FuzzyTOPSIS based Cluster Head selection in mobile sensor
networks
Article (Published Version)

Khan, Bilal Muhammad, Bilal, Rabia and Young, Rupert (2018) Fuzzy-TOPSIS based Cluster
Head selection in mobile sensor networks. Journal of Electrical Systems and Information
Technology, 5 (3). pp. 928-943. ISSN 2314-7172
This version is available from Sussex Research Online: http://sro.sussex.ac.uk/id/eprint/66082/
This document is made available in accordance with publisher policies and may differ from the
published version or from the version of record. If you wish to cite this item you are advised to
consult the publisher’s version. Please see the URL above for details on accessing the published
version.

Copyright and reuse:
Sussex Research Online is a digital repository of the research output of the University.
Copyright and all moral rights to the version of the paper presented here belong to the individual
author(s) and/or other copyright owners. To the extent reasonable and practicable, the material
made available in SRO has been checked for eligibility before being made available.
Copies of full text items generally can be reproduced, displayed or performed and given to third
parties in any format or medium for personal research or study, educational, or not-for-profit
purposes without prior permission or charge, provided that the authors, title and full bibliographic
details are credited, a hyperlink and/or URL is given for the original metadata page and the
content is not changed in any way.

http://sro.sussex.ac.uk

Available online at www.sciencedirect.com

ScienceDirect
Journal of Electrical Systems and Information Technology 5 (2018) 928–943

Fuzzy-TOPSIS based Cluster Head selection in mobile wireless
sensor networks
Bilal Muhammad Khan a,∗ , Rabia Bilal b , Rupert Young c
a

National University of Sciences and Technology (NUST) Islamabad
b Usman Institute of Technology Katrachi, Pakistan
c University of Susses, UK

Received 28 August 2016; received in revised form 26 November 2016; accepted 5 December 2016
Available online 4 January 2017

Abstract
One of the critical parameters of Wireless Sensor Networks (WSNs) is node lifetime. There are various methods to increase WSN
node lifetime, the clustering technique is being one of them. In clustering, selection of a desired percentage of Cluster Heads (CHs) is
performed among the sensor nodes (SNs). Selected CHs are responsible for collecting data from their member nodes, aggregating the
data and finally sending it to the sink. In this paper, we propose a Fuzzy-TOPSIS technique, based on multi criteria decision making,
to choose CH efficiently and effectively to maximize the WSN lifetime. We will consider several criteria including: residual energy;
node energy consumption rate; number of neighbor nodes; average distance between neighboring nodes; and distance from the sink.
A threshold based intra-cluster and inter-cluster multi-hop communication mechanism is used to decrease energy consumption. We
have also analyzed the impact of node density and different types of mobility strategies in order to investigate impact over WSN
lifetime. In order to maximize the load distribution in the WSN, a predictable mobility with octagonal trajectory is proposed. This
results in improvement of overall network lifetime and latency. Results shows that the proposed scheme improves the network
lifetime by 60%, conserve energy by 80%, a significant reduction of frequent Cluster Head (CH) per round selection by 25% is
achieved as compared to the conventional Fuzzy and LEACH protocols.
© 2016 Electronics Research Institute (ERI). Production and hosting by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Clustering; Mobile sink; Stability; Multi Decision; Energy; Lifetime

1. Introduction
Wireless Sensor Networks (WSNs) consist of a large number of sensor nodes (SNs), randomly deployed to sense
and monitor the physical and environmental conditions, as schematically shown in Fig. 1. WSNs have become a reality
because of development and advancement in micro-electro-mechanical systems (MEMS), resulting in very small SN
∗
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Fig. 1. A distributed WSN system (Akyildiz et al., 2002).

