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ABSTRACT 

 

Wireless sensor networks are investigated by the researchers mainly towards the energy efficiency and the optimal cluster size. The 
constraints in the square based cluster model are modified suitably and a hexagonal model with improved efficiency is simulated in this 

paper. The transmission as inter cluster and intra cluster are studied in the simulated environment and it is found that the intercluster 

transmission is improved by 65% than conventional square cluster model for variation in number of nodes. Further, it is also confirmed 

that the analytical model almost coincides with the simulated version which reported 61%. In the same manner the intercluster 

transmission found to be of better value as 64%. It is also proved that the total transmission including Inter and Intra cluster for the 

proposed hexagonal cluster around 30% to 50% which matches exactly with the analytical results obtained in our earlier work. 

 

Keywords: WSN, Optimal Cluster Size, Hexagonal Cluster, Energy consumption, Data transmission rate. 

 

 

INTRODUCTION 

 

 The WSN is a network that includes around 

thousands of small sensor devices usually referred as 

nodes involve in data sensing, computation and 

communication. These nodes carry limited and 

irreplaceable power sources which makes them prone 

to failures. This failure of nodes may affect the 

overall communication in the network. Therefore the 

sensor network must be tolerant to fault, operating 

environment, scalability and power consumption.  

These networks are widely used in many applications 

such as security, military, health and environmental 

monitoring. Inorder to achieve high quality of 

service, various sensor network protocols are 

developed to focus on the power consumption, since 

this is the main issue being faced in WSN during 

data transmission. 

 Recent research works have proposed various 

power conservation techniques in WSN. The 

compressive sensing [3, 4, 5] is found to be the 

emerging technology towards power conservation. 

This technique conserves power by reducing the 

amount of transmission rate and balances the traffic 

load in WSN. Another technology that is used in 

recent research works for energy conservation is 

node clusteration, where the sensor nodes in the field 

are organized into clusters before performing data 

transmission in the network. Each cluster has a 

cluster head (CH), which involve in forwarding the 

transmitted data to the sink (destination node). The 

sensor node processes the sensed data before 

transmitting to the CH, instead of sending the raw 

data and complicating the work of the head. The CH 

conserves the energy at its end by using the 

compressive technique, where data’s are compressed 

before delivering at the sink. Similarly there are 

various protocols and algorithms such as LEACH, 

HEAD, EEHC etc., were proposed in recent times to 

conserve energy in the network. The cluster method 
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allows two levels of transmission: intracluster and 

intercluster transmission to take place. Apart from 

energy conservation, the clustering method balances 

the traffic load more efficiently compared to other 

energy conservation techniques.   

 The size of the cluster is found to play an 

important role in the network. Because when the 

cluster size decrease, the number of cluster increase 

leading to an increase in the intercluster data 

transmission. Whereas, when the cluster size 

increase, the intracluster transmission will increase. 

Thus it is necessary to optimize the cluster size and 

through optimal cluster usage in the network, the 

transmission rate can be reduced thereby conserving 

the energy. The sensor nodes are deployed in clusters 

of different shapes such as square and circle. They 

are not found to be optimum since these clusters have 

to be overlapped to cover the entire area.  

 This paper proposes hexagonal cluster, where 

the WSN is partitioned into clusters of hexagonal 

shape. The hexagonal cluster is found to be optimum 

than the square and circle because, it does not require 

overlapping since it can cover entire area and larger 

area. The analytical results in [1] reports that the 

hexagonal cluster is optimum than the existing 

square cluster [2], by reducing the intercluster 

transmission to about 61% by varying the number of 

sensor nodes, 73% by varying the field density, 61% 

by varying the number of projections and about 69% 

by varying the edge length of the clusters in the 

sensor region, and total transmission by 30% to 50%. 

Thus this paper simulates the proposed hexagonal 

cluster model and compares with the hexagonal 

analytical results in [1]. 

 The rest of the work in the paper is organized as 

follows. In Section 2, we describe the related works 

done towards the various clustering techniques; the 

simulation description of both the existing square 

cluster and proposed hexagonal cluster model is 

reported in Section 3. Section 4 presents the 

simulation results comparing with the existing work 

and the proposed work is concluded in Section 5 with 

the direction for future enhancement.   

