population is carried out. 

 

3.2.1. Initializing the cuckoo algorithm 
 

In this algorithm we initialize population size with cluster 

size. This method works using the following steps. We 

assume that this population owns some eggs. First they put 

these eggs in other kind of birds’ nests then wait until the 

host bird maintain these eggs beside her eggs. In fact, this 

lazy bird perfectly makes other birds to play an involuntary 

role in her generation survival. Here, some eggs will be 

discarded if they are found less similar with that of host 

bird’s egg. In fact, the cuckoos improve and learn how to 

lay eggs, more like the target host bird’s eggs continuously 

and the host birds learn how to recognize the fake eggs. If 

more number of cuckoo eggs survives in the host’s nest, it 

shows the appropriateness’ of the habitat for its 

reproduction. Further, more number of survived eggs, pay 

more attention to that zone, and in fact this is the parameter 

that Cuckoo optimization algorithm wants to optimize. 

 

3.2.2. Egg Laying Radius (ELR) 

Egg Laying Radius (ELR) is the maximum distance in 

which a real cuckoo lays egg from its nest as depicted in 

fig 3. The factors which determine the value of egg laying 

radius are number of each cuckoo egg, number of total 

eggs and limits of  and  [13]. The formula 

used to determine ELR is presented in Eq (12). 

 

 
Fig. 2: ELR, blue circles denote egg’s new habitat whereas pink circle is 

the primary habitat 

 

 (12) 

 

where Ncc – number of current cuckoo eggs, Etot – is total 

number of eggs 

 

3.2.3. Evaluating the fitness function 

 

 

(11) 

ELR 
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Based on our proposed technique, sensor nodes with more 

energy, more numbers of neighbors, less distance from 

base station and centre of cluster have high probability of 

being CH. The CH distribution in the network is fairly 

maintained due to consideration of distance within cluster 

members and between clusters in the cost function. In the 

proposed technique, we minimized the mean distance 

among cluster members and between clusters while 

maximizing the distance among CHs. The cost function is 

given in the equation below. 

 

 

(13) 

 

where  is residual energy of nodes per round, 

 and are distance of  to 

the cluster centre and base station respectively,  is the 

total number of neighboring nodes to  and  is 

cluster population. 

 

3.2.4. Updating cuckoo’s population 

The best solution will be chosen after evaluating the value 

of fitness function in each round. The global solution will 

be compared against this best solution so as to find the 

solution of the algorithm. By global solution, we mean the 

best solution among all rounds in the algorithm process. 

The global solution in our algorithm is updated if the error 

of the global best solution is greater than the current round 

solution. Similarly, based on the formula in the cuckoo 

search algorithm, the number of cuckoo population is 

updated. These updating best solution and cuckoo 

population process will continue until the maximum 

number of round is reached or all nodes in the network die. 

 

Algorithm for Cuckoo Optimization [14] 

Begin 

Objective function  

Generate initial population of host nests with size 

n,  

 

While (t < Max Generation) or (stop criterion) 

Get a cuckoo randomly by Levy flights 

Evaluate its quality/fitness Fi 

Choose a nest among n (say, j) randomly 

if(Fi <Fj), 

Replace j by the new solution; 

end  

A fraction probability (pa) of worse nests is 

abandoned and new nest (solution) is built;  

Keep the best solutions (or nests with quality 

solutions);  

Rank the solutions and find the current best nest; 

end 

Post process the results and visualization 

end 

 

3.3. Data transmission phase  
 

After cluster formation and cluster head election in the 

each cluster; the CH assigns TDMA schedule to each 

cluster member. Within their allotted TDMA slot, each 

member nodes forward data to their corresponding cluster 

heads turn by turn.  

