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1. INTRODUCTION

The Internet of Things (IoT) is an emerging topic among the computer network researchers that
make computing truly ubiquitous. This development provides an opportunity to discover a novel technology
that leads to long-range communication and conservation of the network energy simultaneously. As future
loT applications would require power efficient usage, wireless network transmissions should operate reliably
and efficiently in order to be able to be utilized for long periods of time. Studies regarding wireless networks
have evolved during the last decade with numerous deployments on wireless sensor networks (WSNSs),
mostly comprising tracking and monitoring applications [1-4].

Clustering technique was previously employed in order to achieve energy efficiency in WSNSs.
By means of clustering, the whole network is divided into several clusters, each having a cluster head (CH).
Sensor nodes in the cluster pass the information to its respective CH, then the CH would aggregate and
compress the received data to be forwarded to the BS. Numerous CHs selection algorithm based on different
fuzzy logic input parameters were proposed in the literature [5-8]. The goal of the CHs selection algorithm is
to minimize the energy consumption of sensor nodes. Combination of fuzzy logic input parameters enable
efficient CHs selection and help in reducing the sensors battery consumption. For instance, work in [9] has
improved upon LEACH based on residual energy, centrality, and a number of neighbouring nodes.
The sensor nodes having the highest number of neighbours and the highest remaining energy are elected as
CH. The nearest distance between sensor nodes and CHs is negligible in this algorithm; hence it potentially
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drains sensor nodes energy even faster. Through exploring previous studies in the area of reduction of energy
consumption, it can be observed that majority of efforts has been made towards CHs selection, while few
studies have focused on noise and signal strength in a fuzzy descriptor perspective.

Building on this insight, an RSSI was proposed as a new input parameter to be combined with other
parameters such as residual energy and centrality. Due to the complex task of CHs selection, the fuzzy logic
tool was employed in order to determine the suitable nodes as CHs. The Fuzzy Logic can generalize
probability and is able to deal with the approximate analysis from imprecise hypothesis and generating the
conclusion [10]. Since the form of if-then rule fits in human reasoning, this inference process projects crisp
quantification into human language and produces a precise value of output which could determine that which
node should be selected as the CH. The experiments demonstrated that the proposed combination of fuzzy
descriptors is capable of reducing the energy by 40% through sacrificing the performance of the wireless
network. Simulations results indicated that the RSSI is significant when it is considered as a fuzzy
logic descriptor.

The rest of the paper is organized as follows. In Section 2, related studies were presented. Section 3
briefly discussed the model of the energy consumption scheme. Then, fuzzy-logic-RSSI-based scheme
approach is proposed in Section 4. Next, in Section 5, the fuzzy logic approach was described, followed by
the simulation settings in Section 6. Then, the experimental results were discussed in Section 7. Finally,
Section 8 concludes this paper.

2. RELATED WORKS

The topic of WSNs is a technology with more than 60 years of development and standardization.
First published in 1950, the original version of the WSN standard was proposed for military purposes known
as Sound Surveillance System (SOSUS) [11]. The WSN is a collection of the connected sensors, embedding
software and hardware through the base station to the Internet. The architecture of WSN consists of three
main components known as sensor node, a base station (BS) or gateway, and user. It is commonly installed in
the form of a cluster consist of a large number of sensor nodes to cover a wide area network.

The energy consumption of the nodes is utilized by three main components: the sensors,
the transceivers, and the data transmission, while data transmission consumes the major amount of
energy [12]. The data transmission process in WSNs requires the source and the sensor nodes to exchange
data packets which lead to battery depletion. Accordingly, the node receiving data from all of the member
nodes within the cluster is known as CHs. Then, CHs sent the aggregated data to the BS. Therefore,
the selection of CHs essentially affects the WSNs lifetime. Commonly, ideal CHs are the ones which possess
the highest amount of residual energy, while being in the nearest distance between sensor nodes and CHs.
In fact, CHs itself consumes a lot of energy due to the activity of data transmission and processing. The CH
selection is crucial towards energy efficiency and production of the best signal quality. In order to select a
suitable CH, it is imperative to appropriately set parameters for considerations. A fuzzy descriptor for CH
selection has been investigated by many researchers [13-19]. In a study by [20], the authors employed
residual energy as an input parameter, whereas such parameter is preferred by the researchers. Since residual
energy has been utilized as an input parameter, the potential CHs would be selected with the highest
remaining energy. In WSN environment, the values of sensors’ energy are different due to the energy
constrained condition [21].

