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ABSTRACT  

In current days wireless sensor networks (WSNs) are becoming increasingly complex with their 

growing network scale and the dynamic nature of wireless communications. There were a lot of 

approaches designed in order to measure the per-packet routing paths for an accurate and efficient 

result over a complex network. Also one main limitation that occurs in wireless sensor networks is 

energy conservation, which is not done properly by various applications that are currently used by 

many users. As we all know that maximum reduction in energy consumption will lead to increase in 

the network life time and also very less for expenditure maintenance. In this proposed work, in order to 

address all the above issues, we try to propose fuzzy C-means algorithms investigated for clusters 

formation and subsequent selection of cluster heads (CHs). Initially a set of nodes will be added into 

the network to form as various clusters and each and every cluster will contain a group of nodes having 

some energy levels. Here the main motto of our application is, the sensor nodes which have more 

energy will be taken as cluster head and all the other nodes will try to follow that cluster head node for 

processing their work. Once the cluster head is identified it is then followed by euclidean distances. By 

conducting various experiments on our proposed system, we finally came to a conclusion that our 

proposed method is outcomes of simulation results indicate superior performance of fuzzy-C means 

algorithm compared to conventional clustering schemes.  

 

Key Words:  Clustering, Wireless Sensor Networks, Cluster Head (CH), Re-Configuration, Wireless 

Communication. 

 

I. INTRODUCTION 
A hybrid wireless network always try to combine  an  infrastructure wireless network and a 

mobile adhoc network to leverage their advantages and overcome their shortcomings, and finally 

increases the throughput capacity of a wide-area wireless network. A routing protocol is a critical 

component that affects the throughput capacity of a wireless network in data transmission. Most current 

routing protocols in hybrid wireless networks [1], [2]-[5],[6]-[12] simply combine the cellular 

transmission mode (i.e. BS transmission mode) in infrastructure wireless networks and the ad-hoc 

transmission mode in mobile ad-hoc networks [8], [9], [7]. That is, as shown in Figure 1 (a), the 

protocols use the multi-hop routing to forward a message to the mobile gateway nodes that are closest 

to the BSes or have the highest bandwidth to the BSes. The bandwidth of a channel is the maximum 

throughput (i.e., transmission rate in bits/s) that can be achieved. The mobile gateway nodes then 

forward the messages to the BSes, functioning as bridges to connect the ad-hoc network and the 

infrastructure network. 
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FIGURE.1. REPRESENTS THE TYPICAL DIFFERENCE BETWEEN THE TRADITIONAL 

AND PROPOSED ROUTING ALGORITHMS ON THE UPLINK DIRECTION 

 

From the above figure 1, we can clearly find out the routing process on the uplink direction for 

both tradition approach and for our proposed routing algorithm. In the existing or traditional routing 

approach, there will be a source node which will select a data file from its origin and choose a set of 

intermediate nodes which are having shortest distance to reach to the destination node. Here the data 

will be transferred with the help of various mobile nodes that are available in the network, which is 

almost controlled by one or more base stations. Here the data packets are send one by one from the 

source node to destination rather than all at one time from various directions. Hence the traditional or 

primitive approach is almost time taken process and if we see at the proposed routing algorithm we can 

find multiple paths come under action for sending data from valid source node to destination in 

different directions. This is done mainly because all the data is divided into segments and then each 

segment is sent in various directions. 

As we all know that wireless sensor networks are used for many applications which include 

Area Monitoring, Health Care Monitoring, Disaster management, Business, Industrial Monitoring. 

Actually sensor nodes are tiny structures consists of sensing unit and radio transceivers[13]-[19]. 

Sensing unit sense the environmental conditions and collects the data. These sensor nodes are light in 

weight and cheaper nodes. This type of sensor motes will have constraints on energy consumption, 

memory, speed of computation and computation bandwidth. These wireless sensor network covers 

large area communication network, so the data processing, storage is bit difficult task. Including these 

the sensor nodes faces the problem of limited power to sensor nodes, cost of wireless communication 

and outliers of network like abnormal event detections, intruder detections. To this end, we like to 

facilitate the data mining techniques within such network. Rapid Advancement in the era of 

computation, the data collection and storage has enabled many organizations to accumulate huge 

amount of data. Extracting sensitive useful information from the mass stored data is a challenging task. 

Traditional analysis tools are not effective for the data management. 
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II. RELATED WORK 
In this section we will mainly discuss about the related work that was carried out in order to 

prove the performance of our proposed fuzzy c-mean clustering algorithm in wireless sensor network. 

