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ABSTRACT

Since battery is the source of energy for sensors, one of the
important issues in wireless sensor networks is the energy and
network lifetime. A method to reduce energy consumption
and, as a result, increase the network lifetime is the fusion of
data collected from the sensors in the covered environment
before transmission to wireless sensor network. Data fusion in
sensors is defined as the process in which the data received
from multiple sources are integrated in order to achieve better
perceived information with respect to only one source. In this
paper, a new method is proposed for data fusion in network
sensors using fuzzy systems. In the proposed method, by
integrating the input data into each sensor, each of which had
three inputs, the similarity percent of the data in sensors was
obtained in order to identify the size of data (packets) to be
sent. Simulation results on the proposed method verified the
efficiency of the proposed method in terms of energy
consumption in the network.
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1. INTRODUCTION

Wireless sensor networks are the new technology in
monitoring environments and distributed processing [1].
These networks consist of many small and inexpensive sensor
nodes which are distributed throughout the environment. The
application of these networks includes many fields such as
military, industrial, monitoring the environment, household,
medicine, agriculture, etc. In most of its applications, wireless
sensor networks should have the ability to work autonomously
without any human intervention within large environments
[14, 15].0ne of the important challenges in wireless sensor
networks is the energy and network lifetime. A method to
reduce energy consumption and, as a result, increase the
network lifetime is to integrate the data collected from the
sensors that cover the environment before the data
transmission through the network. Data fusion in sensors is
defined as the process in which the data received from
multiple sources are integrated in order to achieve better
perceived information with respect to only one source [2].

In wireless sensor networks, using the data fusion at different
levels, it is possible to reduce the data traffic load and improve
the performance; also, a particular inference is obtained at
each step and, finally, it is possible to get closer to the actual
inference by integrating the results in each step [6].
Nonetheless, researchers are looking for solutions to improve
the hardware and software technology by benchmarking from
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the combined capabilities of humans and animals in relation to
natural data and to simulate new sensors by discovering some
facts that can improve data fusion for providing more accurate
inferences [2], [7].

In this paper, a new method is proposed for data fusion in
network sensors using fuzzy systems. In the proposed method,
first, three inputs, namely the neighbors, packets, and
distance, were allocated to each sensor in the network. Next, a
value or similarity in percentage was obtained by integrating
the mentioned input data. Based on the obtained similarity
percent, the number of transmitted data (packets) to be
reduced, removed, or remained unchanged was found, which
finally provided the network with more useful lifetime.

The rest of this paper is organized as follows. In Section 2, the
fuzzy system is briefly explained. In Section 3, the designed
system is presented in detail and the necessary figures and
inferences are expressed. In Section 4, the system simulation
is presented and the conclusion is provided in the final
section.

2. FUZZY SYSTEMS

Different computational intelligence algorithms have been
used for data fusion in wireless sensor networks [9-12]. One
of the computational intelligence algorithms is fuzzy logic or
fuzzy system algorithm. Many conventional methods in
various sciences are not able to properly support a high
volume of quantitative and qualitative information [8]. On the
other hand, most of the information is associated with
ambiguity and uncertainty. The fuzzy logic has provided a
suitable mathematical formulation to these ambiguities and
prepared the context for decision making and reasoning about
them. Generally, nature and the environment are associated
with complexity, dynamism, and uncertainty. The fuzzy logic
can be effective in working with ambiguous data and complex
models due to having simple and flexible concepts [3]. It is
something more than precise and machine logic and works
like human logic without requiring accurate data [4]. Classic
logic represents everything in a crisp form as an absolute (0,
1); in contrast, the fuzzy logic always shows these values
between zero and one. For example, if black and white are
respectively considered zero and one, then, gray will be a
number close to zero. Fuzzy logic was invented for the first
time in 1965 by Dr. Lotfizadeh. Then, it was used in various
academic and industrial fields of the fuzzy logic [13] [14]. In
the proposed algorithm, fuzzification and defuzzification
systems have the highest application. The main components of
fuzzy systems are three parts including fuzzification, inference
rules, and defuzzification (Figure 1). Crisp input data are
fuzzified and, then, the necessary inference is taken according
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to the rules and membership functions that are defined in the
system for the inputs. In the next step, the considered fuzzy
outputs are produced and, finally, transformed into the crisp
form which is acceptable by industrial machines. The main
purpose of a fuzzy system is to archive a set of input and
output connections for describing a process [5].
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Fig 1: Fuzzy system components

Many methods can be used to show membership function.
Equations 1 and 2 present two triangular and trapezoidal
methods, which are used in most of the fuzzy systems owing
to their higher clarity and greater simplicity.