Fig. 2. (a) Random deployment of SNs in a WSN field (b) Clustering formation in WSN field.

size, including its wireless communication components (Akyildiz et al., 2002). As shown in Fig. 1, there are four main
components in WSNs, which include: SNs to accumulate data from the desired geographical area; an interconnection
network through which SNs transmit data to a sink/gateway; a central data gathering mechanism (known as a sink);
and a set of computing resources at the user end for further storage, processing and analysis (Akyildiz et al., 2002).
WSNs have numerous applications, such as environmental monitoring, structural health monitoring, military and
natural disaster detection and monitoring (Li et al., 2010). Cost-effectiveness in data sensing and gathering is a primary
concern. Due to the compactness of wireless SNs, limited power and energy is available; therefore, the efficient and
effective utilization of energy in WSNs is required (Lhadi et al., 2014).
Clustering is the technique in which selection of a Cluster Head (CH) is performed to preserve energy consumption
in WSN. The CH collects data from its member nodes by using a time division multiple access (TDMA) technique
and then compresses and aggregates the data in order to remove redundancy. After that, the CH sends compressed and
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Fig. 3. (a) Proposed threshold based intra-cluster and inter-cluster multi-hop communication model (b) Random and predictable sink mobility
trajectories.

aggregated data to the sink (Heinzelman et al., 2000). In this research paper, CH selection is based on Fuzzy-TOPSIS
and a Multi-Criteria Decision Making (MCDM) technique is proposed. Fuzzy-TOPSIS based CH selection plays a key
role for optimizing energy utilization efficiency. Research on the method of the Fuzzy Technique for Preference by
Similarity to Ideal Solution (Fuzzy-TOPSIS) was performed by Hwang and Yoon (1981) as far back as 1981. TOPSIS is
used in business as well as in engineering applications. Fuzzy TOPSIS chooses the best alternatives based on the concept
of compromise solution. It chooses the solution with the farthest Euclidean distance from the negative ideal solution and
the shortest Euclidean distance from the positive ideal solution. The method consists of forming an m × n matrix with
m number of alternatives and n number of attributes for each alternative (Kavitha and Vijayalakshmi, 2010). Other AI
based techniques (Valipour and Montazar, 2012; Khoshravesh et al., 2015; Valipour, 2014) are presented in literature
that takes into account several decision making criteria for irrigational system. However these techniques required
complex computation which prevents them to be used in low resource WSN nodes. Five criteria are considered in this
research paper to select a CH, including: remaining energy of the node (residual energy); node energy consumption
rate; number of neighbor nodes (node density); average distance between neighboring nodes; and distance from the
sink. A threshold based intra-cluster and inter-cluster multi-hop communication mechanism is used to in order to
reduce energy consumption which depends upon whether the distance from the CH or sink is greater than some set
threshold. Also, a predictable mobility with an octagonal trajectory is proposed in order to further maximize the proper
load distribution and reduce average latency based on time critical applications in WSNs.
2. Related work
Network lifetime in WSNs is widely improved if a proper clustering algorithm is used for CH selection. A lot of
work has been devoted to CH selection, and many clustering algorithms have been proposed.
One of the first CH based algorithms to be proposed was the Low Energy Adaptive Cluster Hierarchy (LEACH)
(Hwang and Yoon, 1981). The LEACH algorithm is divided into two phases i.e. the set up phase and steady state phase.
In the set up phase, numbers of Cluster Heads are selected among the sensor nodes (SNs) with fixed probability. The
selected CHs broadcast advertisements to other nodes within a specific transmission range; the remaining nodes collect
multiple broadcast advertisements from different CHs and become a member of a particular CH with high radio signal
strength indicator (RSSI) value by sending an associated request. Then CH creates TDMA scheduling, which depends
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Fig. 4. Number of Dead Nodes vs. number of rounds.

