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ABSTRACT

Energy preservation is one of the most important research challenges in Wireless Senor Networks (WSNSs). In recent
research, topologies and architectures have investigated that allow energy efficiency in WSNs. Clustering is one of the
most famous energy efficient techniques. In clustering, the selection of cluster head (CH) and short distance multi-hop
energy efficient communication between CH and base station (BS) plays a vital role in order to achieve the desired energy
efficiency in the sensor network. In this energy saving solution, we purpose and combine the idea of fuzzy logic based CH
selection and multihop short distance communication between CH and base station in order to prolong the stable period
and life span of network. Our proposed routing protocol, Fuzzy Logic based Multihop Energy Efficient Routing Protocol
(FMEEP) for Heterogeneous WSN, which uses fuzzy logic inference system (FIS) in order to select a qualified CH in the
cluster formation process and minimizes the overall energy dissipation in the sensor network. The simulation results have
shown that purposed routing scheme outperforms in terms of stability period and network lifetime as compared to previous
routing protocols.

Keywords

Heterogeneous Wireless Sensor Network (HWSN), Fuzzy Logic, Clustering, LEACH, SEP, Stability Period, Network
Lifetime.

Academic Discipline And Sub-Disciplines

Computer Science, Computer Networks, Hetrogeneous Wireless Sensor Network, Clustering;

SUBJECT CLASSIFICATION

Energy Efficient Clustering Based Routing Protocols, Aritificial Intellegnece

TYPE (METHOD/APPROACH)

Novel Routing Approach For Hetrogeneous Wireless Sensor Network.

1. INTRODUCTION

Recent advances in microelectronics and wireless communication, the Wireless Sensor Networks (WSNs) have attained
more attention worldwide. Recent advances in Micro-Electro-Mechanical Systems (MEMS) technology results the
development and advancement of smart sensors. A WSN is collection of smart sensor nodes, which are deployed to
monitor the environmental or physical conditions, such as sound, motion, weather, temperature, vibration, pressure or
pollutants. The sensor nodes have the capability to sense, gather and measure the information and also able to
communicate with each other. The sensed data is forwarded to sink via possible multihop communication. In the sensing
field the nodes can be stationary or mobile. WSNs are used in many industrial application areas, including healthcare
application, home automation, industrial process control, industrial process monitoring, tracking vehicle, environment
monitoring, power monitoring health monitoring, and habitat monitoring [1][2]. Heterogeneous wireless sensor networks
have become more popular because of the advantages of using HWSN with different resources in order to meet the
demands of various applications which have been studied in the recent literature [3][4].

The important challenges in the organization of wireless sensor network are energy efficiency, stability and improvement
in network life time because the sensor nodes are limited in energy, storage capacity and computational power. The
battery of the sensor nodes cannot be changed or recharged due to their dense deployment in the harsh environment.
Because sensor nodes have limited energy, so it is important to introduce the energy techniques in order to extend the
lifetime of WSNs [5].

Clustering is an efficient technique to address the challenges related to energy consumption and scalability. Due to this, it
has been exploited in various sensor applications. The clustering is very useful strategy in order to achieve many goals
such as uniform energy consumption, energy efficient operations of WSN, enhancement of network life time of WSN and
minimizing the number of sensor nodes that communicate with BS. Optimal cluster formation is necessary in order to
achieve energy efficient operation and to ensure the balanced energy dissipation in the network. Cluster based routing
techniques are very helpful in solving the sensor nodes energy constraints by reducing the cost of data aggregation and
transmission of sensed data before transmitting to sink or base station [6]. In clustering, the sensing region is divided in a
hierarchical way to create the clusters and communications between clusters are controlled by elected cluster heads.
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Cluster heads can be selected randomly or by an election among the nodes using a probability schemes. Centralized
controlled method can also be used to select the cluster heads. By this energy load can be balanced in sensor network. In
sensor networks, the energy can be saved by using heterogeneity without sacrificing the performance. The clustering
approach can be divided into two layers. The first layer is used for selecting the cluster and second layer for routing in
WSN. Heterogeneity in sensor nodes can be divided into three types: energy heterogeneity, computational heterogeneity
and link heterogeneity [7]. Clustering is widely used by various researchers in the various types of routing such as
evolutionary [8], grid [9] and geometric [10] based routing in both homogenous [11] and heterogeneous [12] wireless
sensor networks.