In previous studies [17-19], RSSI was considered on the threshold value for CHs selection, without
considering the Fuzzy Logic approach. In addition, these studies did not consider the path loss model in the
RSSI calculation which is an important criterion which should be taken into account, as the distances of the
nodes are different. RSSI was utilized as a range-based algorithm in localization technique for distance
estimation between the nodes. Other common range based techniques are known as Time of Arrival (TOA)
algorithm, Angle of Arrival (AOA), and Time Difference of Arrival (TDOA). In a study performed by
Kannan et al. [18], CHs selection in 2-tier network based on residual energy and RSSI was presented. It was
reported that the nodes which are close to the average RSSI value can be elected as CHs. Although the study
considered the inter-cluster routing, the location of BS which was not centered with the nodes could result in
inefficient use of energy.

3. ENERGY MODEL

Each sensor node is equipped with a single battery where it consumes energy in transmitting data
packets, sensing, and processing. In order to evaluate the energy consumption in the network, some metrics
have been proposed, as presented in [20]. The energy consumption model in data transmission is adopted
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from [21], in which the consumed energy of transmitter nodes greatly depends on the transmitted packet with
(k) bits over the distance (d). It can be calculated as:

k % Egjoer + k % gp5 % d?,d < d,,

ETX(k. d) = {k « Eelect + & o* gmp % d4,d > do

o))

where E,,. is energy dissipated per (k) bit to run the transmitter, &, is the amplifier’s energy consumption
per bit during data transmission if the distance < d,, , &, is the amplifier’s energy consumption per bit
during data transmission if the distance d = d,. Upon receiving the data, energy consumption is calculated
as:

Erx = k * Egiect ©

All the sensor nodes in the cluster communicate with their respective CHs. Thus, the energy
dissipates in the CH during transmission is given by:

E

CH:(%_1)*k*Eele”_'—%*k*EDA+k*Eelect+k*5fs*dz 3)

where L is the number of clusters, d is the average distance between the CH and the BS, Ep, is the energy of
data aggregation which is 5nJ/bit/signal, and N is the total number of sensor nodes. Note that the number of

average node per cluster can be obtained by (% — 1) where -1 is a non-CH node.

4. PROPOSED FUZZY LOGIC BASED RSSI SCHEME

In this study, CHs selection was proposed based on an RSSI scheme by using a fuzzy logic method
that involves a combination of three input parameters. Specifically, residual energy, centrality, and RSSI are
the parameters that were considered in order to select CHs. Residual energy is the most important input
parameters for CH selection. It indicates the remaining battery power of the sensor nodes. In other word,
sensor nodes with high residual energy can process and transmit more data. Aimed at node centrality, it is the
sum of the distances between the nodes and its neighbor. This measurement represents the centrality of the
nodes to other nodes (i.e., CH). In other words, centrality refers to the number of direct connections between
a node and its neighbour. In order to obtain the centrality value, the sum distance from child node, i to the
CHs, j denoted as d; ; is calculated based on Euclidean distance as follow:

dy =3 (G- %)"+ 0= 9 @)

where (x;,y;) is the position of child node, i and (x]-,y]-) is the position of CH, j distributed in the network.
Based on (4), centrality can be defined as:

(EX_qdip)

Centrality(ky) ==

©)
where k,, is the number of nodes in the network, d; ; represents the distance between node i and its CH, j. d; ;
is equal to 0 when the node is a CH. Based on this centrality value, it can be used to establish far, satisfactory
and near average distance to the CHs.

