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Abstract. A Wireless Sensor network (WSN) contains a considerable number of sensor nodes and
one base station where information is received through sensors and sent to base station. Sending
information by each node to station reduces node energy and, accordingly, network lifespan due
to distributed nodes and their various intervals. Thus, each node sends its data to neighboring
cluster head in order to send the information to base station through that node and more energy is
saved. Therefore, clustering and selecting appropriate cluster head is a topic which can be effective
on network lifespan. Many different methods were introduced to cluster nodes in these networks
with their own advantages and disadvantages. In this article, a new fuzzy logic-based clustering
method in WSN increases the network lifespan.
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1. INTRODUCTION

Technology improvement has caused that the wireless sensor networks lifetime used in various
applications such as military, medical, environmental and etc in recent years. A network of hundreds
or thousands nodes that follow a specific task. These nodes had limited power, limited memory and
poor processors. As structure, these nodes were homogeneous and had equal energy or heterogeneous
and had a different structure. The main problem of nodes was the limited power. [1] - [4]

There are several ways to send data that one of which was directly transmission that each node sent
its data immediately to the base station or sink. In this way, a lot of node energy wasted due to a
multiple transmissions. Another method is chosen cluster head that according to its cluster head, each
node sent its data to adjacent cluster head and cluster head was responsible for sending them to the
sink. In this way, the network lifetime increases, but the choice of a suitable cluster head can affect
the longevity of the network. [5]

LEACH Protocol [6] was one of the most popular clustering methods that chose cluster head
randomly and had no focus on nodes energy, selected cluster head that destroyed by this method
quickly was not the best. EAUCF method [7] extrapolated the distance to the base station and nodes
energy. Method [8] and [9] chose cluster head based on node centrality and remaining energy that
centrality definitions of these two methods were different. All the mentioned methods presented
clustering on homogeneous nodes with the same energy.
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In this paper, a new method is provided based on fuzzy logic in order to choose the cluster head
which node energy, the number of neighbors, distance to the sink and distance to pervious cluster
head as matter entries handled chose of cluster head among heterogeneous nodes. This method was
compared with LEACH and EAUCEF protocol because LEACH was the most magnificent method of
clustering in these networks and EAUCF method was one of the newest methods that handled
clustering chose with fuzzy logic. Therefore, comparing the proposed method with two algorithms
is more important.

2. FUZZY LOGIC

In general, Fuzzy logic defined according to human logic. In many applications, to speak of real
numbers is difficult. Fuzzy logic went beyond of the values of "zero-one" classic software and
opened new port towards software science and computers, because it applied vessel and limited space
between numbers of zero and one in its logic and arguments. Fuzzy logic elicit and applied the space
between the two values of "go™ or " don’t go", the new values of " might go out” or "we go" or if
"might go" .

A fuzzy system covering three components: fuzzification, inference system and defuzzification.
fuzzification was responsible of mapping the real numbers of fuzzy sets that this work done to help
the membership function charts. fuzzification were pointed such as Gaussian, Singleton and triangle.
Inference system included a series of if-then rules that fuzzy inference is performed on these rules
Mamdani minimum, Mamdani multiply and Zadeh were such inference system. defuzzification have
been made the task of mapping the fuzzy sets to real numbers that including inference engine that
also noted the center of gravity, center of area and maximum.

3. RELATED WORKS

According to presented methods provided diversity relatively high in the area, therefore, in this part
two of the most basic LEACH clustering in wireless sensor networks and protocols, two methods
LEACH of that the most basic algorithms of clustering in wireless sensor networks and EAUCF that
was new fuzzy protocols which administered clustering on homogeneous nodes with further details
will be explained. It should be noted that both protocols were compared methods with the proposed
method.

3-1 LEACH Method

This protocol is a clustering method to use random values for choosing cluster head and distribution
of energy between nodes takes advantage. This protocol consists of two phases. In first phase, clusters
forms and in second phase in cluster sent message to cluster head and they sent to the base station
after collecting. The sensor nodes is calculated which corresponds to the number of node selection
as cluster head node in the previous periods. Then, it selected a random number between zero and
one.

If for a node this random number is calculated less than calculated diction, defines itself as a cluster
head and messages are broadcast presentation. Other sensor nodes also make decisions based on
received signal strength from the cluster head nodes to join the cluster. The calculated value of each
node defined as T(n) that is in accordance with Formula 1. [1]

T(n)= P Ifn€EG (1)

1- p(r mod 1}
p
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T(n)=0 Otherwise

Where p was likely cluster head node, r was numerator of current round; G was the sets of nodes of
nodes that did not to change to 1 / p cluster head. See the remaining energy of the node that was not
criterion for selection of cluster head and the most important concern in wireless sensor networks
maintain greater energy may be the loss of early nodes.

3-2 EAUCF Method

This clustering is one of the newest methods of clustering protocols. Cluster head selection uses the
following assumptions. Random distribution of nodes, equilibrium after its initial distribution,
determines the distance of nodes with received signal strength and equal energy of nodes were the
assumptions of this method. This is done with fuzzy clustering. The node energy and the distance
of base station were as fuzzy inputs on triangular fuzzification and inference results sent through
Mamdani inference engine and related rules to center of area defuzzificaion and gave a number for
each node in each stage that this number is that threshold T(n).

It is clear that this method had more lifetimes in comparison with LEACH protocol, but it can still
make changes to the fuzzy parameters to get better results.