In recent research, topologies and architectures have investigated that allow energy efficiency in WSNs. Clustering is one
of the most famous energy efficient techniques. In clustering, the selection of cluster head (CH) and short distance multi-
hop energy efficient communication between CH and base station (BS) plays a vital role in order to achieve the desired
energy efficiency in the sensor network. In this work, we present the fuzzy logic technique to the election of cluster heads
and combine with short distance multi-hop energy efficient communication approach from CHs to BS in order to achieve
the desired energy efficiency in the sensor network. In this paper, we propose and examine a novel routing protocol which
is called Fuzzy Logic based Energy Multihop Efficient Routing Protocol (FMEEP) for Heterogeneous WSN. FMEEP uses
fuzzy logic inference system (FIS) in order to select a qualified CH in the cluster formation process and minimizes the
overall energy consumption in the sensor network. The node’s qualification for being a CH is examined through its
physical parameters such as its residual energy; its distance from CH and its proximity to base station. Based on these
physical parameters, each node applies fuzzy rules in order to determine whether to become a CH in each round. The
nodes with high residual energy, normalize distance from CH and closer to base station have more chances to become a
CH in each round. So, we consider three inputs descriptors in the fuzzy system such as residual energy (RE), distance
between sensor node and CH (node-CH) and distance between CH and base station (CH-BS). Finally, for data
transmission, FMEEP uses short distance multi-hop energy efficient communication approach from CHs to BS in order to
achieve the desired energy efficiency in the sensor network. The simulation results have shown that purposed routing
scheme outperforms in terms of stability period and network lifetime as compared to previous routing protocols. Rest of
the paper is organized as follows. In section 2, we will discuss the related work to former cluster based routing protocols.
In section 3 we present the system model and section 4 describes the proposed routing protocol. The simulation
performance parameters are discussed in section 5. In section 6, we present simulation setup and result discussion. In
Section 7, we conclude the paper with our final remarks.

2. RELATED WORK

Recent advances in microelectronics and wireless communication, the Wireless Sensor Networks (WSNs) have attained
more attention worldwide. Recent advances in Micro-Electro-Mechanical Systems (MEMS) technology results the
development and advancement of smart sensors. Clustering schemes are divided into two types: one approach is
homogenous network and other one is heterogeneous network. All nodes are of the same type in homogenous network
while in heterogeneous network it is not the case. In recent research, a lot of cluster based routing algorithms have been
proposed for sensor network. LEACH (Low Energy Adaptive Clustering Hierarchy) [11] is one of the first classical
homogenous cluster based routing protocol which uses an adaptive approach for the cluster head selection and formation.
LEACH is cluster head single-hop routing protocol. SEP (Stable Election Protocol) [12] is a heterogeneous routing protocol
which improves the network stability period and longevity of the network. SEP deals with two types of nodes such as
normal and advance nodes. These nodes have their own election probability. MREEP [13] uses a multihop short distance
communication between CH and BS in order to achieve the energy efficiency in sensor network. TMEEP [14] is reactive
protocol. TMEEP combines the idea of threshold sensitive based data collection and short distance multihop
communication for achieving the best performance in terms of energy consumption and network lifetime. ZEEP [15]
reduces the inter cluster and intra cluster distance and efficient utilization of total coverage area in order to enhance the
network lifetime. DEEC [16] is a distributed energy efficient clustering protocol for HWSN. In DEEC the selection of CHs
depends upon the residual energy of sensor nodes and average energy of sensor network. While, EDEEC [17] uses three
types of sensor nodes and selection of the CHs depends upon the residual and average energy of the sensor network in a
round. EEHC [18] is an energy efficient heterogeneous clustered routing scheme for heterogeneous networks. EEHC uses
powerful node setting and increased the network life by 10% compared to LEACH protocol. EEHC is a SEP-based routing
scheme and a stable probability based election has been conducted among the sensor nodes for selection of CH. MCR
[19] is an improved version of EEHC protocol MCR builds the multihop path to reduce the energy consumption in a sensor
network. DBCP [20] is an energy efficient routing protocol for HWSNS. In this routing scheme the selection of CH is based
upon the residual energy and average distance. The Gupta Fuzzy Logic Protocol [21] is based on fuzzy logic approach in
order to select the cluster heads. In this protocol, three descriptors are used as input parameters into Fuzzy Inference
System (FIS) designer such as: energy level, concentration and centrality, each divided into three levels and one output
which is called chance, which is divided into seven levels. This protocol is mainly based on LEACH protocol and the main
difference between these two protocols lies in the setup phase, where the BS need to collects energy level and location
information for each node. CHEF (Cluster Head Election mechanism using Fuzzy Logic in WSNs) [22] is based on fuzzy
logic technique in order to enhance the life span of sensor network. The protocol is similar to GUPTA protocol but in this
approach BS does not needs to collect the information from all sensor nodes. CHEF uses fuzzy logic approach in the
election of CH instead of localized CH election mechanism. LEACH-FL [23] (Improving on LEACH Protocol of Wireless
Sensor Networks Using Fuzzy Logic) is based on Fuzzy Logic Approach to improve the LEACH protocol, by considering
three different descriptors: energy level, node density and distance between the CH and BS. The proposed model is same
as the Gupta protocol but the main difference between these two protocols lies in the setup phase, where it considers
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different parameters to apply in the designed FIS to obtain the fuzzy output for each node. In FSEP-E [24] (Enhanced
Stable Election Protocol based on Fuzzy logic), the author improved the existing SEP-E [25] by using fuzzy logic approach
in order to enhance the energy efficiency in the sensor network.