For that reason, the received signal strength limit should be below than the original noise floor to
allow the sensor nodes to access the spectrum. In this case, the original noise floor was set to 10 dBm.
The chance of the sensor nodes to become CH is low if the required signal energy falls under the acceptable
and bad signal state. If the located nodes satisfy the associated conditions, the nodes with the strongest RSSI
will be elected as CHs. Commonly, to evaluate the level of interference due to signal distortion, RSSI is used
which denotes the received signal power loss [22]. The RSSI technique is suitable to be implemented to
WSN because its implementation is cheap and complexity is low. RSSI is defined as the voltage measured by
receivers received signal strength indicator. Often, it measures the power of the signal at the receiver based
on the known transmit power. The log-distance path loss is used to include in RSSI measurement since it is
suitable for the indoor and outdoor environment. The log-distance path loss model P(1) is expressed as [23]:
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P() =P, X (%) +x, (6)

where P, is the path loss at distance d, from the source and « is the path loss exponent. « is typically set as
2-6 depending on the environment (i.e., forest and indoor home). Thus, it was set as 3 to suit with an indoor
and outdoor environment [24]. d is a distance between transmitter and receiver. X, is a zero mean Gaussian
that reflect the white Gaussian noise due to multi-path and shadow fading. This path loss measurement is in
decibels (dBm) unit.

5. FUZZY LOGIC APPROACH

Once in the fuzzifier stage, the crisp values such as residual energy, centrality, and RSSI are
converted into fuzzy data or Membership Functions (MFs) where it indicates the intersection point of the
value of the parameter degree between 0 and 1. Three linguistic variables were defined for each membership
function as shown in Figure 1-3. The linguistic states defined for membership function are as follows:
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The value for residual energy is divided evenly into low, medium, and high that has an interval of O
to 0.5, 0.2 to 0.8, and 0.5 to 1, respectively. The linguistic variable for centrality is divided into O to 50 for
near, 30 to 70 for satisfactory, and 50 to 100 for far [25]. Designed for RSSI, the linguistic variables are
divided into -45 to 10 for good, -10 to 45 for acceptable, and 30 to 80 for bad [5]. Subsequently, the second
step is Rule Evaluation. In this step, the membership values obtained from the previous step will produce
fuzzy output determined based on IF-THEN (fuzzy decision-making block) rules. The possible outcome for
CHs selection is defined as low, medium, high. For instance, if the residual energy is high, centrality is near
and RSSI is good, while the chance for the node to be considered as a CH is high. Algorithm 1 illustrates the
proposed combination of fuzzy parameters for CHs selection.

Algorithm 1 : Proposed Algorithm of Cluster Heads Selection

Input: i =tier, U; = nodes

While (i < 2) do

For (every nodes, U,)

Fuzzy Inference System = {Residual Energy, Centrality, RSSI}
IF (U; is alive) then

Select CHs based on Fuzzy Logic Rules with the highest chances
else

Formation of clusters

end if

end while

6. SIMULATION SETTINGS

The WSN network was simulated by employing MATLAB with the aim to evaluate its energy
consumption. The performance is evaluated based on 3 performance metrics: First Dead Node (FDN), last
Dead Node (LDN), and Total Dead Node (TDN). FDN is measured by the time required for the very first
sensor nodes to die in the network, while LDN is the time for the last node to die in the network. Moreover,
TDN is the number of the dead node after certain rounds. The proposed protocol known as Relay Access
Protocol (RAP) protocol was compared with Stable Election Protocol (SEP) and MAP protocol.
The simulation parameters setting in experiments are presented in Table 1.

Table 1. The Simulation Parameter Settings

Parameter Value
Sensor Nodes 100
Network Coverage 100 mx 100 m
Position of Base Station ~ Center (50,50)
1-tier Radius 25M
2-tier Radius 50 M
Energy (J) 1J
Number of bits 8000

7.  SIMULATION RESULTS

The experiments were divided into several sets, while the first one observes the FDN and LDN that
consists of a combination of input parameters i.e., ResCen, ResRSSI, and ResCenRSSI. Furthermore,
performances of RAP with MAP and SEP in terms of FDN and LDN were evaluated. Afterward, the packet
received by CHs and BS was analyzed for such combination parameter. Finally, total dead nodes between
RAP, MAP, and SEP were analyzed.

