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Abstract—The Wireless Sensor Network (WSN) is made 

up with small batteries powered sensor devices with lim-

ited energy resources within it. These sensor nodes are 

used to monitor physical or environmental conditions and 

to pass their data through the wireless network to the 

main location. One of the crucial issues in wireless sen-

sor network is to create a more energy efficient system. 

Clustering is one kind of mechanism in Wireless Sensor 

Networks to prolong the network lifetime and to reduce 

network energy consumption. In this paper, we propose a 

new routing protocol called Fuzzy Based Energy Effi-

cient Multiple Cluster Head Selection Routing Protocol 

(FEMCHRP) for Wireless Sensor Network. The routing 

process involves the Clustering of nodes and the selec-

tion of Cluster Head (CH) nodes of these clusters which 

sends all the information to the Cluster Head Leader 

(CHL). After that, the cluster head leaders send aggregat-

ed data to the Base Station (BS). The selection of cluster 

heads and cluster head leaders is performed by using 

fuzzy logic and the data transmission process is per-

formed by shortest energy path which is selected apply-

ing Dijkstra Algorithm. The simulation results of this 

research are compared with other protocols BCDCP, 

CELRP and ECHERP to evaluate the performance of the 

proposed routing protocol. The evaluation concludes that 

the proposed routing protocol is better in prolonging 

network lifetime and balancing energy consumption. 

 
Index Terms—Fuzzy logic, Wireless Sensor Network, 

Cluster Head Leader, Shortest Energy Path, Dijkstra Al-

gorithm. 

 

I.  INTRODUCTION 

A wireless sensor network is one kind of energy con-

strained network. Wireless sensor networks are formed 

by a number of sensor nodes, which are powered by bat-

teries. The replacement or recharging process of these 

batteries is very difficult. Sensor nodes are used to moni-

tor environmental or physical conditions, such as temper-

ature, sound, and motion, etc. Recent technological de-

velopment in the Micro Electronic Mechanical system 

(MEMS) and wireless communication technologies have 

enabled the invention of tiny, low power, low cost, and 

multi-functional smart sensor nodes in a wireless sensor 

network. The transmission of a finite amount of infor-

mation can be only supported by finite energy. 

In twenty-first century, WSN have been widely con-

sidered as one of the most important technology. The 

most important factor in WSN is energy efficiency for 

prolonging network lifetime and also for balancing ener-

gy consumption. Routing is also an important factor that 

affects wireless sensor networks [1, 7]. One of the most 

restrictive factors on the lifetime of wireless sensor net-

works is the limited energy resources of the sensor nodes. 

Sensor nodes can be organized hierarchically by group-

ing them into clusters in order to achieve energy efficien-

cy.  

Previously, a several numbers of literatures have been 

done to improve energy efficiency of Wireless Sensor 

Networks. One of them is Low Energy Adaptive Cluster-

ing Hierarchy (LEACH) [3, 4]. It is a hierarchical proto-

col. Moreover, it uses single-hop routing that means eve-

ry sensor node transmits information directly to the clus-

ter head. Therefore, it is not recommended for large area 

networks. After that, some protocols BCDCP [7], PEG-

ASIS [8], CELRP [10] and GPSR [11] are proposed to 

improve the energy efficiency of LEACH protocol using 

multi hop routing schema. Base-Station Control, Dynam-

ic Clustering Protocol (BCDCP) [7] is a centralized rout-

ing protocol, which uses Minimal Spanning Tree (MST) 

[2] to connect to CH which randomly chooses a leader to 

send data to sink. BCDCP route data energy efficiency in 

small-scale network. A Cluster Based Energy Efficient 

Location Routing Protocol (CELRP) [10] is a location 

based routing protocol. It applies the Greedy algorithm to 

chain the cluster heads. In Power-Efficient Gathering in 

Sensor Information Systems (PEGASIS) [8], each node 

can transfer data to only its nearby neighbor. It uses a 

greedy algorithm to form a chain of nodes. These proto-

cols [7, 8, 10] use only one cluster head leader to transmit 

data to the base station. These protocols are not appropri-

ate for large area networks. GPSR [11] is a position 

based routing protocol, which performed by using a geo-

graphic positioning system (GPS). Then a literature [14] 

is introduced the trust concept in GPSR and name T-

GPSR. Recently, an improvement of T-GPSR is per
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formed in [15]. Some other position based protocols are 

Location Aided Routing Protocol (LAR) [12] and GRID 

[13]. A wide description of geography based routing pro-

tocol is found in [16, 17]. 