3. SYSTEM MODEL AND ASSUMPTIONS

This section presents the system model of the proposed routing scheme. Let n be the number of senor nodes randomly
deployed in 100 x100 square meter sensing area. There are two types of sensor nodes used i.e. normal and advance
nodes. Advance nodes are equipped with more initial energy than normal nodes. Let EO is the initial energy of the normal
nodes and EO x (1+ a) be the initial energy of m fraction of the advance nodes, where a means that advance nodes
contain a times more initial energy than normal nodes (1-m)n [12]. Total Initial energy of HWSN model is given by:

Eiotat = N.Eo(1 —m) + N.m(1 + a)E,

Etota = N(1 + am)E, €Y)

d

-

Er (L d) X X
L bit Paclkets L bit Packets
Transmit Tx | Receive
— El . — | . lifi El i —
Eac * L Eumg * L *d" Eae * L

Figure 1: Radio Energy Dissipation Model

In our work, we use the radio energy dissipation model similar to [11]. The radio energy dissipation model is shown in the
figure 1. Free space and multipath fading channel are used in this energy model. If the distance between transmitter and
received is less than a threshold value then free space model is used otherwise multipath loss model is used. The amount
of energy required to transmit L bits message over a distance d from one node to another node is given by:

L X Elec+L X Epg xd?if d <d,

2
L x Elec+L X Ep, xd*if d <d, )

Ery(L,d) = {
Elec is the dissipated energy to run the transmitter or receiver. The parameters E¢ and Ep,, is the amount of energy
dissipation which depends upon the distance dO which is given by:

E
do= |-= 3
0= Jim ®)
In SEP [12] the energy dissipation for cluster head to sink is fixed regardless of the distance while in our purposed routing
scheme energy is dissipated according to the distance from cluster head to sink. In order to verify our results we have
modified the energy dissipation in SEP in order to incorporate consideration of distance from cluster head to sink. To
receive the L bits message, dissipated energy is defined as:

Erx(L) = L. Ery_ciec Q)]

In this paper, our sensor network consists of n sensor nodes which are randomly deployed in the sensing region in order
to continuous monitor the environment. Now we describe some assumption for our proposed routing protocol:

e The sensor network consists of heterogeneous sensor nodes.

e Sensor nodes are deployed randomly in the sensing field.

e The base station is stationary and located at the center of sensing field.

e All sensor nodes are stationary after once deployed.

. The sensor nodes are capable to adjust the transmission power according to the receiver of the nodes.
e The distance between nodes can be measured based on the wireless radio signal power.
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4. PROPOSED FMEEP: FUZZY LOGIC BASED MULTIHOP ENERGY EFFICIENT
ROUTING PROTOCOL

This section presents the system model of the proposed In this section, we introduce FMEEP, which uses fuzzy logic
approach to evaluate the selection of cluster head. FMEEP uses fuzzy if-then rules to enhance the life span of wireless
sensor networks.