 

1. Related Work: 

 An Energy-Balanced Cluster Range Control 

algorithm (ECRC) was developed by the authors Bo 

Tang et al [6] to optimize the cluster size since 

the cluster head closer to the sink depletes more 

energy for relaying data from the clusters than the 

clusters far from the sink. They demonstrated 

through experiments that this algorithm to be 

efficient in energy consumption, lifetime, and less 

volume of relaying data.  

 A grid based clustering which is used conserve 

energy in WSNs was further enhanced by the authors 

Yanyan et al [7] to optimize the grid size in the 

clusters inorder to achieve minimized energy 

consumption in the network. They proved the same 

through simulation and achieved increase in the 

network lifetime. 

 A transmission scheme called MIHOP that 

includes cluster-based virtual MIMO and multi-hop 

technologies was proposed by the authors Liu et al 

[8] to conserve energy in WSNs. They reported a 

reduction of 12.98%, 47.55% and 48.30% energy 

consumption by the nodes under the proposed 

MIHOP technique than the existing virtual MIMO 

schemes, multi-hop networks and double-string 

networks, respectively through simulation. 

 As energy drains highly in areas under heavy 

traffic load, the authors Mammu et al [9] proposed a 

cluster based energy efficient routing algorithm 

(CBER), where the CH represents all the nodes in the 

cluster and balance the energy consumption and 

traffic load in WSNs. Through experimentation they 

reported CBER to be more energy efficient that 

LEACH and HEED. 

 The authors Eun Jung et al [10] focused on the 

energy optimization of the two major components 

switches and network interface cards (NICs) which 

consume the major portion of the power. They 

simulated the energy consumption using a cycle-

accurate simulator of an Infini Band Architecture 

(IBA), implementing the novel dynamic link 

shutdown (DLS) technique which saved up to 40 

percent of energy.  

 Since energy efficiency on the cluster storage 

system remains as an issue, the authors Xiaojun Ruan 

et al [11] worked towards this by implementing 

energy-efficient cluster storage system (ECOS), 

which depends on the architecture of cluster storage 

systems where each I/O node manages multiple disks 

- one buffer disk and several data disks. Their 

experimentation results proved that the ECOS with 

extra buffer disks is more energy efficient than the 

same cluster storage system without the buffer disks. 

Research towards this denotes that, using existing 

data disks in I/O nodes to perform as buffer disks can 

achieve even higher energy efficiency. 

 A routing protocol was proposed by the authors 

Duc Chinh et al [12], which performs cluster head 

rotation to balance the energy consumption and time 

scheduling on the node operation to achieve energy 

conservation. They mainly focussed on energy 

conservation at intracluster  where they proved 

through experiment that the proposed algorithm 

prolongs the network lifetime and conserve energy in 

the network. 

 As each cluster head depletes its energy quickly 

by performing a number of activities such as data 

gathering, data aggregation, data forwarding etc, the 

authors Khan et al [13] proposed a Dual 

Head Clustering Scheme (DHCS) for energy 

efficiency in WSNs. This scheme selects two 

different nodes in the cluster to perform two different 

activities such as cluster management and 

aggregation namely Cluster Head (CH) and 

Aggregator Head (AH) respectively. They reported 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bo%20Tang.QT.&searchWithin=p_Author_Ids:37826801100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bo%20Tang.QT.&searchWithin=p_Author_Ids:37826801100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bo%20Tang.QT.&searchWithin=p_Author_Ids:37826801100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=clusters+used+for+energy+conservations
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Xiaojun%20Ruan.QT.&searchWithin=p_Author_Ids:37398746000&newsearch=true
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through simulation that DHCS outperforms Single 

Head Clustering Schemes.  The authors Bouabdallah 

et al [14] reported two mechanisms that can augment 

any protocol and optimize the cluster to achieve 

energy conservation in continuous-monitoring 

applications which are most commonly used in 

WSNs.  

 From the reported works, it is deeply observed 

that the researches have worked with a  common 

objective of  determining efficient energy utilization 

and optimum data transfer techniques. The next 

section is presented with an simulated cluster model 

for the proposed hexagonal cluster and the existing 

square cluster. 

 

2. Simulated Cluster Models for Energy 

Conservation: 

 An analytical model is presented in [1] to study 

the relationship between the cluster size and the 

number of transmission for a wireless sensor 

network. A square type cluster using centralized 

clustering algorithm was used in [2] and proved to be 

efficient than other cluster based energy saving 

methods by reducing the transmission by 30%. Since 

the square type cluster model reported earlier is 

observed to be lacking in attaining minimal number 

of transmissions and better performance in data 

projections, a new cluster of hexagonal structure has 

been proposed, in view of its benefits of non-

overlapping, maximum coverage area and  equal 

transmission range such that entire area can be 

coverd. 