Triangular membership function is as follows:
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3. THE PROPOSED ALGORITHM

The methodology of the proposed algorithm has been built
based on similarity. As seen in Figure 2, three inputs were
allocated to the considered sensor for each second and each
sensor; the input values were fuzzified in the fuzzification
section. Based on the membership function of the inputs as
defined in the database and a number of rules defined in the
rules database, the necessary inference was made on the input
data and, according to the interferences, it was found whether
the similarity percent was high or low. The results were then
defuzzified. After determining the percentages of similarity,
the test step started, in which if the obtained similarity percent
were high, some of the transmitted data (packets) would be
reduced or eliminated; but, if the similarity percent were low,
the transmitted data (packets) would be sent without the
slightest change. This method not only increased the rate of
data transmission, but also reduced the battery energy
consumption of sensors, thus increasing the network’s useful
lifetime.

/ Sensors' distribution within the environment, clustering
/ operation, and determining the sink node

In order to identify repeated data using fuzzy method, the
following operations would be repeated for all sensors per
second
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Fig 2: Flowchart of the proposed algorithm
3.1 Describe the proposed algorithm

Fuzzy algorithm inputs:

e Neighbors
e Distance
e  Packet

Architecture of the proposed model is shown in Figure 3; but,
the defuzzification section is not demonstrated.

X XN

Neighbors

; : ; fusion
(mamdani)

Distance /
XX Similarity

Packet

Fig 3: Model proposed architecture

3.2 Definition of input and output

membership functions
To conduct a fuzzy process on the data collected by the
sensors, first, the fuzzification process was performed on the
inputs. For this purpose, all the input parameters of the system
used low, medium, and high linguistic variables, while five
variables, namely very low, low, medium, high, and very
high, were used for output parameters. The fuzzy linguistic
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variables of the system inputs and outputs are shown in
Table 1.

Table 1. Fuzzy linguistic variables for the fuzzification of
the system parameters

Transformation into the fuzzy

Parameters | Type language

Neighbors Input Low-Normal-High

Distance Input Low-Normal-High

Packet Input Low-Normal-High

Very Low-Low-Normal-High-

Similarity | Output Very High
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Fig 4: Input fuzzy set, "*Neighbors"
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Fig 5: Input fuzzy set, "'Distance"
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Fig 6: Input fuzzy set, "'Packet"
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Fig 7: Output fuzzy set, "'Similarity"

Figures 4, 5, and 6 show the input membership functions,
while (Figure 7) presents the output membership function of
the fuzzy system. Size of these functions is written arbitrarily
and based on the view about the system without any special
technique

3.3 Developing the rule base

To conduct inference on the inputs, in addition to defining the
membership functions, the rule base is also developed. These
rules are identified and written based on the environmental
conditions of the sensors and the existing methodology and
are generally determined arbitrarily in a conceptual fashion
without any special condition. In the proposed algorithm, 27
rules were considered based on similarity conditions, because
the written proposed algorithm had three inputs, each of which
had three membership functions. For this reason, 27 (33)
conditions were considered. Table 2 shows these rules which
were implemented in MATLAB environment. For example, in
the first rule, if all the inputs were low, the similarity was also
low. Four rules of the totally defined 27 rules are as follows.

Table 2. Fuzzy rule base

Row Packet Distance | Neighbors | Similarity
1 Low Low Low Low
2 Mid Low Low Low
28 Mid High High High
29 High High High High

Definition of the rule base and the connection of these rules
are shown in the form of tables. In Figures 8, 9, and 10, the
connection between these rules is shown in the surface mode.
The connection between the inputs is pairwise.

Fig 8: Surface view of similarity percentage- With respect
to "neighbors' and "distance"

Packst

Fig 9: Surface view of similarity percentage- With respect
to ""neighbors™ and **packet"
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Distance

Fig 10: Surface view of similarity percentage- With respect
to ""packet' and "'distance"

4. SIMULATION RESULTS
4.1 SIMULATION AND DISCUSSION

An environment which is going to be covered by a sensor
network was assumed. The number of sensors was N where
N={1,2,..n}. Each sensor was randomly distributed throughout
the environment. Also, there was a cluster head in each region
which had a fixed position at the center of the region, where
all the sensor nodes of the same region could directly
communicate with it. There was a central node, also called
sink, which was located in the environment. Figures 11 and 12
show the examples of this scenario along with arrangement of
sensors and sink. The sensors were not connected directly to
the sink and could communicate with the sink or base station
only via cluster heads and relay nodes. This scenario of
wireless sensor networks is known as two-tire wireless sensor

networks.
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Fig 12: An example of arrangement of sensors and sink

The range of all sensors including the sink was assumed to be
400 m. All the sensors were connected directly to the cluster
head and could transmit their data to it; but, no sensor was
directly connected to the sink and only the cluster heads were
connected to the sink at the second level. All the cluster heads
were also directly connected to the sink.

