ISSN 2278-3091

Volume 9, No.1.5, 2020

International Journal of Advanced Trends in Computer Science and Engineering
Available Online at http://www.warse.org/lJAT CSE/static/pdf/file/ijatcse4891.52020.pdf

https://doi.org/10.30534/ijatcse/2020/4891.52020

Performance Analysis of Multi-hop Technique on Two-tier
Network Clustering in Wireless Sensor Network

Wan Isni Sofiah Wan Din', Asyran Zarizi Abdullah?, RD Rohmat Saedudin®
Faculty of Computing, Universiti Malaysia Pahang, Malaysia, sofiah@ump.edu.my
%politeknik Muadzam Shah, Department of Information Technology & Communication, Malaysia,
asyran.abdullah@gmail.com
*Telkom University, School of Industrial Engineering, Bandung, Indonesia, roja2128@gmail.com

ABSTRACT

Wireless Sensor Network (WSN) is a distributed connection
that consists of many wireless sensor devices. It is used to get
information from surrounding activities or environment and
to send the details to the user for future computation. Due to
its advantages, the WSN has been widely used to help people
to collect, monitor and analyse the data. However, the biggest
limitation of WSN is limited energy consumption which can
affect the network performance. In order to reduce the energy
usage, the process of selecting a path to the destination is very
important. The current implementation uses the single-hop
technique to send and receive data from source to destination
and vice versa. The investigation shows that, the sensor nodes
lifetime can be increased if some changes are made to the data
transmission method. Therefore, the goal of this research is
to increase energy efficiency using multi-hop technique as the
primary transmission to make the network able to operate in a
long period. An enhancement based on the Multi-tier
Algorithm Protocol (MAP) has been produced. The
enhancement technique is implemented to avoid direct
communication between sensor nodes and cluster head,
which is believed to be the main reason that caused inefficient
use of energy (wastage). The proposed approach will give
some advantages to data transmission, especially to the nodes
that are located far from the cluster head. Subsequently, the
experiment has been conducted to investigate the current
implementation and this information has been used to make
some improvements, before the performance of both
techniques will be evaluated. The MATLAB is used to
simulate and generate a graph. The results show that the
enhancement algorithms will save energy up to 30% and is
able to prolong the WSN lifetime with an advantage of 4462
cycles (to become 14283) compared to the original MAP
which recorded only 9824 cycles.

Key words : Clustering, Energy, Multi-Hop, Wireless Sensor
Network.
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1. INTRODUCTION

In today’s Internet of Things, Wireless Sensor Network have
been used widely all around the world. The capability of its
functions allows many applications to be implemented such
as collecting the data in open area network, object tracking,
monitoring for military, and surveillance [1], [2]. This
wireless technology drastically changes the limitation on
wired technology in most of the critical applications. By using
wired technology, less application can be used as it only
operates with a fixed connection and it has limited coverage
range [3]. Additionally, this technology required high cost for
the installation and maintenance compared to the wireless
communication. The implementation of WSN will overcome
the issues with wired connection and make the network more
scalable and flexible to enable the important potential role in
Internet of Things (1oTs) [4] [5].

The family of IEEE 802 standard is used to allow the
communication in Wireless Sensor Network [6]. In WSN
communication, single-hop transmission normally was used
to transmit and received the data. Even though with existence
of cluster head, the data transmission implementation still
same except the cluster head will forward the data to the base
station for the user use. Besides of single hop, multi hop also
isimportant in clustering. Multi-hop has proved in increasing
the WSN performance and can optimized the lifetime of WSN
[7], [8]- Thus, there is an issue in single-hop communication
which is energy conservation. Research show that, the direct
communication between the sensor node and cluster head in
clustering will imposed high energy usage. Plus, if the
location of sensor node is far from the cluster head, it will
deplete the energy fast than the sensor node that near to the
cluster head [9]. Without proper design of the sensor node in
clustering especially during data transmission, it will affect
the whole process in WSN as the energy of the sensor will
deplete fast. Due to that, solutions are needed to meet the
requirements of the fast packet delivery and low delay
transmission to save more energy and increase the lifetime of
WSN. Hence, an implementation of multi-hop technique will
solve the issues. According to [10], single-hop transmission