 

4. Performance Evaluation 

The simulation of the proposed method was carried out 

using MATLAB software. LEACH [3], LEACH-TD [5], 

LEACH-EP [4], ASLRP [5], and COARP [16] were 

investigated to compare their efficiency with the proposed 

algorithm using three parameters, namely data packet 

received at the BS, energy consumption and network life 

time. Sensor nodes are homogeneous, static and randomly 

deployed. The parameters for cuckoo search optimization 

are presented in table 2. Different scenarios were created 

to find out the performance of the algorithms by changing 

the number of nodes network area (size), and sink node 

position. Table 1 depicts the scenarios used in the 

experiment. The parameters used in network simulation are 

specified in table 3. 

 

Table 1: Scenarios used in the simulation 

Scenarios Network Size 

(m
2
) 

Number of 

Sensors 

Sink 

Location 

1 100x100  50 (50, 0) 

2 100x100 50 (100, 00) 

3 100x100  50 (125, 0) 

4 150x150  100 (75, 5) 

5 200x200 150 (100, 00) 

6 200x200 300 (100,100) 

 
Table 2: Cuckoo optimization parameters 

Parameter Value 

Population size 5 
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Maximum number of iteration 20 

number of eggs(minimum) of each cuckoo 2 

number of eggs(maximum) of each cuckoo 4 

 

 
Table 3: Network parameters 

 

Parameter Value 

Initial energy 1J 

 
10PJ/bit/m

2
 

 
0.0013PJ/bit/m

2
 

 
50nJ/bit 

Data Packet size 5000 bits 

Threshold 0.95 

 

4.1. Experimental Results 

In this study, we have performed the experiments with 

three main scenarios, by varying the sink node position, 

network dimension and number of nodes in the network, 

and. Within these scenarios, we have tried to investigate 

different instances to determine the performance of our 

proposed technique. In the following sections, the results 

are illustrated with graphs and description. 

 

4.1.1. Scenario One 

In this scenario 50 nodes and network dimension of 100m 

by 100m with sink position at (50, 50) is considered. In the 

case of the proposed algorithm, the number of nodes dying 

decreased a lot as compared to the existing algorithm as 

shown in Figure 4. The proposed algorithm has improved 

the stability region (FND) by 44.75% and LND by 10.3% 

in comparison to COARP [16]. This network exhibited 

robust enough behavior, so that node failure happened for 

longer number of rounds. 

 
Fig. 3alive nodes versus round (sink position at the centre-(50, 50)) 

 

This scenario is performed when the position of the sink is 

corner of network field. As depicted in figure5, the energy 

consumption of the network during the proposed algorithm 

improved than other similar techniques. Moreover, the 

network is able to preserve more energy and the total 

energy of the network reduces linearly. Furthermore, the 

network’s residual energy was increased by 33.3%.  

 
Fig. 4: Residual energy versus round (sink position at the centre-(50,50)) 

 

4.1.2. Scenario two 

In this scenario the sink location is shifted to the corner of 

the network field, i.e. (100,100) and other parameters 

remain unchanged and similar to scenario one. 

Accordingly, as depicted in figure 6 below, the proposed 

algorithm has enhanced FND by 19.33% against ASLPR 

which has the higher FND than other algorithms. In fact, 

our proposed technique as displayed in the graph shows 

steady decrease in the number of alive nodes after first 
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node is dead. However, our method has achieved better 

performance than other algorithms until 10% of the nodes 

remain alive in the network. 

 
Figure 5: alive nodes per round (sink node at (100,100)) 

 

As it is illustrated in figure 7, energy of the network for our 

proposed algorithm shows steady decrease in every round 

though its performance was far better than the previous 

algorithms. In this scenario, the location of the base station 

was placed at the corner of the field. As a result of this, the 

distance base station and sensor nodes increased as 

compared to the previous scenario. When we compare fig7 

and 10, both graphs similarly indicate that the minimum 

energy consumption of the network fall down with sharp 

slope. In fact, it is assumed that most of cluster heads 

placed far away from the sink position consume more 

energy. 

 

 
Fig. 6 Residual energy versus round (sink located at (100,100)) 

 

The amount of packet received at the base station can be 

affected by two factors. One could be the sink position 

which means if it located very distant from the nodes, 

especially CHs, the received packets at the sink node 

reduces due to the transmission reliability and radio range 

factors.  The other possible factor might be number of 

alive nodes in the network. When there are more alive 

nodes in the network for longer period, they forward 

packets to the central station. Consequently, the packets 

received at the sink node increases as a result of the two 

main factors explained above.  