 

MAIN MOTIVATION 
In recent years there has been a growing interest in Wireless Sensor Networks (WSN). The 

various areas where major research activities working on in the field of WSN are deployment, 

localization, synchronization, data aggregation, dissemination, database querying, architecture, 

middleware, security, designing less power consuming devices, abstractions and higher level 

algorithms for sensor specific issues[20]. 

Data collected through any sensor are needed to be processed for gaining some useful 

information/knowledge or to make some decision by sensor itself or at other end (base station). The 

optimal solutions is through distributed data mining techniques via combining clustering, coverage 

problem and data aggregation (gathering). 

A WSN consists of many small and low-cost sensor nodes capable of detecting physical 

phenomena such as temperature, light, heat, sound, etc. WSNs have many applications including 

military, monitoring, home applications, traffic control, etc. Since the sensor nodes may be applied in 

dangerous and inaccessible environments, replacing or recharging their power supplies is not possible 

and economic [21]. Therefore, optimizing energy consumption for prolonging the network lifetime is a 

critical issue in WSNs. 

Clustering is one of the important methods for reducing the energy dissipation of nodes, 

balancing the energy consumption among nodes and prolonging the network lifetime in wireless sensor 

networks (WSNs). It involves grouping of sensor nodes into clusters and electing cluster heads (CHs) 

for all the clusters [22]-[27]. CHs collect the data from respective cluster’s nodes and forward the 

aggregated data to base station (BS). BS has unlimited energy and can communicate with the end user 

via satellite, Internet and any communication media. In fact, CH acts as a gateway between BS and 

sensor nodes. The optimal forming of clusters and appropriate CHs selection play a key role in 

reducing the energy consumption. 

 
FIGURE.2. REPRESENTS THE ARCHITECTURE OF AN CLUSTERED WIRELESS 

SENSOR NETWORK 
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From the above figure 2, we can clearly find out the clustered wireless sensor networks have the 

following attributes. They are as follows:  

 

Sensor Node: It is the core component of wireless sensor network. It has the capability of sensing, 

processing, routing, etc. 

 

Cluster Head: The Cluster head (CH) is considered as a leader for that specific cluster. And it is 

responsible for different activities carried out in the cluster, such as data aggregation, data transmission 

to base station, scheduling in the cluster, etc. 

 

Base Station: Base station is considered as a main data collection node for the entire sensor network. It 

is the bridge (via communication link) between the sensor network and the end user. Normally this 

node is considered as a node with no power constraints. 

 

Cluster: It is the organizational unit of the network, created to simplify the communication in the 

sensor network. 

 

In general, the clustering process consists of two phases: the setup phase and the steady state 

phase. The setup phase includes the selection of CHs and forming the clusters. In the steady state 

phase, member nodes transmit their data to their corresponding CH, and CH sends the aggregated data 

to BS[28]. Since most of the cluster-based routing protocols do not consider the consumed energy due 

to the clusters formation in the setup phase, the energy dissipation is not properly optimized. In this 

proposed work, in order to reduce the energy consumption in the setup phase, unlike most of the 

existing clustering protocols, first the static clusters are formed, and then at the beginning of each 

round, the CH of each cluster is selected. 

 

III. PROPOSED NOVEL FUZZY C-MEANS (FCM) ALGORITHM 
In this section we will find out the proposed novel Fuzzy C-Means Algorithm also known as 

FCM Algorithm that was used in form balanced static clusters and proper CHs are selected. 

  

PRELIMINARY KNOWLEDGE 

Clustering has been proved an effective routing method for reducing the energy dissipation of 

nodes, balancing the energy consumption among nodes and prolonging the network lifetime. In 

clustering methods, nodes are divided into groups called clusters. Each cluster has a leader node named 

cluster head (CH) and the rest of the nodes are called member nodes. Member nodes transmit their data 

to the corresponding CH and then the CH, after collecting the received data, aggregates their data 

together with its own data and transmits them to the base station (BS). BS has unlimited energy and 

can communicate with the end user via satellite, Internet and any communication media. In fact, CH 

acts as a gateway between BS and sensor nodes[29]. The optimal forming of clusters and appropriate 

CHs selection play a key role in reducing the energy consumption.  