After that, some protocols ECHERP [5], TEEN [6] and 

SHORT [9] are also proposed to improve energy effi-

ciency of wireless sensor networks. Equalized Cluster 

Head Election Routing Protocol (ECHERP) [5] models 

the network field as a linear system. However, in this 

protocol, only a first level Cluster Heads can directly 

transmit data to the BS, so first level nodes will die first. 

Threshold Sensitive Energy Efficient (TEEN) is a proto-

col which designed for sudden changes in the sensed en-

vironment [6]. In TEEN, the sensor network architecture 

is designed hierarchically. It does not operate properly 

when the numbers of layers increases.  

Energy consumption and network lifetime are the pa-

rameters to measure the energy efficiency of a wireless 

sensor network. In a network, which uses only one CHL 

to transmit aggregated data to the base station, the sensor 

nodes start to die in a very short round and also the nodes 

which are close to the base station die first. It causes to 

decrease network lifetime and imbalance energy con-

sumption, which affects the energy efficiency of the 

whole network. It would be interesting to evaluate, how 

we can minimize the total energy consumption and pro-

long network lifetime of wireless sensor networks. 

This research mainly focuses on multiple CHs and 

CHLs which are used in the large area network to trans-

mit data to the base station and also in the data transmis-

sion process of the network. These CHs and CHLs are 

selected by using fuzzy logic. This study attempts to min-

imize the total energy consumption and prolong network 

lifetime of this large area network.     

This paper is structured as follows: Section II presents 

the methodology of proposed energy efficient routing 

protocol. Section III describes details about the network 

model of this protocol. Section IV illustrates details about 

the simulation of this study to analyses energy consump-

tion and network lifetime. Section V shows simulation 

results and evaluates performance on network life time 

and energy consumption. Finally, Section VI represents a 

set of conclusions and the future works. 

 

II.  RESEARCH METHOD 

Many literatures have been proposed based on single-

hop routing [3], multi-hop routing [5-10] and fuzzy logic 

[19-22] and also position based routing [10-13]. However, 

these solutions depend on one elected CHL to directly 

transmit aggregated data to the BS. This dependency on 

only one CHL sharply decreases total resume energy of 

whole network. 

This literature mainly follows [5, 7, 10] and introduces 

an energy efficient data transmission process based on 

multiple CHs and CHLs for WSN. 

We study different simulation tools used in previous 

studies [16-22]. There are many simulation tools to simu-

late the proposed protocol. However, one of these simula-

tion tools is selected based on the accuracy and minimum 

runtime complexity of these tools. Primarily, the simula-

tion setup is performed by mapping the network field. 

After that, we select CHs and CHLs in the network field 

using Fuzzy Inference Engine and apply the Dijkstra al-

gorithm to chain cluster members and CHs. 

After finishing the simulation setup, we observe many 

simulation data. We use same simulation parameters 

which are previously taken by other protocols [5, 7, 10] 

to compare the simulation results and to evaluate the per-

formance of this protocol. Moreover, we plot different 

graphs to show the comparison of the simulation results 

of this study and the other protocols [5, 7, 10]. From plot-

ted graphs it shows that the proposed protocol is better 

than BCDCP, CELRP and ECHERP in prolonging the 

network lifetime and balancing energy consumption. A 

careful observation of these plots provides a quantitative 

measure of the energy efficiency of the new routing pro-

tocol. 

 

III.  NETWORK MODEL OF PROPOSED ROUTING PROTOCOL 

The network model of this study is shown in Figure 1. 