 

In figure 8, our proposed algorithm has achieved higher 

number of packets at the sink node with the advancement 

of 34.3% when compared to other previous algorithms. As 

the graph indicates, (below 840 rounds), our proposed 

algorithm performed similarly as other techniques. 

However, a significant increase is observed above 840 

rounds till all nodes die. 

 

 
 

Fig. 7 Received packets at the Base station (sink located at (100,100)) 

 

4.1.3. Scenario three 

In this scenario, the parameters are kept as same as in both 

the previous scenarios except the sink node’s position. The 

sin node was placed at (125, 50) which is outside of the 

network field. In figure 9, the proposed algorithm showed 

an increment of 38.93% more alive nodes in terms of FND 

when compared with the other algorithms. This result is 

around 6% less than that of results of scenario one as given 

in figure 4. However, it is much better with by 19.6%when 

compared with the second scenario in figure 7.The mean 

distance between sensor nodes to the sink node in the three 

scenarios is most likely similar. As a result, in second 

scenario energy consumption is 27.29% less than the third 

scenario. Not only this, the life time of the network in third 

scenario is also lower than the second scenario with LND 

of 361 round differences. The reason why the energy 

consumption in the third scenario is higher is mainly due to 

the position of the base station which is out of the sensing 

field. 
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Fig. 8: Alive nodes versus round (sink positioned at (125,50)) 

 

As is shown in figure 10 below, the network energy 

consumption for third scenario is higher than the previous 

two scenarios. The mean energy consumption of the nodes 

becomes zero even before 1000 round which shows the 

network has smaller life time. As it is mentioned in the 

description of figure 12, it is due to the position of the sink 

node which is placed out of the network area. The graph of 

minimum energy consumption also sharply drops after 

every round in all the techniques. 

 
Fig. 9: Energy consumption per round (sink positioned at (125,50)) 

 

4.1.4. Scenario Four 

In this scenario (scenario 4 in Table 1)all the parameters 

are kept same as in the first  scenario except the dimension 

of the scenario which is increased by 50% and the number 

of sensor nodes that are raised by 100%.  

 

Whenever the number of sensor nodes either increases or 

decreases, it has direct association with the number of 

packets received at the base station. In this scenario as the 

number of nodes increases, the packets received at the 

central station is also higher than the previous scenarios 

where number of nodes is less than the current scenario. 

Moreover, the network dimensions also have direct impact 

on both the received packets at the base station and on the 

overall network life time [16]. Our proposed algorithm in 

this scenario achieved lesser life time than the first but 

higher than the second scenario. Likewise as the network 

dimension is increased, the received packets at the sink 

node are also decreased. As it can be shown in figure 11, 

the number of alive nodes in the proposed method has 

enhanced by 21.65% with respect to FND than the other 

algorithms. 

 

 
Fig. 10 alive sensors versus round 

 

4.1.5. Scenario Five 

The fifth scenario in our experiment has network 

dimension 33% larger than fourth scenario. In this number 

of nodes is increased to150 which is 50% higher than 

fourth scenario. Figure 12 below depicts the results of 

proposed technique. It shows 11.27% enhancement in the 

number of allive nodes than the algorithms listed in the 

graph with respect to FND. However, it performed lesser 

than scenario four in terms of received packet and energy 

consumption at the base station. 
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Fig. 11 : alive nodes per round (fifth scenario) 

 

 

.  
Fig. 12:alive nodes versus round (sixth scenario) 

 

4.1.6. Scenario Six 

In scenario 6, all the conditions are same as to the scenario 

five. All the simulation parameters were maintained 

unchanged except doubling the number of sensor nodes. 