 

NOVEL FUZZY C-MEANS (FCM) ALGORITHM 
In general, the clustering process consists of two phases: the setup phase and the steady state 

phase. The setup phase includes the selection of CHs and forming the clusters. In the steady state 

phase, member nodes transmit their data to their corresponding CH, and CH sends the aggregated data 

to BS. Since most of the cluster-based routing protocols do not consider the consumed energy due to 
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the clusters formation in the setup phase, the energy dissipation is not properly optimized. In this 

proposed work, in order to reduce the energy consumption in the setup phase, unlike most of the 

existing clustering protocols, first the static clusters are formed, and then at the beginning of each 

round, the CH of each cluster is selected. Fuzzy c-means (FCM) algorithm is used to form balanced 

static clusters and proper CHs are selected. In the proposed algorithm, nodes energy, the distance from 

nodes to BS and the distance from nodes to their corresponding cluster centers are used as input 

variables[30]-[32]. Here, we use genetic algorithm for obtaining fuzzy if–then rules to select the CHs 

properly and given the mentioned cases, energy-efficient clustering algorithm based on fuzzy c-means 

algorithm and therefore prolongs the network lifetime. 

 

ALGORITHM ASSUMPTION 
In this proposed work, first to establish a hypothetical wireless sensor network consists of 1 

base station, 40-50 nodes, and then involve Fuzzy c-means clustering algorithm for clustering the 

nodes into clusters based on position and energy. Fuzzy c-means is centralized clustering algorithm, the 

base station computes and allocates sensor nodes into clusters according to the information of their 

location and the cluster head is assigned to the node having the largest residual energy. 

Each cluster contains a set of a nodes and the number of nodes is not necessary equal in the 

clusters. A cluster head is initially elected in each cluster. Since all nodes have the same amount of 

energy, a random number is generated between 1 and the number of nodes in each cluster and the node 

corresponding to this number elects itself cluster head. This is done only at the beginning but after a 

rotation mechanism based on the remaining energy is applied to select the next cluster head. Non-

cluster head nodes send gathered data to the corresponding cluster head. Thereafter, cluster heads 

receive and aggregate data then communicate it in single hop manner to the remote base station. 

Here, each node sends a HELLO message to its neighbors. Keep listening from neighbours and 

Receive Hello messages. The distance is calculated between two nodes, using Euclidean distance. If a 

selected node has link relation with all the other nodes of a specific cluster, then it is specified as the 

cluster head (CH) otherwise it is chosen another. The selected CHs from clusters transmit data to BS, 

and then experimentally plot the result graph for throughput, Energy and E2E delay[33]. 

 

NETWORK MODEL 

To evaluate proposed algorithm, the network model provides the operational environment 

consisting of N nodes and a BS as shown in Figure3. Nodes are randomly placed in an L x L area and 

BS is located at the center. The sensor nodes periodically sense the environment and send the obtained 

information to BS. BS is responsible for receiving the data from nodes and sending this information to 

the end user. The network model has the following features: 

 

1. All nodes have the same capabilities of sensing, processing and communicating.  

2. All nodes are faced with energy constraint and all have the same energy.  

3. All nodes can communicate directly with BS and other nodes.  

4. All nodes are static and are equipped with GPS devices, so they are aware of their own 

locations as well as the location of BS.  

5. BS is static and has no energy constraint.  

6. All nodes use the power control to adjust the transmitted power.  

7. Each node has a unique ID. 
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FIGURE.3. REPRESENTS THE PROPOSED NETWORK MODEL FOR FCM ALGORITHM 

 

ENERGY MODEL 
In this proposed work, the first-order radio model presented in Ref. 6 is used to model the 

dissipated energy. The energy consumption for transmitting an l-bit message from the transmitter to the 

receiver at a distance d is defined as follows: 

                 
 

Here Eelec is the consumed energy per bit in transmitter or receiver circuits. The amplifier 

parameters used for free space model and multipath fading model are ɛfs and ɛamp, respectively. The 

distance threshold d0 and the energy consumption for receiving an l-bit message are obtained from the 

following equations:  

     

      
 

FLOW CHART FOR FCM ALGORITHM 

Fuzzy C-Mean Algorithm (FCM) is a clustering algorithm where static clusters and rotational 

CHs are used. In FCM, unlike the mentioned algorithms, first static clusters are formed then CHs are 

selected as shown in the Figure 4.1. As a result, the energy consumption is reduced in the clustering 



International Journal of Computer Application (2250-1797)  

Issue 8 Volume 1, January- February  2018 

 

126 

 

process. Static clusters are formed by BS to have an energy-efficient clustering mechanism and to 

distribute the energy consumption properly among the clusters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE.4  REPRESENTS THE PROPOSED FLOW CHART OF THE FCM ALGORITHM 

 

In the first step clusters are formed by the Fuzzy C-Means method. Each clusters contains a set 

of a nodes and the number of nodes is not necessary equal in the clusters. In the second step, a cluster 

head is initially elected in each cluster. Since all nodes have the same amount of energy, a random 

number is generated between 1 and the number of nodes in each cluster and the node corresponding to 

this number elects itself cluster head. This is done only at the beginning but after a rotation mechanism 

based on the remaining energy is applied to select the next cluster head. Non-cluster head nodes send 

gathered data to the corresponding cluster head. 