4.1 Fuzzy Inference System

This section presents the system model of the proposed In this section, we introduce FMEEP, which uses fuzzy logic
approach to evaluate the selection of cluster head. FMEEP uses fuzzy if-then rules to enhance the life span of wireless
sensor networks. The concept of fuzzy logic was put forward by Dr. Lotfi Zadeh in 1965. Fuzzy logic is not only a control
methodology but also way of processing data on the basis of authorizing membership in small groups rather than
membership in cluster groups. This logic is the mathematical representation of the formation of human concepts and of
reasoning concerning concepts [26]. Fuzzy logic is logical system, which derived from fuzzy set theory [27] dealing with
reasoning that is approximate rather than precisely deduced from classical predicate logic. In this work, we used Mamdani
fuzzy inference method for fuzzy inference technique due to its ease. Fuzzy logic system is consisted of a fuzzifier, fuzzy
inference machine, defuzzifier and a rule base [28]. Our FIS model for FMEEP is shown in figure 2. In fuzzy logic world,
the numeric data is expressed into word language known as membership function of input variable. In our fuzzy system,
we have three input linguistic variables such as residual energy (RE), distance (node-CH) and distance (CH-BS), with
universe of discourse [0...10], [0...10], and [0...100] respectively in order to select a qualified CH in the cluster formation
process as shown in figure 3. The output linguistic parameter (fithess value) with universe of discourse [0...1] is the
probability of CH selection. Our fuzzy system uses five membership function for each input and output variable as show in
figure 4.

XXXX

Residual Energy (RE) (5)

FMEEP

W franent

Distance (node-CH) (5)

XXXX

Distance (BS-CH) (5) System FMEEP: 3 inputs, 1 outputs, 125 rules

125 rules

Fitness Value (5)

Figure 2 Fuzzy Model Architecture
4.2 Generation of Fuzzy Rule Base

In this section, we introduce FMEEP, which uses fuzzy logic approach In this part, we initiate FMEEP that uses fuzzy if
then rule to enhance the lifetime of WSNs. In our proposed fuzzy system, we use trapezoidal and triangular membership
functions for three input linguistic variables. Thus, we used a total number of 5°=125 fuzzy if-then rules for fuzzy rule base
in order to find the probability of CH, as shown in Table 1-5. The fuzzy rule base currently includes the rules like the
following: If RE is Very High and distance (node- CH) is Close and distance (CH-BS) is very Close Then the Fitness Value
is Very Fit. All these rules are processed by fuzzy inference machine and we can get the fuzzy variable probability. At the
end, the defuzzification process transforms this fuzzy variable in order to get a single crisp output value. The center of
gravity method for defuzzification as given by:

g (0).x
2pa (x)
Where, pA(x) is membership function of fuzzy set A.

COG= 5)
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Residual Energy (RE)

<
«

Rule Base

«

z g
Distance (node—CH): ? Fuzzy I nference Fuzzy - ::3 Fitness Value
= Inputs Machine Outputs =
Distance (CH-BS) = =
Figure 3 Proposed FIS model for FMEEP
Table 1 Fuzzy IF/THEN rules when energy is Very Low
H) V. Close Close Medium Long V. Long
D(BS)
V. Close Normal Poor Poor V. Poor V. Poor
Close Normal Poor V. Poor V. Poor V. Poor
Medium Poor V. Poor /. Poor V. Poor V. Poor
Long Poor V. Poor V. Poor V. Poor V. Poor
V. Long V. Poor V. Poor V. Poor V. Poor V. Poor
Table 2 Fuzzy IF/THEN rules when eneragy is Low
D(Bs;-D V. Close Close Medium Long V. Long
V. Close Normal Normal Poor V. Poor V. Poor
Close Normal Poor V. Poor V. Poor V. Poor
Medium Normal Poor V. Poor V. Poor V. Poor
Long Poor /. Poor V. Poor V. Poor V. Poor
V. Long V. Poor V. Poor V. Poor V. Poor V. Poor
Table 3 Fuzzy IF/THEN rules when energy is Medium
D(Bs;-D V. Close Close Medium Long V. Long
\/. Close Fit Fit Fit Normal Normal
Close Fit Fit Normal Normal Poor
Medium Fit Fit Normal Poor Poor
Long Normal Normal Normal Poor V. Poor
V. Long Normal Normal Poor V. Poor V. Poor

