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Abstract— Sensor nodes in wireless sensor network (WSN) 

are powered by a battery. Sensor nodes consume the battery 

power mainly in the tasks like data transmission, data 

reception, and sensing. Sometimes it is impractical to replace 

a battery in WSN because humans can’t reach. Therefore 

once energy or computational resources are consumed, 

immediate recovery of these resources is a complex task so it 

is necessary to make use of battery power efficiently to 

increase the lifetime of the sensor nodes that will also 

increase the lifetime of the whole network. To make WSN 

energy efficient and to increase the lifetime of the network 

we design a Fuzzy Logic based clustering approach in a 

heterogeneous environment. Grey Wolf Optimized (GWO) 

clustering probability is also proposed so as to find a method 

which increases the lifetime and reduces the energy 

consumption of the network. The execution and 

demonstration of this work are performed with the help of 

MATLAB 2014a. The performance comparison metrics are; 

network lifetime, network throughput and number of alive 

nodes. 
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I. INTRODUCTION 

Wireless sensor network have stirred up the world of wireless 

communications. Figure 1 shows a WSN which uses high-

frequency radio waves rather than wires to communicate 

between nodes, is another option for home or business 

networking [1]. Individuals and organizations can use this 

option to expand their existing wired network or to go 

completely wireless. Wireless allows for devices to be shared 

without networking cable which increases mobility but 

decreases range. 

 There are two main types of wireless networking; 

peer to peer or ad-hoc and infrastructure. An ad-hoc or peer-

to-peer wireless network consists of a number of computers 

each equipped with a wireless networking interface card [2]. 

Each computer can communicate directly with all of the other 

wireless enabled computers. An infrastructure wireless 

network consists of an access point or a base station. In this 

type of network the access point acts like a hub, providing 

connectivity for the wireless computers. 

 
Fig. 1: Wireless Network [3] 

 Wireless Sensor Networks (WSNs) have emerged in 

the last few years providing a rich set of environmental 

information with a wide variety of useful applications. 

Hierarchical routing is to efficiently maintain the energy 

consumption of sensor nodes [4]; by involving them in 

multihop communication within a particular cluster [5]; and 

by performing data aggregation and fusion in order to 

decrease the number of transmitted messages to the sink [6] 

[7]. The research work has shown that the sensor networks 

that consist of identical sensors with equal capacity of 

sensing, computation, communication, and power is termed 

as Homogeneous. And if more than one type of sensors are 

used within a same network that is termed as Heterogeneous. 

II. PROBLEM DEFINITION 

This section describes the problem statement, which consists 

of deploying a wireless network that allows us to maximize 

the coverage of the different sensors for indoor environment, 

that is, it is an internal model in which we need to find the 

minimum number of active sites, so that the connection to at 

least a percentage P of the users is allowed. This percentage 

should be the maximum possible to guarantee an adequate 

service and be able to consider that the algorithm works in an 

adequate manner. In the model presented, we cannot place the 

access points arbitrarily, they must place feasible points, 

which will then be optimized to obtain a better coverage with 

a smaller number of them. This model is the basis for other 

models that seek to optimize the access points, because it does 

not present problems with coverage and also allows taking 

into account parameters such as coverage and capacity. But it 

should be emphasized that the allocation of channels has been 

neglected, assuming the use of different channels, although 

this parameter could be implemented without any problem in 

this algorithm. 

 For this we have used a clustering algorithm that 

allows us to optimize the feasible points in an appropriate 

manner. With this algorithm, different parameters or 

restrictions are played depending on the internal area where 

you want to implement it; In addition, the different equipment 

that will be used must be taken into account. 

 If we suppose that we have an indoor zone in which 

we will locate several points that will allow us to connect to 

different sensors, then first we must establish different 

feasible points considering the location of the sensors, in 

order to later find the points of access, which are considered 

as those that allow connectivity to the sensors but using a 

coverage radius; in addition to the capacity of them, which is 

limited by the number of sensors that can be reached 

simultaneously. 

 If we consider that we have N number of sensors 

located inside a house, and in the same way, M possible 

locations, that is, feasible points. The feasible points are all 

those places where our access points can be located, but they 
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will not necessarily be located in those points. In addition, 

those sensors that are within a distance R of at least one access 

point will be considered as covered sensors and possible 

active sites, while the access points have a C capacity that 

allows them to attend a certain number of sensors 

simultaneously. All these possible variables must be taken 

into account when using this algorithm to obtain an adequate 

optimization. 