 This section discuses the simulated design of the 

square and hexagonal cluster models and reports the 

efficiency of the proposed model over the existing 

square cluster.  

 

3.1 Square Cluster Model: 

 

 
 

Fig. 1: Deployment of square cluster and distribution of sensor nodes with CH at the centre. 

 

 The entire sensor network is clustered into a set 

of square clusters, where the sensor nodes are placed 

into their respective clusters following the 

advertisement messages broadcasted by the cluster 

heads. The sensors initially collect the raw data, 

processes and transmits to the respective cluster 

head. The datas are the forwarded to the 

neighbouring cluster heads and finally delivers to the 

sink.  

 In Fig.1, the field containing 100 sensor nodes 

are grouped into 6 square clusters with the cluster 

heads CH1, CH2, CH3, CH4, CH5 and CH6 located 

at the center of the cluster. These cluster heads holds 

a powerful transmitter such that it can communicate 

with other cluster heads and the sink in the network. 

The cluster head selection and the connection 

establishment between the CH’s and the sink are 

done similar to the hexagonal cluster model as 

explained below.   

 

3.2 Optimum Hexagonal Cluster Model: 

 The work reported in [1] presents an analytical 

model to design an optimal cluster size for effective 

data transmission rate and to study the relationship 

between the optimal hexagonal cluster and energy 

conservation in WSNs. The analytical 

experimentation results proved the proposed 

hexagonal cluster model to be optimum than the 

existing square based cluster model to about 30% to 

50% on the transmission rate. 

 Since the suggested hexagonal model has been 

proved to be the optimum cluster size for the 

effective data transmission in WSN, the proposed 

work is further simulated using NS2 simulator for 

various parameters.  Thus this section presents the 

simulation model of the proposed hexagonal cluster 

and the existing square cluster model. 

 The above figure represents simulated hexagonal 

cluster model with the sensor nodes. The nodes in the 

field are uniformly and independently distributed, 

where each sensor node is aware of its location. All 

the sensor nodes with fixed transmission power and 
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rate are organised into hexagonal clusters as shown 

in the figure.  

 The field contains about 100 sensor nodes, 

where these nodes are organized into three clusters of 

hexagon model with the cluster heads CH1, CH2 and 

CH3 at the centre. With increase in sensor nodes the 

field will contain CHi of i clusters. These cluster 

heads are in turn connected to the sink which is the 

destination node located at the corner of the sensor 

field. Once when the sink divides the field into 

clusters, it broadcasts the calculated central point of 

each cluster area to all the sensor nodes to elect its 

cluster head, where the node closer to the central area 

will be elected as the CH. At the failure of the CH, a 

new cluster head election will take place in the same 

method as explained earlier. Further the heads 

broadcasts the advertisement messages containing 

the identifier and the geographic location information 

to the nodes to invite them to join their respective 

clusters. The connection between the cluster heads 

and the sink is established using the minimum 

spanning tree (MST) method. 

 

 
 

Fig. 2: Sensors organized in Hexagonal Cluster. 

 

 Two types of transmission: intercluster and 

intracluster transmissions are performed among the 

nodes in the field. The intracluster transmission 

follows the shortest path routing to transmit the data 

to the CH. Whereas the intercluster transmission 

constructs a backbone tree to connect the CHs to the 

sink. The cluster heads take M projections to transmit 

the data to the sink. On receiving the data, the sink 

recovers the transmitted original data of all sensor 

nodes. As the reported work in [2] denotes, the 

reduction in transmission rate conserves energy in 

WSN, the proposed cluster model conserves energy 

in the network by reducing the number of intercluster 

data transmission and the total transmission rate. 

 The simulated design analysis reports that the 

existing square cluster model requires about 6 

clusters to hold the 100 sensors present in the field, 

whereas the proposed hexagonal cluster model places 

the same number of sensor nodes within 3 clusters. 

This shows that the hexagonal cluster covers larger 

area than the reported square cluster [2]. Thus it is 

analysed from the simulation results discussed in 

Section 4, that the hexagonal cluster reduces the data 

transmission rate and conserve energy compared to 

other cluster models.  