upon the number of member nodes. In the steady state phase, SNs send sensed information to their corresponding CHs,
which compress and aggregate the received data and finally send to the sink. After some specific time re-clustering
is performed. LEACH performs better as compared to other routing protocols in terms of load balancing and energy
efficiency. Heinzelman et al. (2002) propose centralized LEACH (C-LEACH) to further improve the performance of
the LEACH protocol. In C-LEACH the sink selects CHs, instead of SNs themselves. The C-LEACH algorithm gives
better results than the LEACH algorithm. In the Hybrid Energy-Efficient Distributed (HEED) Protocol (Younis and
Fahmy, 2004), Cluster Heads are selected based on the nodes’ remaining energy and node degree. In the LEACHMobile (LEACH-M) paper (Kim and Chung, 2006), this protocol provides mobility of SNs. LEACH-M ensures the
communication of a mobile node with a CH. In Azada (2013) CH selection criteria based on a fuzzy Multiple Attribute
Decision Making (MADM) approach is proposed. In this protocol a centralized sink centralized is used to select CHs.
The protocols discussed above are based on a single or two criteria with mobile nodes or sink selected CHs
(centralized). Due to the centralized scheme, nodes periodically send Hello control packets to the sink, which increases
control overheads in the network. In this scheme the CH also changes after every round, and this also increases control
overhead packets. In LEACH-M SNs are mobile, which require the sending of Hello control packets more often, which
increases load on the network.
The protocols discussed above are complex, significantly fails to conserve valuable energy and does not maintain
acceptable network performance while the network is mobile and sporadic. However the proposed Fuzzy scheme for
CH selection criteria significantly reduces the amount of energy consumed by the network; moreover the frequent CH
selection is reduced by many folds. This performance of the protocol significantly increases the network lifetime which
is one of the most important features for Wireless Sensor Networks. The proposed scheme not only increase the data
rate of overall network but also has a positive impact over network reliability and connectivity; thus enabling ad hoc
WSN to be used in more reliable and safety critical condition without any maintenance for considerable amount of
time.
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Fig. 5. Average number of CH per round.

3. The proposed scheme
In the proposed scheme for CH selection, SNs take decisions themselves based on a ranking index value obtained
by using five criteria. The selected CH broadcasts an advertisement to its neighboring node within its transmission
range. The remaining SNs receive multiple advertisements from different CHs in their transmission ranges, and then
decide to associate with the CH which has minimum distance or maximum RSSI value. The proposed scheme makes
sure that the CHs are not changed in every round in order to minimize overheads in the set-up phase. Change of CHs
depend upon some threshold. If the selected CH threshold value is smaller than the other neighboring nodes, then
re-clustering is performed.
The cluster selection process is divided it into six phases: random deployment of SNs; neighbor nodes discovery; CH
selection; CH formation; intra-cluster and inter-cluster multi-hop communication mechanism; and finally sink mobility
with predictable octagonal and random trajectories. The detailed procedure of the proposed scheme is explained below.
3.1. Phase-1
Initially all SNs are deployed randomly in the WSN field because it is considered a simple and low-cost strategy of
deployment, as shown in Fig. 2(a). After deployment, the sink node broadcasts a Hello control packet in the network,
which contains information about its location.
3.2. Phase 2
Neighbor discovery is performed in phase 2; all SNs broadcast a Hello control packet in their transmission range TR ,
by using the carrier sense multiple access (CSMA) technique. The Hello control packet contains important information
such as: residual energy (criteria-1, C1 ); node energy consumption rate, C2 ; node density, C3 ; average distance between
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Fig. 6. CH change rate per round.

Fig. 7. Number of packets to the sink.
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Fig. 8. Number of packets to the CHs.

this node and its neighbor nodes, C4 ; distance from the sink node, C5 ; and node location and ID information. Initially,
the node has no information about its neighbors, so C2 –C4 fields are kept empty in the Hello control packet. All SNs
update their neighborhood table after receiving the Hello control packet from neighboring nodes as shown in Eq. (1):
⎛
⎞
C1
C2
C3
C4
C5
a1 ⎜
⎟
⎜ x1,1
x1,2
x1,3
x1,4
x1,5 ⎟
⎜
⎟
a2 ⎜
⎟
⎜ x2,1
x2,2
x2,3
x2,4
x2,5 ⎟
⎜
⎟
(1)
Tk = a3 ⎜
⎟
⎜ x3,1
⎟
x
x
x
x
3,2
3,3
3,4
3,5
⎜
⎟
.. ⎜
⎟
. ⎜.
..
..
..
..
⎟
⎝ ..
⎠
.
.
.
.
an+1
xn+1,1 xn+1,2 xn+1,3 xn+1,4 xn+1,5
where, Tk is the neighborhood table for node k and n is number of nodes.
3.3. Phase 3
CH selection is performed in phase 3, using the Fuzzy-TOPSIS method. As all values in the neighborhood table
are not in the same range, the values must be normalized to a similar range in order to fairly select a CH. C1 and C3
contain larger values, so these are normalized with Eq. (2) for use in CH selection:

xi,j − min∀i xi,j


(2)
Xi,j =
max∀i xi,j − min∀i xi,j
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Fig. 9. Average network energy consumption per round.