Wan Isni Sofiah Wan Din et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(1.5), 2020, 340 — 348

consumes more energy than multi-hop. The use of multi-hop
will minimize the energy usage especially in long distance
connection and this will prolong the lifetime of WSN [11].
In this paper, we will evaluate both performances of
single-hop and multi-hop techniques in two-tier network
clustering. Both techniques will measure the energy
consumption and network lifetime by several defined variable
parameters. The remainder of this paper is structured as
follows: the explanation of current implementation and the
theory of the enhancement method will be discussed in
section 2, the performance evaluation and simulation results
where the comparison of both techniques has been discovered
in section 3, and section 4 contains the conclusion of the
results and findings of the technique proposed.

2. RELATED WORKS

The large scale of network needs a multiple tier to perform a
connection of multiple large nodes to the base station. The
more nodes operating in a network, the more tiers are needed.
Itis used to prevent wasted energy from the direct connection
activity. In this situation, it will be divided into two tiers of
network which are tier 1 and tier 2. Each tier contains nodes
with different tasks, with the same aim which is to send and
receive data to and from the base station. The base station acts
as the main network transmission component to the Internet
located within 50 metres radius which is the centre of the
network. The area of 100 x 100 metres will operate 100
randomly distributed static nodes. The area of circle formula
(A = % r2) has been used to get the correct number of nodes
distribution in both tiers. The amount of sensor nodes in the
second layer needs to be tripled than the ones in the first layer
which contains 25 nodes and the rest are located in tier 2. The
calculation details are shown in Figure. 1:

A =7t x r2 (For first layer)
B=m (2r)2=47 r2

Area for second tier =B — A
=4 7r2- (T r2)

=37 r2

Figure 1: Calculation for nodes distribution in tier 1 and tier 2

The current implementation uses Multi-Tier Algorithm
Protocol (MAP) [12] to select a cluster head that is able to
work in WSN multiple tiers, using Fuzzy Logic. Based on the
investigations [13], on the MAP transmission between nodes
using single-hop, the lifetime of the sensor node can be
increased if some changes are made to the data transmission.
MAP uses 3 types of nodes: blue node represents normal
sensor node, purple is secondary cluster head (SCH), and red
is primary cluster head (PCH). The centre of the cluster has a
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red rectangle as shown in Figure 4 which represents the base
station. The PCH node has been selected by using K-Optimal
formula. It is responsible for cluster formation and data
forwarding to the base station. There are different amounts of
PCH in both tiers. Tier 1 has 7 nodes and tier 2 has 12 nodes.
Figure 2 shows the implementation of K-Optimal to distribute
nodes of PCH.

kopt_tierl =
round((sgrt(noTierl)/sqrt(2*pi))*sqrt(Efs/Emp)*(M/(d2bs"2)));

Figure 2: K-Optimal formula for primary node placement

The noTierl is the number of nodes in tier 1 which is 25
nodes, and 75 nodes for tier 2. The Efs is the amplification of
energy when value d is less than d0. Emp is the amplification
energy when d is greater than dO, and Etx is the transmitter
energy per node. The distance to the base station (d2bs) is 50
metres. K-Optimal will distribute the PCH nodes in tier 1 and
tier 2 as shown in Figure 3.

[2891319 2325 ]

V
PCH members in Tier 1

[33 37 52 58 64 65 67 68 76 81 94 95]

|
PCH members in Tier 2

Figure 3: PCH member in tier 1 and tier 2

The SCH node is used to collect and compile the data before
sending them to the PCH [14]. SCH will be randomly selected
from the cluster groups. Each of the clusters should have 1
PCH and 1 SCH to perform the network operation. Figure 4
shows the random distribution of 100 nodes allocated in tier 1
and tier 2. The connection of nodes in the network has been
done by using two techniques which are single-hop and
multi-hop. The previous researcher used single-hop to operate
in MAP which produced positive results in terms of energy
consumption compared to LEACH technique. Based on the
previous experiment, LEACH recorded the last iteration of
node at 4999, while MAP at 9824 [12].
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Figure 4: Node distribution in two-tier network
clustering