III. PROPOSED METHOD 

A. Low-Energy Adaptive Clustering Hierarchy (LEACH) 

During the configuration phase, randomly generated cluster 

head, the random number is selected in a range between 0 and 

1 in each sensor node, if the selected number is smaller than 

some threshold 𝑇(𝑛), then the node is selected as the head of 

the cluster. Formulas of 𝑇(𝑛) as follows [8]: 

𝑇(𝑛) − ∫
𝑝

1−𝑝[𝑟 𝑚𝑜𝑑 (
1

𝑝
)]

𝑛

0
 with 𝑛 ∈ 𝐺               (1) 

 Where, 𝑝 is the percentage of the number of cluster 

headers and the total number of nodes in the network, 𝑟 is the 

number of the current round, 𝐺 is the set of cluster nodes 

except the cluster head of the last rounds 
1

𝑝
. Then, the header 

node of the cluster transmits the message that it is becoming 

a cluster head in the entire network, each node decides to join 

that cluster according to the intensity of the received 

information and responds to the corresponding cluster header. 

Then, in the next phase, each node uses the TDMA method 

to transmit data to the cluster header node, the cluster head 

sends the fusion data to the receiving node. Among the 

clusters, each cluster competes with the communication 

channel with the CDMA protocol. After a period of stable 

phase, the network enters the next round of the cycle again, 

continuous cycle. 

 The randomly selected group header method avoids 

excessive power consumption, improves network life, data 

fusion reduces traffic effectively, but the protocol still uses 

jump communication, although the transmission delay it is 

small, the nodes require high power communications, the 

expansion is deficient, it is not suitable for large scale 

networks; even in smaller networks, the nodes furthest from 

the receiving node communicating with each other at high 

power can lead to a shorter survival time; frequent selection 

of the cluster head will lead to the cost of energy traffic. 

B. GWO Optimized Cluster Head Election Probability 

Let 𝑛𝑎𝑙𝑖𝑣𝑒  represents the number of alive nodes with residual 

energy greater than the threshold energy and 𝑝 be the 

clusterhead election probability, then the optimum number of 

CH elected for a given round will be: 

𝑃𝑜𝑝𝑡 = 𝑛𝑎𝑙𝑖𝑣𝑒 ∗ 𝑝                               (2) 

Here 𝑃𝑜𝑝𝑡  is optimized using Grey Wolf Optimization, which 

is described as: 

The GWO algorithm simulates the natural behaviour of a mob 

of wolves to hunt its prey. Within the wolves different 

categories are distinguished as in a more forceful way in the 

search space. The pseudo-code is presented in GWO 

Algorithm. At the end of the execution, the best individual is 

going to be starts with a value of 2 and decrementing along 

the evaluations until they reach 0. They help the candidate 

solutions, moving them in the search space. The key to the 

algorithm is found in the function updateposition(..) (See line 

no.8 of GWO Algorithm) which is defined as [9]: 

�⃗�𝑙𝑖 =
�⃗⃗�1+�⃗⃗�2+�⃗⃗�3

3
                             (3) 

Where each �⃗�1, �⃗�2 and �⃗�3 is obtained as follows: 

�⃗�1 = |�⃗�𝛼 − 𝐴𝑎 ∗ �⃗⃗⃗�𝛼|, �⃗�2 = |�⃗�𝛽 − 𝐴𝛽 ∗ �⃗⃗⃗�𝛽|, �⃗�3 = |�⃗�𝛿 − 𝐴𝛿 ∗

�⃗⃗⃗�𝛿| (4) 

To determine �⃗⃗⃗�𝛼, �⃗⃗⃗�𝛽 and �⃗⃗⃗�𝛿, used in equation (4), the 

following formulas are used: 

�⃗⃗⃗�𝛼 = |𝐶1. �⃗�𝛼 − �⃗�|, �⃗⃗⃗�𝛽 = |𝐶2. �⃗�𝛽 − �⃗�|, 

�⃗⃗⃗�𝛿 = |𝐶3. �⃗�𝛿 − �⃗�|                            (5) 