On the other hand, for C2 –C5 smaller values are used for CH selection, so these values are separately normalized
with Eq. (3):

Xi,j


max∀i xi,j − xi,j


=
max∀i xi,j − min∀i xi,j

(3)

Then a weighted decision matrix is formed by assigning criteria weights to each value of the normalized matrix Xk .
After that, maximum and minimum values are calculated from Eqs. (4) and (5), respectively.
⎛

X1,1

⎜
⎜ X2,1
⎜
⎜
Xk = ⎜
⎜ X3,1
⎜
⎜ ..
⎝.
Xn+1,1

X1,2

X1,3

X1,4

X1,5

X2,2

X2,3

X2,4

X2,5

X3,2

X3,3

X3,4

X3,5

..
.
Xn+1,2

..
.
Xn+1,3

..
.
Xn+1,4

..
.
Xn+1,5

where, Xk is normalized matrix for node k.

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

(4)
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Fig. 10. Impact of node density over network lifetime.
Table 1
Transformed fuzzy membership functions.
Rank

Membership function

Very Low (VL)
Low (L)
Medium (M)
High (H)
Very High (VH)

(0.00, 0.05, 0.15, 0.20, 0.25)
(0.20, 0.25, 0.35, 0.40, 0.45)
(0.40, 0.48, 0.54, 0.60, 0.65)
(0.60, 0.68, 0.74, 0.80, 0.85)
(0.80, 0.88, 0.93, 0.97, 1.00)

After normalization of the decision matrix, each value is replaced according to its rank value, and then transformed
to fuzzy membership functions as shown in Table 1. However, is not easy to assign exact values of the SNs for each
fuzzy membership function. Thus the processing sequence is presented in Eq. (5):
⎛

X11

⎜
⎜ X21
⎜
⎜
X=⎜
⎜ X31
⎜
..
⎜
⎝
.
X(n+1)1

X12

X13

X14

X15

X22

X23

X24

X25

X32

X33

X34

X35

..
.

..
.

X(n+1)2

X(n+1)3

..
.
X(n+1)4

..
.
X(n+1)5

where, X is the weighted decision matrix.

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

(5)
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Fig. 11. Impact of different types of node mobility strategy over WSN lifetime.

The separation measures are calculated with the help of the n-dimensional Euclidean distances of each alternative
using the fuzzy negative ideal solution (FNIS) and fuzzy positive ideal solution (FPIS) which are shown in Eqs. (6)
and (7), respectively.


FPIS = X1+ , X2+ , .., Xn+ = maxi Xij |i = 1, · · ·, m , j = 1.., (n + 1)

(6)


FNIS = X1− , X2− , .., Xn−

= mini Xij |i = 1, · · ·, m , j = 1.., (n + 1)

(7)

Finally, the Rank Index (R.I.) is calculated which is shown in Eq. (8). The node with the highest R.I. in its transmission
range will be selected as the CH.
Rank Index = R.I =

D−
D+ + D−

(8)

where
+

5

D =
i=1

−

5

D =
i=1

n+1
2


Xij − Xj+

(9)

j=1

n+1
2


Xij − Xj−
j=1

(10)
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Fig. 12. BER vs. Eb No for the proposed scheme.

3.4. Phase 4
In phase 4, clustering is formed. The CH announces itself as the CH within its transmission range; the other nodes
in that region will be associated with the CH by sending a joining request as shown in Fig. 2(b). Then the CH creates
TDMA scheduling depending upon the number of node members associated with it. CHs are not changed in every
round in order to minimize overheads due to the set-up phase. Change of CH depends upon a threshold with a value
set to 0.011. When the selected CH threshold value is smaller than the other neighboring nodes, the re-clustering is
performed.
3.5. Phase 5
A communication mechanism is used after successful CH selection and formation. A threshold based intra-cluster
and inter-cluster multi-hop communication mechanism is used, to allow a more realistic and practical model to be
considered, as shown in Fig. 3(a). If the node distance from the CH is greater than 5 m then the most suitable other
node is selected to forward the data to the CH with the minimum energy usage possible. Similarly, if the distance of
the CH from the sink is greater than 15 m, then the other suitable CH is selected to forward the data to the sink with
minimum energy usage possible.
3.6. Phase 6
Finally, after every round completion, the sink moves its position by using sink predictable mobility with an octagonal
trajectory. In the same way SNs and CHs move their position in a random manner after every round. The sink random
and predictable mobility is shown in Fig. 3(b).
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Fig. 13. Comparison of proposed scheme with AWGN channel.