According to the proposed environment scenario, different
results were obtained. The proposed algorithm was tested in
three networks with different environments and the
comparison was also made for two cases. The first case was
the energy consumption and the second one was the number
of transmitted packets where the results were compared in
fuzzified and normal modes.

 Results based on an environment with 100 sensors
« Results based on an environment with 1000 sensors
* Results based on an environment with 10 sensors

Table 3. Simulation parameters of the network in a
constant sink mode

Parameters Value
Number of sensors in the environment 10, 100, 1000
. . . Duration = 30
Time simulation
Second
Energy consumption per transmission 75 MJ
Energy consumption per reception 50 MJ

The simulation parameters for all the three network cases are
shown in Table 3. Only the number of the sensors is variable.
In all the three network cases, the results were tested in a 30
sec interval. Energy consumption was considered 75 MJ per
transmission in the network and 50 MJ per received data.
Energy consumption was achieved by adding these values
with the obtained results
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Fig 13: Random distribution of the sensors within the
environment

The random distribution of the sensors in the environment is
shown in Figure 13.
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4.2 Results with 100 sensors
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Fig 14: Results based on the consumed Jules by 100 sensors

Compare Energy Consuming in Fusion Mode and MonFusion

—&— Fusion
—+— NonFusion [T

0sr

Jule

a 5 10 15 20 25 30
Time Duration

Fig 15: Results based on the number of packets
transmitted by 100 sensors

In Figures 14 and 15, the evaluation results in fuzzification
(red) and defuzzification (blue) modes are presented. As can
be seen, when the fuzzification operation was not conducted
and the network continued to work normally, the data were
transmitted unchanged, without being reduced or removed. As
a result, the energy consumption and number of transmitted
packets were relatively high, thus reducing the network
lifetime and also decreasing the rate of data transmission. It
can be seen in the figures that, due to the similarity after the
fuzzification was performed, the data were reduced or
removed. Hence, the energy consumption and number of
transmitted packets were decreased, thus causing a significant
improvement in the network lifetime and rate of data
transmission.

4.3 Results with 1000 sensors
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Fig 16: Results based on the consumed Jules by 1000
Sensors
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Fig 17: Results based on the number of packets
transmitted by 1000 sensors

As can be seen in Figures 16 and 17, slight changes were
made to the results compared with the pervious case, which
still improved energy consumption and transmitted packets in
the networks with a large number of sensors. Only small
distance was created between fuzzification and defuzzification

modes and the network energy consumption was reduced by
greater values. The reason is that the number of sensors in the
environment and, consequently, the number of sensors in the
regions increased. According to what was explained in the
proposed algorithm, a higher percentage of data was reduced
or removed due to the increase in the similarity percent, since
the number of sensors in the regions increased. By comparing
the fuzzification mode with the defuzzification mode, it was
concluded that increase in the number of sensors had a
significant impact on the reduction of energy consumption
and, as a result, enhancement of the network's useful lifetime,
which would contribute to achieving better results.

4.4 Results with 10 sensors
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Fig 18: Results based on the consumed Jules by 10 sensors
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Fig 19: Results based on the number of packets
transmitted by 10 sensors

As can be seen in Figures 18 and 19, small changes were
made to the results compared to the previous cases, which still
improved the energy consumption and transmitted packet in
the networks with fewer sensors. Only the distance between
fuzzification and defuzzification modes had a slight decrease,
because the number of sensors in the environment and,
consequently, the number of sensors in the regions decreased.
According to the presented methodology in the proposed
algorithm, a smaller percentage of data was reduced or
removed due to the decrease in the similarity percent, since
the number of sensors in the regions decreased. By comparing
the fuzzification and defuzzification modes, it was concluded
that decrease in the number of sensors had no significant
impact on the reduction of energy consumption and increase
in the network's useful lifetime, but still improved the results.

5. CONCLUSION AND FUTURE WORK

Sensor networks are the standard technology in wireless
communications. There are hundreds and thousands of sensors
in these networks and each sensor can collect data from the
environment, perform computations on the collected data, and
transmit the processed data to other sensors or the control
center. One method to reduce the energy consumption and, as
a result, increase the network lifetime is the integration of data
collected from sensors covering the considered environment
before the transmission in wireless sensor networks. Due to
the wide range of sensor distribution, a massive amount of
data is produced. Therefore, it is important to produce
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effective data. In this thesis, a new algorithm was proposed
based on the methodology of fuzzy systems for the data fusion
in wireless sensor networks in order to reduce energy
consumption and, as a result, increase the network lifetime.
The results verified the efficiency of the proposed algorithm.
In the future works, the proposed method can be used in
different protocols and different scenarios. One of the things
that can be done in this regard is to consider the number of
clusters as a variable (which was divided into 9 constant
clusters in the proposed algorithm). Using learning algorithms
can also help obtain better fuzzy rules.
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