This routing protocol provides balance in the energy con-

sumption and prolongs the network lifetime.  

 

 

Fig 1. Scenario of proposed network model 

The new routing protocol organizes clusters so that all 

the nodes can be included in these clusters. It chooses 

CHs for each cluster using Fuzzy logic, which is based 

on highest energy resume and minimum distance from 

the BS. In this protocol, the Dijkstra algorithm is applied 

to find a shortest energy path of each node. After that, it 

chains the cluster members and CHs according to short-

est energy paths. Finally, cluster members; send data 

packets to the CHs. In this protocol, multiple CHLs are 

chosen by the BS using fuzzy logic based on highest en-

ergy resume and minimum distance from BS of each CH. 

Each CHL can transmit data directly or by other CHLs to 

the BS, depending on shortest energy path. 

We simulate this network to analyze network lifetime, 

average residual energy and energy dissipation of this 

study. The simulation results show that, this protocol is 

better in prolonging network lifetime and balancing ener-

gy consumption compared to the BCDCP, CELRP and 

ECHERP.
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IV.  SIMULATION 

This section discusses the simulation of this study. The 

simulation takes place by using MATLAB. We use the 

Fuzzy Inference Engine to select CHs and CHLs. We 

also apply the Dijkstra algorithm to chain the cluster 

members according to their shortest energy path. 

A.  Network Field Mapping 

As shown in Figure 2, we design a network field with 

100 nodes, which are randomly scattered in this sensing 

field with dimension (100m × 80m) and BS located at 

position (130,100). 

 

 
Fig 2. A snapshot of random deployment of sensor nodes in the network 

field 

To compare the performance of the study with other 

protocols, we ignore the effect caused by signal collision 

and interference in the wireless channel. Table 1 summa-

rizes the parameters used in our simulation. 

Table 1. Simulation Parameters 

Parameter Value 

Network field (0, 0)-(100, 80)m 

Base station location (130, 100)m 

N (Number of nodes) 100 

Initial energy (EInit) 1J 

Eelec (EDissipation for ETx&ERx) 50 nJ/bit 

εfs (free space) 10 pJ/bit/m2 

εmp (Multipath fading) 0.0013 pJ/bit/m4 

d0 (Threshold distance) 88m 

EDA (Energy Aggregation Data) 5 nJ/bit/signal 

Data packet size (l) 4000 bits 

B.  Clustering and Cluster Head Selection 

In this protocol, Clustering has been done with the 

fuzzy clustering method and Cluster Heads have been 

selected by fuzzy logic based on both the energy resume 

and the distance from the Base-Station of a sensor node. 

We use equations which are given in [10] to determine 

energy spent for transmission of a 1-bit packet from the 

transmitter to the receiver at a distance (d) is defined as: 

 

   (   )                
  

                 
       

                 
                   (1) 

 

ETx is the energy dissipated in the transmitter of source 

node. The electronic energy Eelec is the per bit energy 

dissipation for running the transceiver circuitry. The 

threshold distance d0 can be obtained from: 

 

   √
   

   
                                (2) 

 

And ERx is the energy expanded to receive messages: 

 

   ( )                                  (3) 

 

The distance (d) of node from one node to another 

node is calculated by following equation: 

 

  √(     )
  (     )

                   (4) 

 

Energy cluster is the sum of energy in Cluster Heads: 

 

               (   )     ( )               (5) 

 

Where, ki indicates the number of member nodes in the 

cluster heads. ETx(l, d) indicates energy transmission. 

ERx(l) indicates energy receiver and EDA indicates energy 

of data aggregation. 

B1.  Fuzzy Membership Functions Implementation 

Membership functions [19, 20] of the fuzzy system pa-

rameters to determine the cluster heads are shown in Fig-

ures 3 (a), (b) and (c). 