Table 2
Simulation Parameters.
Parameters

Value

Simulation area
No. of sensor nodes
Initial sink position
Initial energy of each node
Range of sensor nodes
Information data packet size
Hello control packet size
Data aggregation energy of node
Transmission energy (ETX )
Reception energy (ERX )
Transmitter amplifier (Eamp )

100 × 100 m2
100
(50,75)
0.5 J
20 m
500 bytes
25 bytes
50 pj/bit/report
50 nj/bit
50 nj/bit
100 pj/bit/m2

4. Simulation results and analysis
In this paper, results are compared with the most familiar LEACH (Hwang and Yoon, 1981) protocol and previous
fuzzy environment based schemes (Azada, 2013). Simulation parameters are given in Table 2.
A simple radio model is considered (Hwang and Yoon, 1981). In this radio model we assume that the radio channel
is symmetric i.e. the energy required for transmitting a message from node A to node B is similar to the energy required
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Table 3
Criteria Weight.
Criteria

SC1

SC2

SC3

SC4

SC5

Residual energy (CW1 )
Node energy consumption rate (CW2 )
Node density (CW3 )
Avg. distance between neighbors (CW4 )
Distance from sink (CW5 )

0.6
0.1
0.1
0.1
0.1

0.1
0.6
0.1
0.1
0.1

0.1
0.1
0.6
0.1
0.1

0.1
0.1
0.1
0.6
0.1

0.1
0.1
0.1
0.1
0.6

Table 4
Network stability, lifetime and throughput for different protocols and scenarios.
Protocol

FND

LND

Packets to CH

Packets to sink

LEACH
Previous fuzzy
Scenario 1
Scenario 2
Scenario 3
Scenario 4
Scenario 5
Scenario mobility

545
689
1516
1479
749
1064
1078
1806

1029
1435
2467
2458
2410
2436
2482
2473

48225
98930
199230
191934
163409
162042
167254
194355

7725
14590
33841
34366
27002
34454
31507
33649

for transmitting a message from node B to node A for a given SNR. Energy consumption in data transmission over a
distance d can be estimated from Eq. (11):

k ∗ Eelec + k ∗ εfs ∗ d 2 if d ≤ do
(11)
ETX =
k ∗ Eelec + k ∗ εmp ∗ d 4 if d ≥ do
where, Eelec is the dissipated energy per bit, fs is the energy used up in the amplifier if d ≤ do and mp is the energy
used up in the amplifier when d ≥ do . Similarly, energy consumption in data collection is given by Eq. (12):
ERX = k ∗ Eelec

(12)

In this work, we have used different weighting criteria for each parameter, in order to investigate which scenario
gives the best possible results; values of different scenarios are shown in Table 3. Then the impact of change of node
density and node mobility type (random and predictable mobility) is also simulated and discussed. We assume that the
channel for data transmission is free of collision and interference. Further, SNs with the support of CHs send data to
the sink by continuously monitoring the environment.
Fig. 4 indicates the number of dead nodes vs. the number of rounds. As the result shows, our proposed scheme
outperforms previous protocols. This is because of threshold based CH selection, minimizing Hello control packets,
and the threshold based multi-hop communication model. Hence the scheme plays a vital role to increase the network
lifetime. Table 4 depicts that the First Node Dead (FND) (network stability) in LEACH to be 545 rounds, and the Last
Node Dead (LND) (network lifetime) to be around 1029 rounds. Similarly, the network stability of previous fuzzy
schemes is predicted to be 589 rounds and a network lifetime to be 1435 rounds. On the other hand, our proposed
Fuzzy-TOPSIS protocol has much better results than the LEACH and previous fuzzy based protocols. We have simulated
different scenarios in our proposed scheme in order to evaluate which scenario has the best possible results.
As Table 4 indicates, in our proposed scheme scenario 1 and 2 have better results in terms of network stability
than scenario 3–5. This is because energy is the main and crucial criterion for WSN, so more weight assignment to
remaining energy or energy consumption rate results in a higher network stability and lifetime.
According to Cui (2002), the WSN is considered to be dead if the first node is dead (network stability). Therefore,
when predictable sink mobility with octagonal trajectories is introduced in scenario 1, the network stability increased
drastically to around 1806 rounds. It is also clear from Table 4 that the higher the network stability and lifetime, the
more packets are sent to the CH and sink by the SNs. So, we propose the Fuzzy-TOPSIS based CH selection is made
with higher weight to the remaining energy and predictable sink mobility with octagonal trajectories. The remaining
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Table 5
Average number of CH per round.
Protocol