In the third step, cluster heads receive and aggregate data then communicate it in single hop manner to 

the remote base station. 

At the beginning of the first round, all sensor nodes check their locations by using a low-power 

GPS device, and then they send their coordinates to BS as shown in Figure 4.2. Regarding the locations 

of sensor nodes and using FCM algorithm, BS clusters the whole network. These clusters would be 

remaining static, a center is determined for each of them and then, an ID would be assigned for each of 



International Journal of Computer Application (2250-1797)  

Issue 8 Volume 1, January- February  2018 

 

127 

 

the cluster centers. After that, BS determines fuzzy if–then rules by using genetic fuzzy system, then 

selects the first round CHs. It is noticeable that the appropriate selection of fuzzy if–then rules plays a 

key role in the performance of fuzzy logic. The desirability of the applied fuzzy logic helps in a better 

selection of CHs leading to reducing energy consumption and prolonging the network lifetime.  

After forming the clusters, determining fuzzy if–then rules and selecting the first round CHs, BS 

broadcasts the selected IDs of CHs together with cluster center's IDs, the coordinates of each cluster 

center and obtained fuzzy if–then rules through the whole network.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each sensor node selects the closest cluster center and saves the ID and its coordinates. Then 

each node whose ID is identical to those of the selected CHs, broadcasts a low-power message to the 

neighboring nodes informing that it has become a CH. The ID of cluster center to which this node 

belonged, is in this message. Therefore, the rest of the nodes which have saved the ID of cluster center, 

join the CH. To select the CHs for next round, each of the current round CHs selects the next round CH 

of its corresponding cluster using fuzzy logic module, optimal fuzzy rules and the received information 

from the locations and energies of cluster nodes. In FCM, the way of sending the data packets from the 

member nodes to CHs and from CHs to BS is similar to that of LEACH algorithm.  

 

IV. CLUSTER FORMATION ALGORITHM 
In this section we mainly describe about the cluster formation algorithm that is used for forming 

clusters and send the data in very less energy consumption. 

ALGORITHM 1    CLUSTER FORMATION  

 
2:  
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PSEUDO CODE OF ALGORITHM 

Initialize FCM (); // Initialize the FCM module  

Nodes [ ] = get Nodes ( ); // Get all the Nodes in the Network 

Num Cluster = calculate Clusters (Nodes->count); // Calculate the Required amount of clusters 

needed  

CHs [ ] = calculate Initialize CH (Nodes, Num Cluster); // Calculate Initial Clusters//  

Begin Super Loop  

While (true)   

Index = 0;   

For each (Cluster in Nodes->get Clusters(Num Clusters))    

// Calculate Probability     

P [ ] = calculate Probability Use Residual Energy (Cluster);    

Node Id = maximum (P); // Select the node with maximum Probability     

CHs [Index] = Node Id;    

Index = Index + 1;   

End for each   

// Transmission Phase   

Energy Consumed = get Energy (PACKET_SIZE); // Calculate Energy to send this Packet  

If (Energy Consumed > threshold)  

Paths [ ] = Calculate Splits ( ); // Calculate the Splits and store in a list For each (path 

in Paths)  

Packets [ ] = get Packets (Paths->count); // Get Packets equal to number of 

paths  

For each (packet in Nodes->get Packets ( ))  

Send Packet (packet, path); // Send the Packet to selected path  

End for each  
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End for each  

End if  

End While 

 

V. IMPLEMENTATION  PHASE 
Implementation is the stage where the theoretical design is converted into programmatically 

manner. In this stage we will divide the application into a number of modules and then coded for 

deployment. We have implemented the proposed concept on Network Simulator which runs on Ubuntu 

operating system. The application is divided mainly into following 6 modules. They are as follows: 

 

1. Topology Definition: To ease the creation of basic facilities and define their 

interrelationships, ns-3 has a system of containers and helpers that facilitates this process. 

 

2. Model Development: Models are added to simulation (for example, UDP, IPv4, point-to-

point devices and links, applications); most of the time this is done using helpers. 

 

3. Node and Link Configuration: models set their default values (for example, the size of 

packets sent by an application or MTU of a point-to-point link); most of the time this is done 

using the attribute system. 

 

4. Execution: Simulation facilities generate events, data requested by the user is logged. 

 

5. Performance Analysis: After the simulation is finished and data is available as a time-

stamped event trace. This data can then be statistically analysed with tools like R to draw 

conclusions. 