4.3 Multihop Routing Approach

Finally, for data transmission, FMEEP uses short distance multi-hop energy efficient communication approach from cluster
heads to base station in order to achieve the desired energy efficiency in the sensor network. The multi-hop approach is
used for cluster heads that exceed the communication threshold, d > dO, to base station. In this multihop strategy, each
cluster head uses greedy forward approach and forward packets towards the BS.
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Table 4 Fuzzy IF/THEN rules when energy is High

D(Bs;_l) V. Close Close Medium Long V. Long
V. Close V. Fit V. Fit Fit Normal Normal
Close V. Fit V. Fit Fit Poor Normal
Medium V. Fit V. Fit Fit Poor Poor
Long Fit Fit Normal V. Poor V. Poor
V. Long Normal Normal Normal V. Poor V. Poor
Table 5 Fuzzy IF/THEN rules when energy is Very High
H) V. Close Close Medium Long V. Long
D(BS) ' '
V. Close V. Fit V. Fit V. Fit Normal Normal
Close V. Fit V. Fit V. Fit Normal Normal
Medium V. Fit V. Fit Fit Normal Poor
Long V. Fit Fit Fit Poor V. Poor
V. Long Fit Fit Fit Poor V. Poor
1 MeryLow "Low T Medium T High™  VeryHi 1 [Aery Close Clgse T Medium Long"™ Very Lon
0.8+ ] o8l
06+ i 06}
0.41 1 04}
0.2 1 02
(o] - 0 - - - -
0 2 4 6 8 10 0 2 4 6 8 10
Residual Energy (RE) Distance(node-CH)
1=Very Close Clgse T Medium T Long "Very Long 1 yery Poor "Poor Normal Fit Very Fi
0.8+ E 0.8F
06 k 0.6
041 q 04
02 B 0.2
0 - : - ‘ 0 : ‘ - ‘
0 20 40 60 80 100 o] 0.2 0.4 0.6 0.8 1

Distance (CH-BS) Fitness Value

Figure 4 Membership graph for three inputs variables (Residual Energy (RE), Distance (node-CH), Distance (CH-
BS)) and one output variable (Fitness Value)

5. SIMULATION PERFORMANCE PARAMETERS

In this work, the following performance measurement parameters are used to evaluate the performance of proposed
routing algorithm. Detail of these parameters is as follow:

1) Stability period: Stability Period can be defined as the time interval from when the network
operation starts until death of first node.

2) Instability period: Instability Period can be defined as the time interval starting from the death
of first node till death of last node.

3) Network lifetime: Network lifetime can be defined as the time interval between the network
operation start until the death of last node.

4) Network Remaining Energy: It will measure the total remaining total energy of the network.

5) Throughput: Throughput will measure the total number of packets which are sent to BS.
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6. SIMULATION PERFORMANCE PARAMETERS

In this section, we evaluate the performance of purposed routing scheme by introducing various parameters of
heterogeneity. We use 100 x 100 square meter sensing region of 100 sensor nodes. Sink is located in the middle of
sensing field. We compare it with LEACH and SEP in the same heterogeneous setting, where extra initial energy of
advance nodes is uniformly distributed over the sensor field. The other key parameters used in simulation are given below
in the Table 6.

Table 6 Simulation Parameters

Parameters Value
Simulation Area 100m x 100m
N 100
Eclec 50nJ/bit
Epa 5nJ/bit/message
Emp 10 pd/bit/m’
Efs 0.0013 pJ/bit/m?
E, 0.5
Popt 0.1
do 87.7m
Packet size 4000bits

We performed the simulations for a = 4, m=0.3 and Popt = 0.1 where « is extra energy factor, m is the percentage of
advance nodes and Popt is the optimal probability of a node to become CH. In our simulations, the number of rounds is
equal to 12000. In Table 7, we can verify that stability period has increased in our proposed FMEEP as compared to
LEACH and SEP. In the LEACH and SEP, the death of first node occurs at 626" round and 1232"™ round respectively
while in FMEEP first node died at 1510" round.