Although the MAP needs a lot of changes to achieve their
goals, the transmission method still uses the same technique
which is single-hop. This can be improved to obtain better
results. The single-hop transmission will connect from nodes
to SCH, SCH to PCH and PCH to the base station. This
approach will waste energy when the nodes are located far
from the destination [15] and need to carry multiple large data
(10000 bits) to the SCH. This will affect the energy
consumption with fast reduction of the nodes, making the
nodes die when the energy is recorded below the threshold.

3. MULTI-HOP TECHNIQUE

The multi-hop transmission will operate in the same cluster
group, and it will bring some good changes in terms of energy
consumption. As shown in Figure 5(b), each of the nodes will
send the data to the nearest node before sending to the SCH,
which is different with single-hop technique as shown in
Figure 5(a), where all nodes will send the data directly to the
SCH. The implementation of both techniques has their
strengths and weaknesses. The single-hop technique will send
and receive data in one-to-one transmission. There will be no
need to load more data from other nodes and will ensure the
nodes have more space and time to run their tasks. Besides,
the multi-hop approach will carry the data of other members
to the destination which will burden and affect the energy of
the nodes. In fact, the experiment shows that the first node
dies faster in multi-hop compared to single-hop.

342

9
————
/’.
% — o
b .«1—.‘r
PCH SCH &0

Figure 5: (a) Single-hop and (b) Multi-hop transmission

However, to prolong the lifetime of a network as stated in

the objective, multi-hop technique is the best option [16]. It
extends the last dead node of single-hop from 9824 to 14283
in 2000 bits data transmission, and also increases in all tested
bits of data. The nodes located far from SCH will get an
advantage. Using single-hop will take more energy to
transmit the data to the destination, but the multi-hop nodes
in the same spot will only send the data to the nearest node
leading to an increased energy efficiency [17].
Multi-hop is implemented in WSN, where all of the sensor
nodes are connected to each other as shown in Figure 6. The
blue line represents the connection between nodes to nodes,
whereas the connection of red line is between normal nodes
and SCH. The green line shows the connection between SCH
to PCH and vice versa. This approach will help the nodes to
save their energy and extend the network lifetime because
there is no need to transmit the data in long transmission. But
the nearest node has to be found in the same cluster group
before sending the data.

100 Sensor Node
Cluster Head
70 |8 Primary CH
&0 Base Station
50 . )
First Tier
40
a0
20 Second Tier
10

Figure 6: Multi-hop communication in MAP
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The radius is the length of circle from the centre to any node.
It is used to find the nearest nodes between two types of
connection in a cluster group, which can be either from SCH
to other nodes and from nodes to nodes, as long as both
connections will enable a multi-hop transmission. The
coverage of radius is based on a distance formula between
involved nodes as shown in Figure 7. It will calculate the
distance between SCH and other nodes in a cluster group. For
example, if the result of distance_node is 5 metres, then all
nodes located in the distance of 5 metres will be able to make
a connection.

distance_node = sqrt((node(list_sch).x - node(k).x)."2 + (node(list_sch).y - node(k).y) 2);

Figure 7: Distance calculation to find a neighbor

Furthermore, the radius determines the length of multi-hop
coverage between any connection at the centre to any
connected nodes in a group. A small radius will cover a small
range of nodes, and a wider radius will cover a wider range of
nodes as shown in Figure 8. Each of the cluster groups will
have a distance measurement of their group. Based on the
information gathered, the radius will find their path to enable
a multi-hop connection. Figure 8(a) explains that in a
configuration of 5 metres radius from the centre-point, it
cannot make a connection to any node because the nearest
node radius is more than 5 metres. Figure 8(b) shows the
connection between centre-point to the nearest nodes in a
radius of 8 metres.
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Figure 8: The use of radius in cluster group
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To enable the multihop connection, the value of the radius
must be increased to allow multiple connections from the
centre-point to any range of radius. 15 metres of radius is used
from the centre-point of node 71 as shown in Figure 8 and will
create multiple paths to other connected nodes at coordinates
53, 81, 85 and one direct connection to SCH which is node 28.
All of the connected nodes will send and receive data to and
from the center-point, before the node at the centre forwards
all data to the connected SCH.