Avg. no. of CHs per round

LEACH
Previous fuzzy
Proposed fuzzy TOPSIS

10
18
14

results are compared with LEACH, previous Fuzzy schemes and that based on our proposed scheme (scenario with
best outcome).
Fig. 5 demonstrates the number of CH changes per round. As the result shows, there is a low average number of
CHs per round in the LEACH protocol but there is a rapid change in CH selection, while CH change in previous fuzzy
based protocols is not rapid as in LEACH but uses a high percentage of CHs per round. However, in our proposed
protocol CH change per round is smooth and uses less numbers of CHs per round. Hence, it reduces Hello control
packet overheads. Table 5 shows that the average number of CHs per round in LEACH, previous fuzzy schemes and
in our proposed scheme are 10, 18 and 14, respectively.
Fig. 6 shows that the CH change rate per round. Results indicate that there is rapid change in CH selection in
the LEACH protocol, moderate CH change in the previous fuzzy based protocol, while in our proposed protocol CH
change rate per round is very low. Therefore, our protocol reduces Hello control packet overheads.
Fig. 7 shows that the total number of packets sent to the sink (network throughput) is much higher in our proposed
scheme than the LEACH and previous fuzzy based protocols because of higher network lifetime. Quantitatively, it
shows that the total number of packets sent to the sink in LEACH, previous fuzzy protocols and in our proposed scheme
are 7725, 14,590 and 33,841, respectively.
Fig. 8 indicates that the total number of packets sent to CHs by their neighboring SNs is much higher than the
LEACH protocol and previous fuzzy environment based protocols because of higher network lifetime in our proposed
scheme. Table 6 indicates the total number of packets sent to the CHs and sink for different protocols. Quantitatively,
it shows that the total number of packets sent to the CHs in LEACH, previous fuzzy protocols and in our proposed
scheme are 48,225, 98,930 and 199,230, respectively.
Fig. 9 displays the network energy consumption per round. It is clear from Fig. 9 that the network energy consumption
per round is less as compared to the LEACH protocol and previous fuzzy based protocols. This is because of threshold
based CH selection minimizing Hello control packets, and the threshold based multi-hop communication model.
Quantitatively, the average network energy consumption per round in the LEACH protocol, previous fuzzy schemes
and in our proposed scheme are: 0.05, 0.035 and 0.02, respectively.
In Fig. 10 the impact of node density in our proposed scheme is simulated and the result shows that with increase
in the number of SNs there is little increase in network lifetime. On the other hand, the number of packets to the sink
(network throughput) directly depends on the node density. This is due to the percentage of CHs directly depending
upon the node density.
Fig. 11 displays the impact of different types of node mobility strategy on network stability and lifetime. It is clear
that only sink predictable and random mobility have much better results as compared to the other mobility types. The
reason being that in case of predictable movement of sink node all the transmitting node will exactly know when the
sink node will be within their radio range to transmit their data and hence they go to sleep mode until the sink node
arrives in their communication range thus conserving valuable energy and increasing network lifetime considerably.
However with Random CH mobility as this is well establish that in case of WSN nodes do not communicate directly
with each other. Any communication among the nodes should be done via CH; since CH is randomly mobile nodes
will wait for the CH to come within the radio range and in turn waste precious amount of energy by turning their
radio ON all the time waiting for the CH to come within their communication range, in turn decreasing network life
time with respect to the predictable mobility model. In all mobile nodes model more frequent CH and SN position and
topology changes, more overhead in terms of Hello control packets and increased processing overheads. This in turn
causes more numbers of packets to be dropped and so results in a reduction in WSN network lifetime.
In this paper, all previous results discussed were based on communications that were free of interference and
collision. In order to extend the depth of analysis, we have added an Additive White Gaussian Noise (AWGN) channel
to the model in LEACH, previous fuzzy schemes and in our proposed scheme. We have also used Binary Phase Shifting
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Table 6
Comparison with previous criteria based schemes.
Protocol