The life time of the network is less than the other 

algorithms as shown in the graph after using our new 

proposed technique. However, its FND is higher by 7% 

and it has improved its performance by preserving energy 

of the network for maximizing life time. Until 8% of the 

nodes remained alive, the proposed technique performance 

was best by improving network life time and received 

packets at the base station.  

 

 

 

In general, the performance of our technique in this 

scenario was similar to the results of the scenario five. The 

following figures 14 and 15 also illustrate the same 

experimental results. 

 

4.2. Network life time 

To evaluate the proposed algorithm’s performance in terms 

of maximizing network life time, some change in the 

parameters are made, such as changing sink position, 

increasing sensor nodes, and enlarging the network 

dimension. As a matter of fact, when the distance between 

sensor nodes and sink node gets wider, network life time 

gets shorter and vice versa. One of the parameters used to 

evaluate network life time is First Node Die (FND) with 

respect to number of round. Hence, the proposed algorithm 

is examined with respect to FND for first, second and third 

scenario as shown in fig 18. 

 

The three scenarios have similar network dimension 

(100m, 100m) and network size of 50 nodes. Keeping the 

two parameters unchanged, the location of sink node was 

varied to investigate the performance of our algorithm. The 

location of central station during first scenario was at the 

centre (50, 50), top corner (100,100) during second 

scenario and outside the field (125, 50) during third 

scenario. As it can be observed from the figures, the 

network life time of first scenario is almost double to that 

of the second and third scenario. This performance 

difference is observed due to the location change in the 

base station. Nevertheless, the efficiency of the proposed 

technique in all scenarios was more than the other 

algorithms in terms of FND and HND. Other algorithms 

only exceed in LND criteria of life time from the proposed 

algorithm. This does not affect the overall efficiency of the 

proposed technique since its performance outperforms 

until 5% of alive nodes remain in the network. The only 

drawback that we can observe in the proposed algorithm is 

that it is slower in execution and takes more computational 

time and energy than the other algorithms. This can be 

attributed to the iteration and population based behaviour 

of cuckoo optimization. In fact, such trade-off between 

computational speed and energy efficiency should be 

balanced. The proposed algorithm maintains the balance of 

such trade off better than other methods.  
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Fig. 13 FND versus network dimensions 

 

 
Fig. 14 FND versus number of sensors 

 

 
Fig. 15 FND versus sink position 

 

 

5. Conclusion 
 

Energy is the prime resource constraints in wireless sensor 

network and therefore requires proper and elaborated 

design of energy aware routing protocols. Routing 

protocols based on clustering techniques provide the best 

flavour of efficient utilization of the network energy. Every 

sensor node in the network is assigned to the most 

appropriate cluster before data communication happens. 

Similarly, CH is selected as central coordinator of the 

group and in-charge of all communications on behalf of the 

cluster members with the sink node. 

 

In this study, we proposed a method that aimed to achieve 

better energy balance in the network by designing energy 

efficient hybrid clustering based routing algorithm. In this 

technique, FCM is employed to form best clusters based on 

objective function and cuckoo optimization is used for 

selecting the best CH based on the cost function. It is 

designed by considering four criteria like the residual 

energy of nodes, distance of nodes to the sink node, 

distance of cluster member nodes to their CH, and number 

of neighbour nodes. The proposed algorithm performed 

better as compared to LEACH-EP [4], LEACH [3], 

ASLPR [7], LEACH-DT [5], and COARP [16]. From the 

simulation results of different scenarios, it is obtained that 

the proposed algorithm improved the efficiency in terms of 

FND with 64.34%, 63.13%, and 38.1%, 33.76% and 

27.78% respectively. The experimental result regarding 

minimum energy consumption and total packet received at 

the base station also shows better energy utilization and 

throughput than the other methods. In general, this study 

ensured that the hybrid combination of FCM with Cuckoo 

optimization is suited better for solving the problem of 

energy dissipation that WSN applications face.  

 

As future work, this study can be further extended for the 

case of mobility enabled WSN. Further, by introducing 

additional parameters in the designing, the cost function 

will be another alternative to improve the performance of 

the network.  
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