 

3. Performance Evaluation And Simulation Result 

Analysis: 

 In this section, we evaluate and analyse the 

performance of the square and hexagonal cluster 

model. The efficiency of energy conservation 

through the usage of square cluster is compared with 

four other methods such as clustering without 

compressive sensing method, shortest path tree (SPT) 

without CS, SPT with hybrid CS and optimal tree 

with hybrid CS and proved to be efficient in [2]. The 

simulated result in this paper reports the hexagonal 

cluster to be more efficient than the square cluster. 

Section 4.1 reports the intercluster data transmission 

performance of the square and hexagonal cluster 

from the simulation and Section 4.2 discusses the 

results of the hexagonal cluster model and its 

efficiency over the square cluster in terms of total 

transmission. 

 

3.1 Simulation Result and analysis of Intercluster 

transmission: 

 Here two metrics is used in the simulation: the 

number of data transmission and the number of 

projections taken to deliver the data to the sink. All 

the simulations have the sensors deployed uniformly 

in the field where the density of nodes in the sensor 

field λ varies from 1 to 5 with the number of sensors 

varying from 1 to 100. The transmission range of 

each node is set to  2 unit and the edge length of the 

cluster varies from 1 to 5 units. 
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Fig. 3: Intercluster data transmission for varying number of sensor nodes. 

 

 
 

Fig. 4: Intercluster data transmission with respect to projections. 

 

 The simulation is performed and compared 

between the square and hexagonal clusters in terms 

of number of transmissions. Fig. 3 shows the data 

transmission rate of the square and hexagonal cluster. 

The transmission rate of the square cluster is found to 

be better than the clustering method without 

compressive sensing and SPT with hybrid CS 

method reported in [2].This is because, the nodes 

transmit data to the node that is present nearer to the 

sink in SPT, whereas in square cluster data is 

transmitted to the CH which is located at the center 

of the cluster. But the performance evaluation in this 

paper reports that the number of data transmission 

taken in the hexagonal cluster is significantly lesser 

to about 65% than the existing square cluster and is 

found to be better than the analytical result reported 

in [1]. 

 Fig. 4 reports the intercluster transmission rate 

taken by both the existing and proposed cluster in 

terms of number of projection metric varying 20 to 

100 with the density, edge length of the cluster and 

number of sensor nodes being the same as mentioned 

above in the simulation. The result denotes the 

intercluster transmission with the hexagonal cluster 

to be lesser by 64% compared to the square cluster. 

Similarly the total transmission required by the 

proposed method is found to be more efficient when 

comapered to other methods as reported in the next 

session. 

 

3.2 Performance evaluation of total transmission: 

 This includes the data transmitted by the nodes 

both within the cluster and between the clusters in 

the sensor field. Fig 5 denotes the total transmission 

taken by the nodes varying from 1 to 100 in number, 

density of the field being 5 with transmission range 

of each node as   2 unit and other setup is same as 

explained above. The simulation result reports that 

the total transmission taken by the hexagonal cluster 

is 50% lesser than the square cluster and it is also 

analysed that the simulation results are better than 

the reported analytical results [1]. 

 Fig. 6 shows the simulation result of the total 

transmission taken by the nodes in terms of number 
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of projections. The results report the proposed 

method to be efficient than the existing technique by 

32%.

 

 

 
 

Fig. 5: Total transmission rate with respect to number of sensors. 

 

 
 

Fig. 6: Total transmission with respect to number of projections. 

 

4. Conclusion: 

 The simulation work is presented in this paper to 

prove the hexagonal cluster to be optimum than the 

square cluster model and the results are also 

compared to the presented analytical simulation.   

 From the performance evaluation it is reported 

that the intercluster transmission in the hexagonal 

cluster to be better by 65% than the existing square 

cluster model for variation in number of nodes and it 

is also found to be better than the analytical result 

which reported only 61% lesser data transmission 

rate. Similarly, it is also reported that proposed 

cluster model provides 64% of reduced number of 

intercluster transmission in terms of number of 

projections. Finally the total transmission including 

both intercluster and intracluster transmission in the 

hexagonal cluster to be efficient than the existing 

cluster model by around 30% to 50% which is found 

to be similar to the presented analytical simulation 

results.  

 Therefore this paper reveals the hexagonal 

cluster to optimum and concludes that the sensors in 

wireless sensor network being organized into clusters 

of hexagonal structure communicates with reduced 

trasnsmission rate and conserves energy in the 

network. The work can be enhanced in future by 

using the optimal hexagonal cluster for 

communication in various fields of interest. 
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