No. of
para-meters

Parameter type

FND

LND

Fault Tolerant Election Protocol
(FTEP) (Bansal et al., 2008)
Improved-LEACH (Wang et al.,
2010)
Cluster-Head Election Algorithm
Using a Takagi-Sugeno (CHEATS)
(Pires et al., 2011)
Fuzzy based Energy Efficient
Clustering (Md. Alim et al., 2013)
Hybrid, Energy Efficient Distributed
clustering (HEED) (Younis and
Fahmy, 2004)
Improved Fuzzy Unequal Clustering
(IFUC) (Mao et al., 2013)
Analytical Hierarchy Process (AHP)
(Yin et al., 2006)
Previous Fuzzy (Azada, 2013)

1

Remaining energy

565

1123

2

Remaining Energy and coverage

556

1179

2

Remaining energy and distance from sink

616

1125

2

Residual energy and node centrality

634

1148

2

Node residual energy and node degree

685

1276

3

Residual energy, distance to sink and local density

803

1319

3

Energy, mobility and the distance of nodes to the
involved cluster centroid
Residual energy, number of neighbors, distance from
base station
Distance of a node from the cluster centroid, remaining
battery power, degree of mobility, and vulnerability
index.
Residual energy, node energy consumption rate, number
of neighbor nodes, average distance between
neighboring nodes and distance from sink

775

1398

589

1435

802

1619

1806

2473

3

Decision Tree
(DT) (Ahmed and Khan, 2008)

4

Proposed scheme

5

Key (BPSK) digital modulation. The sensor nodes transmit at a power level varying between 10 mW to 15 mW (−20 dB
to −18 dB), while the receiving end uses the maximum likelihood detection criterion to demodulate and extract the
transmitted information. Fig. 12 shows the comparison of Bit Error Rate (BER) to Noise Power Spectral Density ratio
(Eb No ) for our proposed scheme.
Fig. 13 demonstrates the impact of the AWGN channel in our proposed scheme. It is clear from the figure that the
overall network lifetime is reduced when we introduce the AWGN channel in LEACH, previous fuzzy schemes and in
our proposed scheme. However, our proposed scheme with the AWGN channel still has a much better network lifetime
when compared with the LEACH and Previous Fuzzy based schemes without the AWGN channel.
Table 6 compares our proposed scheme with other criteria based WSN schemes. It is clear from the table that our
proposed scheme outperforms previous protocols in terms of network stability and lifetime. This is because of threshold
based CH selection to reduce the number of Hello control packets, sink predictable mobility and use of a threshold
based inter-cluster and intra-cluster multi-hop communication model.
5. Conclusion
In this research paper, we recommend a routing algorithm for Cluster Head selection based on Fuzzy-TOPSIS with
predictable sink mobility having octagonal trajectory. We have considered five criteria, including: residual energy;
node energy consumption rate; number of neighbor nodes; average distance between neighboring node; and distance
from the sink. Threshold based intra-cluster and inter-cluster multi-hop communication is also considered. Simulation
results indicate that, without an AWGN channel model, the network lifetime of our proposed scheme increased as
compared to LEACH and previous fuzzy based schemes by around 140% and 72%, respectively. With an AWGN
channel model, the network lifetime of our proposed scheme increased as compared to LEACH and previous fuzzy
based schemes by around 60% and 15%, respectively. On the other hand, impact of node density on WSN lifetime is
very negligible and hence our scheme provides a robust network as well.
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In future work, CH selection based on a Fuzzy Flexible-TOPSIS (Fuzzy F-TOPSIS) scheme will be implemented
to further enhance the ability to deal with vagueness in the Fuzzy TOPSIS method.
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