 

 

(a)
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(b) 

 

 
(c) 

Fig 3. (a) Fuzzy Input Membership function (Distance) (b) Fuzzy Input 

Membership function (Energy) (c) Fuzzy output Membership function 
(Possibility) 

B2.  Fuzzy Rules Generation 

To find the possibility of a node to be a CH, it needs to 

assign Fuzzy Rules for all possible inputs. Table 2 shows 

these Fuzzy Rules. 

 
Table 2.Fuzzy Rules to Select Cluster Heads 

Distance from the 

Base-Station 
Resume Energy 

Possibility to be 

CH 

Far Low Vsmall 

Mid Low Small 

Near Low Rsmall 

Far Mid Smid 

Mid Mid Mid 

Near Mid Vmid 

Far High Slarge 

Mid High Large 

Near High Vlarge 

 

The Table 2 shows that a sensor node that has a greater 

distance from the base station and less residual energy 

has the lowest possibility to be a CH. On the other hand, 

a sensor node that has a lower distance from the base 

station and high residual energy has the highest possibil-

ity to be a CH. 

 

 
(a) 

 

 
(b) 

Fig 4. (a) Implementation of Fuzzy Rules (b) The Fuzzy Rules Viewer 

As shown in Figure 4, we implement fuzzy rules and 

find the possibility of each node to be a CH. We select a 

node as a CH which has the maximum possibility among 

all cluster members. Then we also select CHLs among all 

CHs using the same process. 

C.  Data Transmission Process 

The cluster members are chained by finding a shortest 

energy path of each member. These shortest energy paths 

are selected by applying the Dijkstra algorithm to trans-

mit data from each cluster member to CH and then all 

CHs to the CHLs in the network field. Finally, CHLs 

send data to the BS according to their shortest energy 

paths.  

 

V.  RESULT AND ANALYSIS 

We technically simulate this protocol by Fuzzy Infer-

ence Engine as shown in Figures 3 and 4. After that, we 

observe several results of this simulation. The simulation 

results of this study are shown for a few rounds, 
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Fig 5. Network field scenario of first round 

Figure 5 shows the scenario of the network field for 

first round where different clusters are defined by differ-

ent color and also shows the CH of each cluster. Moreo-

ver, it shows the CHLs of the network in the first round 

to transmit data to the BS. 

 

 
(a) 

 

 
(b) 

Fig 6. (a) Network field scenario after round 200. (b) Network field 
scenario after round 300. 

The network field scenario after round 200 and 300 are 

shown in Figure 6 (a) and (b) respectively. Figure 6 (a) 

shows CHs of different clusters and CHLs of the network 

in round 200. It also shows CH nodes and CHL nodes are 

changed based on their highest resume energy and mini-

mum distance from the base station using fuzzy logic and 

fuzzy rules. Figure 6 (b) also shows CHs of different 

clusters and CHLs of the network in round 300. The 

changes of CH nodes and CHL nodes also take place in 

this round.  

A.  Performance Evaluation of FEMCHRP Protocol 

The results of this study are compared with BCDCP, 

CELRP and ECHERP protocol in the same heterogene-

ous setting to evaluate the performance of the study. We 

use three matrices to analyze and compare the results: 

Network lifetime, Energy dissipation and Energy resume. 

We define the network lifetime as the number of rounds 

made by a node to the first node exhausts all of its energy 

in the network. One round defines the operation begin-

ning of the cluster formation up until the final BS re-

ceives all data from the CHLs. 

A1.  Average Energy Dissipation for Several Rounds  

In WSN, the average energy dissipation is an im-

portant measurement to compare the protocols. In this 

subsection, a graph is shown in Figure 7 is performed to 

calculate the average energy dissipation over several 

rounds. We observe that, the protocol significantly re-

duces energy consumption. Since it uses an alternative 

method to select the CH based on the location and the 

residual energy of nodes. Moreover, the uses of multi hop 

for transmission data in each cluster also resulted in a 

more efficient energy usage and less consumption of en-

ergy for both intra and inter cluster data transmission in 

our protocol. 