Comparison of Alive Nodes Comparison of Dead Nodes
100 T T T T T 100 i T
FMEEP FMEEP
90| SEP 90F SEP ||
sol LEACH | | 80L- LEACH ||
70+ B 70F B
%] L 4
g 80 § 60
Z 50t Z 50 :
L ey
= @
< 40 & 4o0r ]
30 1 30+ .
201 R 20+ 4
10 1 10+ 4
0 ! - 0 . . . . . s
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
Rounds Rounds
Figure 5 Comparison of Alive Nodes Figure 6 Comparison of Dead Nodes

We can verify that the stability period of network has enhanced in the case of FMEEP as compare to LEACH and SEP
because FMEEP uses fuzzy logic based mechanism in order to select the most qualified CH and more balanced energy
efficient operations in the sensor network. Figure 5 shows the number of alive nodes and it is clearly shown that FMEEP
outperforms in terms of stability period as compared to LEACH and SEP. In Table 7, we can observe that FMEEP has
significantly enhanced the instability period of the network as compared to LEACH and SEP. In LEACH and SEP all nodes
died at 6990" round and 7279" round respectively while in FMEEP all nodes died at 9245" round. It is thus clear that the
instability period of network has improved in the case of FMEEP as compare to LEACH and SEP as shown in Figure 6.
The results show that FMEEP improves total network lifetime by 33 % compared to LEACH and 27 % as compared to
SEP.
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Table 7 Comparison of Results

Rounds Nodes LEACH SEP FMEEP
1st Dead 626 1232 1510
12000
Last Dead 6990 7249 9245

Figure 7 shows the comparison of total remaining energy of network in each round and we can observe that total

remaining energy in joules is more in FMEEP as compared to LEACH and SEP.

Comparison of Total Remaining Energy

120 T T

100

80

60F

40

20

Total Remaining Energy in Joules

—— FMEEP 4
—— SEP
—LEACH || 35r

Throughput (Number of Packets Sent to Sink)
N

0 L
0 2000 4000 6000

8000

Rounds

10000 12000

14000

1 L
0 2000 4000

Figure 7 Comparison of Total Remaining Energy

x10°

Comparison of Throughput

T T T

——— FMEEP
——SEP
—— LEACH

. . . .
6000 8000 10000 12000 14000
Rounds

Figure 8 Comparison of Throghput

In Figure 8, we can see that FMEEP has enhanced the throughput of the network as compared to LEACH and SEP. The
results show that the total number of packets sent from CHs to sink is higher in the case of FMEEP as compared to
LEACH and SEP. Our simulation results prove that the throughput of FMEEP is higher than LEACH and SEP.

Figure 9 depicts the surface plot among the two input variables residual energy (RE) and distance (CH-BS) and output
variable Fitness Value. We can see that input variable parameters of the nodes have different effect on the output
variable. As the residual energy increased and the distance to BS decreased, the node is more probable to become a CH.
Figure 10 shows that as residual energy is increases and the distance to CH decreases the probability of node to become
a CH also increased. Hence, the simulation results clearly show that FMEEP provides best performance characteristics as
compared to LEACH and SEP in terms of network lifetime, stability and throughput.

Distance (CH-BS)

Residual Energy (RE)

Distance (node-CH)

Residual Energy (RE)

Figure 9 Surface plot of Distance (CH-BS) and Residual

Energy (RE)
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7. CONCLUSION

In this paper, we proposed a novel fuzzy logic based cluster head election mechanism with energy-optimized multihop
routing in order to achieve the energy efficiency in HWSN called FMEEP. The simulation results proved that the purposed
routing protocol, FMEEP, significantly increased the stability period, network lifetime and throughput of the sensor network
as compared to SEP and LEACH in heterogeneous environment. This is because each node determines its fitness value
based on residual energy, distance (node-CH) and distance (CH-BS) in order to elect a qualified CH. The simulation
results indicate that FMEEP can balance the overall energy consumption of the entire sensor network and extend the
network lifetime. Moreover, in future work, we can improve this study in order to find the optimal fuzzy set and to compare
the enhanced version of FMEEP with other clustering protocols.
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