Figure 4 shows the FDN and LDN for a combination of ResCen, ResRSSI, and ResCenRSSI input
parameters. At the initial state, all the sensor nodes contained high energy which resulted in the existence of
no dead nodes. After a while, nodes began to die in the 3711th, 3643th, and 3994th iterations for ResCen,
ResRSSI, and ResCenRSSlI, respectively. During this state, child nodes attempt to transmit data to their
respective CHs, and from CHs to the relay node, and from the relay node to BS, which in fact would lead to
energy depletion. Moreover, competition among sensor nodes for data transmission leads to energy loss as
well. At around 5000th, it can be observed that the number of dead nodes is steadily maintained for all
combinations of input parameters for a certain period, as the remaining number of alive nodes is low.
Through the existence of the small number of sensor nodes, the reduction can be observed in the competition
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for data transmission, while the process of energy dissipation will be very slow. Until 5204th iteration, LND
was first observed in ResRSSI followed by ResCen and ResCenRSSI at 5204th and 5222th iterations,
respectively. The combination of ResCenRSSI has the best performance in terms of FND and LDN, since it
considers the path loss of the nodes to be selected as CHs.
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Figure 4. First Dead Node (FDN) and Last Dead Node (LDN) for Different Combination of Fuzzy Descriptor

Figure 5 illustrates the performance evaluation of RAP, MAP, and SEP in terms of FDN and LDN.
It can be observed that the FDN for RAP and MAP have a slight alteration at 3993th and 3711th iterations,
respectively. However, the earliest FDN for SEP was observed at 709th iteration. The LDN for RAP, MAP,
and SEP were at 5222th, 5022nd, and 5010th iterations, respectively.
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Figure 5. First Dead Node (FDN) and Last Dead Node (LDN) of RAP, MAP and SEP

According to the obtained results, the RAP protocol that utilizes RSSI based schemes for CHs
selection has the best performance in terms of FND and LND. This is due to the fact that the proposed
combination of input parameters selects the potential CH that has the strongest received signal which
relatively depends on the centrality and residual energy of the nodes. The efficiency of ResCenRSSI was
verified in this experiment which was observed to outperform the MAP and SEP by 18% and 35%,
respectively. MAP protocol utilizes three combination parameters known as residual energy, centrality, and
communication cost. The performance of MAP is considered to be acceptable where it demonstrates the
stability of dead nodes for the most period of iterations. In fact, the proposed RSSI input parameters in this
study consider the communication cost when estimating the path loss of each sensor nodes as well, whereas
the distance is a crucial element in the path loss equation. This indicates that the received signal strength was
taking its effect, as the distances between nodes and BS became shorter, that could be more significant than
the communication cost input parameter.

Figures 6 shows the average residual energy per iteration in the network when each protocol was run
until the end of its lifetime. The energy consumption of an iteration comprised of the energy consumed
during clustering formation and data transmission. The average residual energy decreased steadily although
there were frequent changes of CHs due to the high number of sensor nodes. This proved that the proposed
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approach performed well with a high number of sensor nodes. The average residual energy of the protocol
was determined by the CHs selection approach and data transmission strategy, which led to an energy
consumption efficiency. Thus, it was obvious that the proposed relay communication and new combination
of input parameters could greatly improve the energy efficiency of MAP, resulting in an energy
cost decrease.
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Figure 6. Average Residual Energy

8. CONCLUSION

In this study, three combinations of fuzzy input parameters known as residual energy, centrality,
and RSSI were proposed. The RSSI was recommended in order to resolve the high energy consumption when
CHs with low received signal strength are selected. Through simulations, it was demonstrated that the
proposed combination of input parameters outperformed the ResCen and ResComm. In addition, the obtained
results confirmed that integration of RSSI with residual energy and centrality input parameter through the
utilization of Fuzzy approach is able to accurately estimate the chance of CHs, which could contribute to
longer network lifetime as compared to SEP and MAP protocols. In conclusion, the experimental results
obtained in this study could provide an insight on the feasibility of employing RSSI measurements in
CHs selection.
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