Figure 9: Multihop connection from center point of nodes

The algorithm of multihop connection shown in Figure 10
explains how the radius with a lower or equivalent value than
distance_node will generate the multiple paths to other nodes
in the radius range. If the value of the radius is greater than
distance_node, the path will not be generated. This means the
value is out of the cluster group range.

distance node =

sqrt((node(list_sch}.x - node (k) .x) .2
+ (node(list_sch}.y - node (k) .y} .*2);
if distance node <= radius
connectivity Matrix(list sch,
list normal) = 1:
line({[node(k) .x
node (list normal) .x],
node (list normal).yl,
'Color','b', 'LineStyle’','-");

[node (k) .y

else
connectivity Matrix(list sch, k)=
inf;

end

Figure 10: Implementation of multi-hop connection
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3.1 Data Transmission Algorithm

The operation of the current implementation will send the
data directly from the node to cluster head. The data will be
collected, aggregated and compressed by the cluster head
before transmitted to the base station. Figure 11 shows the
algorithm of data transmission performed in tier 1 and tier 2.

START
FOR each node
IF node alive
send data to CH
END
END
END

Figure 11: MAP Algorithm for sending a data to destination

Meanwhile, an enhancement of data transmission as shown in
Figure 12 will improve the energy consumption where each
node will find the nearest nodes to enable a multi-hop
connection and prevent a long transmission.

START
For each node

IF node alive
find the nearest node from sender based on the radius.
build a multihop connection to CH
send data to CH via multihop connection
END
END
END

Figure 12: An enhancement algorithm using multi-hop for sending a
data to destination

3.2 Energy Consumption Model

This experiment will use 1 joule as the unit of energy for each
node. Energy reductions occur based on node activity, where
the node with zero joule is considered as a dead node [18].
The nodes using a lot of energy when carrying large data sizes
are located far from the destination require more time and
energy for data transmission. As a dead node cannot perform
any task, the nearest node will take over the operation. The
changing of path selection technique, from single-hop to
multi-hop also requires a change in energy model. The
single-hop energy is configured from all cluster group
members to a single SCH and PCH, while the multi-hop
energy from cluster group nodes to nodes will find the shortest
path to transmit the data before sending to the PCH. The
energy formula as shown in Figure 13 is used by computing
the distance (d) between transmitter and receiver nodes. The
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distance will control and compensate for the loss of energy. If
the distance (d) is less than the threshold value (d0), the (d?)
model will be used. Otherwise, the (d*4) model is used.

k X Ectec +k X Efs X dz.ffd <d0

Ery (k,d) = (1)

k X Eetec+k X Emp x d*if d <d0

Figure 13: Transmission energy formula

The E_TX is the energy taken to transmit the packet. E_fs is
the amount of energy consumption for the free space. E_elec
is the energy dissipation of radio transceiver circuitry and
E_mp is the energy needed for the transmit amplifier. The
formula is based on the distance where (d) uses Pythagoras
theorem to calculate the distance between nodes, while

Efs In MAP, all

do — J— is the threshold distance value.

mp
nodes are given a random and default energy. Based on the
distance between each node, the energy will be calculated
from the source to the destination node. In single-hop, the
energy will be counted from one-to-one transmission, while in
multi-hop, it will be counted from one-to-many destinations.
Figure 14 shows the multi-hop energy configuration between
nodes to nodes in MATLAB.

d=

sqri((node(k) x-node(k).x)"2 +H{node(k).y-node(k).y)"2);

node(k) numBitsK = node(k) numBitsK + numBitsK;

dx =

sqri((node(k).x-node(sch) x)"2 +(node(k).y-
node(sch) y)"2);

node(sch) numBitsK = node(sch) numBitsK +
numBitsK;

if d<1do

node(x).energy = node(x).energy - ((Etx +
EDA) * numBitsK + Efs * numBitsK * d"2);

glse

node(x) energy = node(x) energy - (Etx + EDA) *
nmumBitsK + Emp * numBitsK * d°4);

end
*x) = kor sch

Figure 14: Distance calculation between connected nodes to nodes
Each of the nodes needs to find the distance between the
connected nodes. For example, node A will calculate the
distance between A to B and A to C. The distance is used to
control the energy consumption in the network. If the distance
is less than dO, it will use the low energy for data
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transmission. If the distance is above d0, then the high energy
will be used.