1) GWO Algorithm 

1) generate (X) / / Initialize the population of grey wolves 

2) initialize Parameter (a, A, C); 

3) evaluate X (0); 

4) select new (Alpha, Beta, Delta, X (0)); 

5) for e = 1 to EVALMAX to do 

6) for every Wolf l in Omega do 

7) for i = 0 to DIM do 

8) updatePosition (l, i); // Update current position 

9) end for 

10) adjust parameters (a, A, c); // adjust the algorithm 

parameters 

11) evaluate X (e + 1); 

12) select new (Alpha, Beta, Delta, X (e + 1)); 

13) e = e + 1; 

14) end for 

15) end for 

C. Selecting Cluster Heads by Fuzzy Logic in WSN 

1) Fuzzy Logic 

Fuzzy logic was proposed in 1965 by Lotfi A. Zadeh, a 

professor of computer science at the University of California 

at Berkeley [10]. Fundamentally, fuzzy logic is a multi-

valued logic, which allows intermediate values to be defined 

by conventional evaluations as true / false, yes / no, up / 

down, and so on. Concepts such as "big enough" or "very 

fast" can be mathematically formulated and processed by 

computers in order to apply thought in computer 

programming more humanely [11]. A fuzzy system is an 

alternative to the traditional notions of belonging sets and 

logic that has its origins in ancient Greek philosophy. The 

accuracy of mathematics owes its success largely to the 

efforts of Aristotle and the philosophers who preceded it. In 

their efforts to develop a concise theory of logic, and later 

mathematics, the so-called "laws of thought" were posited. 

One of them, the "Law of the excluded third", states that any 

proposition must be either true or false. For example, 

Heraclitus proposed that things can be simultaneously true 

and not true. It was Plato who laid the groundwork for what 

would become the fuzzy logic, indicating that there was a 

third region (beyond the real or false). Other, more modern 

philosophers have echoed his feelings, including Hegel, 

Marx, and Engels. But it was Lukasiewicz who first proposed 

a systematic alternative to the bi-valued logic of Aristotle. 

Even at the present time, some Greek philosophers are still 

outstanding examples of irritability and lack of clarity (the 

connection to logic has been lost somewhere in the last two 

millenniums). Fuzzy logic has emerged as a cost-effective 
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tool for controlling and controlling complex industrial 

systems and processes, for households and entertainment 

electronics as well as for other expert systems and 

applications such as SAR data classification. 

2) Comparison between Fuzzy Logic & Classical Logic 

Classic Boolean logic allows only two states: TRUE or 

FALSE. Fuzzy logic allows you to express different levels, 

rather than just 1 or 0. For example: the neighboring node is 

near, the neighboring node is very close. What is the 

difference between close and very close? Or, the energy is 

low if it is equal to 0.03 joule; the energy is very low if it is 

equal to 0.01 joule. Where is the dividing line? Is 0.02 joule 

energy low or very low? What can be said of 0.021 joule and 

0.019 joule? 

 Fuzzy logic is a branch of mathematics that allows a 

computer to model the real world in the same way as people 

do. She is concerned about quantification and reasoning by 

using language that allows ambiguous definitions, such as 

many, little, small, high, dangerous. It deals with situations 

where the question posed and the answer obtained contain 

vague concepts. 

 According to fuzzy logic, exact reasoning is a 

limiting case of approximate reasoning; everything is only a 

degree. Any logical system can be blurred. Knowledge is 

interpreted as a collection of elastic or fuzzy constraints of a 

set of variables. Inference is a process of propagation of 

elastic constraints. Boolean logic is a subset of fuzzy logic. 

 Fuzzy logic makes it possible to accommodate the 

concept of partial truth: values between "completely true" and 

"completely false" are allowed. Reasoning modes of 

reasoning rather than exactness are supported. Its importance 

comes from the fact that human reasoning is approximate. 

3) Fuzzy Sets 

In fuzzy logic, a fuzzy set contains several values. The fuzzy 

set is concerned with a degree of belonging (or degree of 

truth). A continuum of logical values is used between 0 

(completely false) and 1 (completely true). A membership 

function is used to map an element X in the domain of real 

numbers to an interval of 0 to 1, which allows a degree of 

truth [12]. 

 Set membership represents a value between 0 and 1. 