4, SYSTEM MODELING
4-1- Network Model

The number (N) of sensor nodes placed randomly in the environment. Each node sends its data to
the cluster head node and node collected its data cluster head and data received in the cluster and sent
to high level cluster head node that close to the base station. This process continued until the data
reach to the base station.

It is intended that the assumptions were as follows:

1- The nodes were immobile and static after distribution.

2- Sent data through cluster head to the sink and from the sink to base station.
3- The distance to the sink was determined.

4 - The nodes were heterogeneous and had unequal energy.

4-2 Energy Model

Energy of data transmission and receipt of them is calculated of equation 2 and 3.

IElec + l&fsd ? d < dth
Etrans =
IElec + lempfd * d > dth
(2)
Erec = IElec

(3)

l is data length as bit, Eelec is digital electric energy, €mp and €f are amplifier energy and dth
showed the distance threshold is calculated by equation 4.
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_ |efs
dth = %mp (4)

cluster head node also spent energy, the equation 5 is calculated.

E(CHK) = Nk x| x Eelec + (Nk +1) x| x EDA+ 1 x (Eelec + smpfd*)
(5)

Nk was node cluster numbers and EDA was needed energy to collect data. Received energy of sensor
nodes humbers (n) randomly placed in the environment.

5. THE PROPOSED METHOD

Clustering presented in this paper was a method based on fuzzy logic like EAUCF that its input had
crucial role in improving their results. These inputs included remaining energy, the number of
neighbors, the distance to the sink and the distance to the cluster head that each of them affects
appropriate cluster head. The remaining energy had an important role in determining the cluster head
as the main input. The second entry was the number of node neighbors. According to the node had
more neighbors, more likely to have a cluster head. The third entry was the distance to the sink that
decreases this number caused more clustering head and the last input which distinguished towards
present and similar methods was the distance to cluster head as nodes which had less distances to
previous stage cluster head were more likely to cluster head to the next round.

Most of sources and fuzzy clustering methods utilized of various inputs for selecting cluster head
that used the most important in inputs of presented method. But, the considerable note was previous
cluster head.

If a node have a good relative value at the input and have a distance of less than around the rest of
the nodes, you can choose without calculation, as the cluster head. Therefore, we can increase the
speed of calculation.

The method was that each node calculated its distance to the sink and also the numbers of neighbors
in the beginning. Since, there is no cluster head at the first stage to calculate the distance values, a
fixed number of primary energy and two other inputs will send to fuzzificaion. In this paper,
triangular fuzzificaion is used. Figures 1 to 4 showed the inputs membership functions.

T T T T T T T T T
Lagw Medium Hil]h

input variable "Energy™

Figure 1. Input membership function, node energy.
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Figure 2. Input membership function, neighbor's number.
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Figure 3. Input membership function, the distance to the plate.
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Figure 4. Input membership function, the distance to previous cluster head.

The output of fuzzy was at inference engine and this engine with cited rules concluded in Table 1. It
should be noted that due to the high number of inference rules, a few of which are mentioned in the
table. In this article, it used the Mamdani minimum inference engine. The output is provided to
defuzzificaion which can be back the resulting number to the real world. Figure 5 shows the output
membership function.

This paper utilized the center of gravity for defuzzificaion. Finally, for each node calculated a number
with threshold T(n) at the end of each round that this number of produced random number by each
node between zero and one was more are selected as cluster head.
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Each node calculated the distance of previous cluster head within remaining energy and sent with
two other inputs to fuzzificaion Later, the distance to the cluster head node of the previous with the
remaining energy to assigned passing previous stages which it can be cluster head or not?

Figure 5. The output membership function, the chance of the cluster head.

VLpw Low Medium High VHigh

output variable "Chance”

Table 1. Some fuzzy rules.

Remain energy | Neighbors numbers | Distance to plate | Distance to cluster | chance
low high high medium low

Low Medium Medium High Very low
Low Low Low Low Medium
Medium High High High Low
Medium High High Low Medium
Medium Medium Low Low High

High Low Medium High Medium
High High Medium Low High

High Medium Low Low Very High

6. THE RESULTS OF SIMULATION

For the simulation used MATLAB software. Parameter is shown in Table 2.

Table 2. Parameters problem.

Parameters Numbers
100 Node

100 * 100 Network sizes
(50,50) Sink place
500 Package sizes
50 nJ/bit Eelec
10PJ/bit/m? Ofs
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0.0013PJ/bit/m* Ompf
0.5J Primary energy
random Network topology

Figures 6 to 8, a view of the distribution of nodes in three LEACH, EAUCF and presented methods
showed at the end of 1,300. Dead and removed nodes from the network are marked with red dots.

Figure 9 shows a graph of deaths of sensor nodes according to clustering method. As it known in the
figure, the number of removed nodes of network was less than nodes were out in two presented
methods. So, the longevity of the network increased in presented method.

™
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Figure 6. The situation of nodes in LEACH method at the end of 1300 round.
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Figure 7. The situation of nodes in EAUCF method at the end of 1300 round.
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Figure 8. The situation of nodes in proposed method at the end of 1300 round.
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Figure 9. The difference of dead nodes number in three LEACH, EAUCF and proposed methods in number of various
rounds.

7. CONCLUSION

In this paper, a new method is presented based on fuzzy logic in heterogeneous nodes clustering in
wireless sensor networks. This method was compared with LEACH protocol that is the most popular
clustering method and also EAUCF algorithm as new protocol based on fuzzy logic. The fuzzy input
parameters of proposed method increases the speed of calculation utilizes of the distance to the
cluster head and simulation results represent increases the longevity of the network and more storage
of energy in nodes.
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