 

6. Graphical Visualization: Raw or processed data collected in a simulation can be graphed 

using tools like Gnuplot, matplotlib or XGRAPH. 

 

VI. RESULT ANALYSIS 
In this section we mainly deployed the application using NS-3, which is built using C++ and 

Python with scripting capability. The NS-3 library is wrapped by Python thanks to the pybindgen 

library which delegates the parsing of the ns-3 C++ headers to gccxml and pygccxml to automatically 

generate the corresponding C++ binding glue. These automatically-generated C++ files are finally 

compiled into the ns-3 Python module to allow users to interact with the C++ ns-3 models and core 

through Python scripts. The ns-3 simulator features an integrated attribute-based system to manage 

default and per-instance values for simulation parameters. 

 

We simulated the proposed algorithm in NS 3.24. We found results for placing the cluster heads 

with minimum distance separated as well as placing the cluster heads randomly over the grid. We also 

calculated the intra cluster and inter cluster distance. The proposed algorithms are evaluated by 

simulating a network of 40 nodes. Sensor nodes are dispersed in an area of 400 x 400 m2 shown in 

figure 4.2, the base station is located at (0,0), so it is at least 50m from the closest sensor node. The 

number of clusters is chosen equal 8, which is the five times of the total number of nodes. Each sensor 

node transmits a 10000 bit message. The initial energy supplies to each sensor node are 0.1J. Table 4.1 

gives all simulation parameters. 
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Parameters Values 

Network size   (400 x 400) m
2
 

Base station location (0 , 0)  

Number of nodes 40 

Initial energy 0.1 J 

Data packet size 10000 bits 

Amount of energy consumption per the transmitter or receiver (Eelec) 50 nJ/bit 

Consumption factor of amplification (Efs) 100 pJ/bit 

Emp  0.0013 pJ/bit/m4 

Energy data aggregation (EDA) 5 nJ/bit/signal 
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The target of the proposed algorithm is to acquire the highest sensing performance with 

maximum energy efficiency.  The energy efficiency is defined by energy consumption and throughput. 

The performance of the proposed algorithm is verified by comparing the performance with non-

clustering and conventional clustering schemes. The network consists of 40 numbers of sensors, which 

are divided into eight numbers of clusters with each cluster having random numbers of sensors 

assigned based on FCM. We have compared our algorithm with other schemes [11,22,23,26]. In [11], 

sensors of the whole network forward their sensing information to the FC, due to which the highest 

amount of energy is consumed. In [22], a modified version of cluster making method LEACH is 

proposed, in which sensors share their information with neighbor nodes. In [23], the network is divided 

into clusters using FCM and every sensor forwards its sensing energy to BS. The cluster using FCM 

and select the CH based only on residual energy. Due to the small distance between CHs and their 

cluster members in the proposed algorithm, a very small amount of energy is consumed and highest 

throughput is achieved as compared to conventional clustering schemes. The energy consumption of 

the proposed algorithm is compared with non-clustering and conventional clustering schemes with an 

increasing number of sensors in Figure 5. It is clear from the figure that the proposed algorithm 

consumes a less amount of energy as compared to conventional clustering schemes. It is shown that the 

non-clustering cooperative spectrum sensing consumes the highest energy as compared to clustering 

schemes. Furthermore, we can see from the figure that 50 numbers of sensors in the whole network [22, 

23, 26] consume more than 300 J of energy, while with the same number of sensors, the proposed 

algorithm consumes energy of approximately 260 J.  

 

 
FIGURE.5. REPRESENTS THE SIMULATION RESULT FOR OUR PROPOSED ALGORITHM 

COMPARED WITH VARIOUS PRIMITIVE ALGORITHMS 
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VII. CONCLUSION 
In this proposed work, the clustering architecture is been defined under the limits of network. In 

such networks, the nodes are having the random mobility over the network as well as the absence of the 

GPS increases the complexity of the work. In this thesis, we have defined an improved clustering 

architecture with cluster heads definition. In this proposed system, a clustering technique is proposed 

that uses the fuzzy c-means clustering method for the formation of clusters and cluster head is selected 

based on four parameters: sensor’s location within cluster, location with respect to BS and its residual 

energy. The goal of our algorithm is to get the highest performance of the network under imperfect 

channels with a smaller consumption of energy. The proposed algorithm selects the CH near its cluster 

members with high residual energy, which saves a large amount of energy. The work is here performed 

in the cluster head selection procedure. The cluster head selection is also defined parametric; the 

parameters considered here are the maximum connectivity and maximum energy. The obtained results 

show that the presented work has improved the network life and the overall communication over the 

network.  
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