A fuzzy set can be defined as a set with fuzzy boundaries. A 

fuzzy set is defined as follows: let 𝑆 be a set and 𝑥 a member 

of this set. A fuzzy subset 𝐹 of 𝑆 is defined by a membership 

function 𝜇𝐹(𝑥) which measures the degree to which 𝑥 

belongs to 𝐹. 

 To clarify things, let's take the following example: 

Let 𝑆 be a set of positive integers and 𝐹 a fuzzy subset of 

small integers. Integers can have a probability distribution 

that indicates their membership in the fuzzy subset 𝐹: 

𝜇𝐹(1) = 1.0, 𝜇𝐹(2) = 1.0, 𝜇𝐹(2) = 0.9,. . . 𝜇𝐹(30) = 0.01. 

Figure 2 shows this membership function. 

 
Fig. 2: Representation of the Fuzzy Subset 𝐹 of Small 

Integers [11] 

 In fuzzy set theory, the fuzzy set 𝐴 of 𝑋 (where 𝑋 is 

the universe of discourse) is defined as a function: 

𝜇𝐴(𝑥): 𝑋 → [0, 1]                (2) 

 Where, 𝜇𝐴(𝑥) = 1 if x is totally in 𝐴, 𝜇𝐴(𝑥) = 0 if 

x is not in 𝐴 and 0 < 𝜇𝐴(𝑥) < 1 if 𝑥 is partially in 𝐴. The 

membership function is a measure: 

 Degree to which an element is a member of a set; 

 Degree of belonging; 

 Value of belonging; 

 Degree of confidence. 

 Fuzzy logic makes it possible to transform several 

real values into a few fuzzy variables with different 

memberships, which makes it possible to reduce the number 

of rules. These rules are used to control a system. 

4) Fuzzy Inference Systems (FIS) 

Fuzzy Inference Systems (Fuzzy Inference Systems) [12] are 

also known as fuzzy rule-based systems, a fuzzy model, a 

fuzzy expert system, and fuzzy associative memory. It is a 

main unit of a fuzzy logic system. Decision making is an 

important part of the overall system. FIS formulates the 

appropriate rules and on the basis of these rules the decision 

will be made. This is mainly based on the concepts of fuzzy 

set theory, fuzzy rules of the "IF-THEN" form and fuzzy 

reasoning [11]. An FIS uses the type declarations "IF ... 

THEN ..." and the connectors present in the rule declaration 

are "OR" or "AND" to make the decision rules necessary. In 

a rule, the part that follows "IF" is called the antecedent or the 

premise while the part that follows "THEN" is called the 

consequence. Basic FISs can take fuzzy inputs or digital 

inputs, but the outputs they produce are almost always fuzzy 

sets. When FIS is used as a control device, it is necessary to 

have a digital output. Therefore, in this case, the 

defuzzification method is adopted to better extract a 

numerical value that best represents a fuzzy set. The setting 

of a fuzzy system is done by experts or operators. The more 

complex the system, the greater the size of the rule base and 

the more difficult the development of fuzzy inference rules. 

In addition, it is sometimes impossible to obtain all the 

control information of the process to be regulated for various 

reasons, for example unreliable information or provided in 

digital form that cannot be translated into linguistic terms, etc. 

[11]. Also, because the rules correspond to empirical and non-

mathematical knowledge, the fuzzy controller provides 

unpredictable results [11]. The FIS is discussed in detail in 

the following paragraphs. 

5) Construction & Operation of Inference System 

The FIS consists of a fuzzification interface, a rule base, a 

database, a decision-making unit and finally a defuzzification 

interface. A FIS with five functional blocks is shown in 

Figure 3. The function of each block is as follows: 

 A rule base containing a number of fuzzy rules of type 

"IF-THEN"; 

 A database that defines the membership functions of 

fuzzy sets used in fuzzy rules; 

 A decision unit that performs rule inference operations; 

 A fuzzification interface that converts digital inputs into 

degrees of correspondence with linguistic values; 

 A defuzzification interface that transforms the fuzzy 

results of the inference into a digital output that can be 

used later. 
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Fig. 3: Fuzzy inference system [12] 

 The operating principle of a FIS is as follows: the 

digital input is converted to fuzzy using a fuzzification 

method. After fuzzification, a rule base will be formed. The 

rule base and the database are jointly designated by the 

knowledge base. Defuzzification is used to convert the fuzzy 

value to a real value that represents the output. The steps of 

the fuzzy reasoning (fuzzy inference operations on "IF-

THEN" type rules) performed by a FIS are: 

 Compare the input variables with the membership 

functions on the "antecedent" part in order to obtain the 

membership values of each linguistic label. This step is 

often called fuzzification. 