The line graph of Figure 7 shows that the reduction in 

the average energy dissipation can be obtained by about 

48% higher than BCDCP, 41% than ECHERP and 36% 

than CELRP which means that the FEMCHRP consumes 

about 48% less than BCDCP, 41% than ECHCRP and 36% 

less than CELRP. The graph curve also shows that the 

dissipation that varies between rounds of FEMCHRP is 

higher than BCDCP, CELRP and ECHERP. 

 

 
Fig 7. A comparison of FEMCHRP’s Average Energy Dissipation with 

BCDCP, CELRP and ECHERP
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According to the discussion, the protocol shows a bet-

ter performance than BCDCP, CELRP and ECHERP in 

terms of energy consumption. 

A2.  Number of Nodes Alive over Several Rounds 

Another important issue in WSN is the number of 

nodes alive over several rounds. In this subsection, the 

Figure 8 presents the number of lifetimes of nodes which 

means the numbers of round until the first node dies for 

our protocol. Figure 8 also shows that it is higher than 

BCDCP, CELRP and ECHERP. 

We also note that the lifetime starts decreasing at 

round 150 in BCDCP, at round 200 for ECHERP and at 

round 320 for CELRP while in the case of FEMCHRP 

the decrease only starts after more than 410 rounds. We 

calculated that in BCDCP the node died, 39% faster, in 

ECHERP the node died, 27% faster and in CELRP the 

node died 17% faster than FEMCHRP. That means an 

average number of live sensor nodes in FEMCHRP is 39% 

higher than BCDCP, 27% higher than ECHERP and 17% 

higher than CELRP. 

 

 

Fig 8. A comparison of FEMCHRP’s system lifetime with BCDCP, 

CELRP and ECHERP 

Therefore, it has been shown that FEMCHRP is better 

in prolonging network lifetime compared to the BCDCP, 

CELRP and ECHERP. It should also be noted that the 

graph of FEMCHRP is smoother than the BCDCP, 

CELRP and ECHERP. 

A2.  Average Residual Energy in Several Rounds 

We measure the average residual energy of our net-

work and compared these results to BCDCP, CELRP and 

ECHERP. We observe that the residual energy of the 

network is higher than other protocols. 

Figure 9 represents that the reduction in average ener-

gy residual can be obtained by 42% higher than BCDCP, 

22% than ECHERP and 10% than CELRP which means 

that the FEMCHRP consumes about 42% less energy 

than BCDCP, 22% less than ECHERP and 10% less than 

CELRP. Figure 9 also shows that the dissipation that 

varies between rounds of the protocol is higher than 

BCDCP, CELRP and ECHERP. Therefore, it has better 

performance than BCDCP, CELRP and ECHERP in 

terms of energy efficiency as well as able to prolong the 

network lifetime of sensor nodes. 

 

 

Fig 9. A comparison of FEMCHRP’s Average Residual Energy with 
BCDCP, CELRP and ECHERP 

After observing and analyzing different simulation re-

sults, we get a set of decisions which can make this pro-

tocol better than BCDCP, CELRP and ECHERP. These 

decisions lead to the conclusion. 

 

IV.  CONCLUSION 

In this paper, we present a set of observations with re-

gard average energy dissipation, network lifetime and 

average residual energy of the proposed network. The 

recapitulations of this study are discussed below. First, 

this network consumes less energy to transmit total ag-

gregated data to the Base Station than other protocols. Its 

average energy dissipation is much lower than BCDCP, 

CELRP and ECHERP. Second, the network lifetime 

starts decreasing after more than 410 rounds, which is 

much higher than other protocols and means that this 

protocol is better than other protocols in terms of network 

lifetime. Finally, the average residual energy of the study 

is high which also means that it transmits more data than 

other protocols. It also concludes that, this proposed pro-

tocol is an energy efficient protocol, which prolongs the 

network lifetime effectively.  

The future work can be addressed as to consider the 

delay of the system. In addition, we also plan to design a 

heterogeneous network where it can have several Base-

Stations that communicate together and use this protocol 

which selects multiple Cluster Heads using fuzzy logic 

and uses these Cluster Heads to transmit data to the Base 

Stations. 
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