 Combine (by a specific operator, usually multiplication 

or min) the membership values of the "premise" part to 

obtain the strength (weight) of each rule. 

 Generate qualified consequences (either fuzzy or 

digital). 

 Aggregate the consequences qualified to produce a 

digital output. This step is called defuzzification. 

6) Fuzzy Inference Method 

The most important method of fuzzy inference is that of 

Mamdani [13, 14], which is the most commonly seen 

inference method, therefore it is used in proposed research 

work. This method was introduced by Mamdani and Assilian 

in 1975. Another well-known method of inference is that of 

Sugeno [15, 16], also called Fuagi-Sugeno-Kang fuzzy 

inference method. This method was introduced by Sugeno in 

1985. It is also called TS method. The main difference 

between the two methods mentioned above is the 

consequence of fuzzy rules. Fuzzy Mamdani systems use 

fuzzy sets as the consequence rule while fuzzy TS systems 

use a linear combination of input variables as the 

consequence rule. 

The Fuzzy rules are designed as follows: 

S. 

N. 

Residual 

Energy 

Neighbour 

Index 

Distance-

to-BS 
Output 

1 Low Low Close Small 

2 Low Low Adequate Small 

3 Low Low Far Small 

4 Low Med Close Small 

5 Low Med Adequate Small 

6 Low Med Far Small 

7 Low High Close 
Medium- 

Small 

8 Low High Adequate Small 

9 Low High Far 
Very-

Small 

10 Medium Low Close 
Medium-

Large 

11 Medium Low Adequate Medium 

12 Medium Low Far Small 

13 Medium Med Close Large 

14 Medium Med Adequate Medium 

15 Medium Med Far 
Medium 

Small 

16 Medium High Close Large 

17 Medium High Adequate 
Medium 

Large 

18 Medium High Far 
Medium 

Small 

19 High Low Close 
Medium 

Large 

20 High Low Adequate Medium 

21 High Low Far 
Medium 

Small 

22 High Med Close Large 

23 High Med Adequate 
Medium 

Large 

24 High Med Far Medium 

25 High High Close 
Very 

Large 

26 High High Adequate 
Medium 

Large 

27 High High Far Medium 

Table 1: Fuzzy Rule Set 

IV. SIMULATION & RESULTS 

A. Evaluation Parameters 

1) Throughput 

It is the ratio of the total number of successful packets in bits 

received at destination in a specified amount of time. 

TH = ∑ Transmission of Routing Packets 

2) Network Lifetime 

The lifetime in a WSN is the time period throughout which 

the system constantly justifies the provision necessity. 

B. Simulation Results 

 
Fig. 4: Cluster Head Formation 
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Fig. 5: Network Deployment 

 
Fig. 6: Network Arrangement with Dead Nodes 

 
Fig. 7: Network Lifetime for Proposed Work 

 
Fig. 8: Network Throughput for Proposed Work 

 
Fig. 9: Number of Alive Nodes 

V. CONCLUSION 

Under the conclusion of this work, several points were taken 

under consideration. For better understanding of our work 

that is evaluation of routing protocols for Wireless sensor 

network we have framed our work in two scenarios which 

consist of a simple WSN protocols, for now we have taken 

LEACH protocol in consideration and performed a 

comparative study by implementing various topologies. 

 Fuzzy Logic has been a famous procedure used to 

take care of cluster head election in WSNs because of its 

straightforwardness, high calibre of result, quick joining and 

inconsequential computational complexity. 

 The proposed protocol uses Grey Wolf Optimization 

to optimize the clusterhead election probability. It also 

proposed a fuzzy logic based approach for the selection of 

CHs in a WSN. This system accepts three input parameters, 

which are the Residual energy, centrality and distance to base 

station. The simulation results show that the proposed 

algorithm extends the network lifetime when the last node 

dies. 
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