4. PERFORMANCE EVALUATION

The implementation of multi-hop routing for path selection

will reduce the energy usage and improves the network
performance where the sensor node will send the data to the
nearest node before the data is received by the base station.
Logically, the previous implementation using single-hop will
consume more energy and affect the network lifetime [19].
The comparison needs to be done to find the best approach for
energy consumption in WSN environment. The goal of this
project is to enhance the efficiency of energy usage to enable
the sensor node to operate for a longer period. There are some
techniques that can be used to achieve this goal. The way of
selecting the best path in the network clustering [20] will
reduce the load of node transaction between sensor nodes and
cluster head. The experiment will use several parameters,
where the number of nodes, maximum iteration, bits packet
transaction and energy supply will repeatedly be changed to
get different results. In this section, there are disclosures
about the simulation results using several parameters. The
one-to-one comparison between the current implementation
and the new approach that used the same parameters and
datasets has been discovered. The development process from
nodes distribution, network tiers formation to running the
code will be discussed. The results of both experiments will be
analysed to determine the best solution to reduce energy
consumption.
The MATLAB R2016a simulation tool is used to measure the
performance of single-hop and multi-hop techniques. The
simulation uses the parameters/datasets as shown in Table 1,
where the length and width of the simulation area is 100
metres each. The number of nodes is 100, with 1 joule of
energy. The bits data transfer from minimum size of data
starts from 2000 bits until it reaches 10000 bits, with an
increment of 2000 bits for each cycle. This implementation
will operate by 10000 and 15000 maximum iterations (only
for 2000 bits data) where all parameters are tested in the three
experiments. Graphs showing the results of sensor nodes
maximum lifetime and average energy loss are produced to
facilitate comparisons between both techniques.

Table 1: Parameter used in this simulation process

Parameter Value

Network Simulator Matlab R2016a

Technique Singlehop & Multihop

Simulation Area 100 x 100 meter

MAC Type 802.11 IEEE

No. of nodes 100 nodes

Maximum lteration 15000

Enegy 1 joule

Number of bits 2000, 4000, 6000, 8000,
10000
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The performance of single-hop and multi-hop techniques in
terms of energy consumption and maximum sensor nodes
lifetime will be analysed. The goal of this experiment is to
prove the usage of multi-hop technique will save more energy
and is able to extend the network lifetime compared to
single-hop technique. The graphs and results of the number of
nodes are as shown in Figure. 15, 16 and Table 2.

The experiment has been done with 10000 iterations (2000
bits use 15000 iteration) with the same datasets and energy
supply. In Figure 15 and 16, they show the differences
between single-hop and multi-hop techniques with the focus
on the first and last node dead. When more nodes survived the
long iteration cycles, it proves that efficient use of energy has
been successfully implemented. Overall, it can be seen that
the first node of multi-hop will die earlier than single-hop, as
shown in Figure 15(e). The first node found dead in multi-hop
technique is at the 92nd iteration. Single-hop technique
recorded its first dead node at iteration number 1462. The
same pattern of information can be seen in (a), (b), (c), and (d)
as shown in Table 2. The size of the bits will affect the lifetime
of the nodes. The small size of the bits will undergo the
maximum iteration as performed by 2000 bits, while the size
of the large bits (10000 bits) will be burdened to transmit the
data and caused it to die earlier compared to other bits.
There is a positive increase of multi-hop technique in terms of
energy usage, where at 2000 bits it saved 30% of energy
compared to single-hop. At 4000 bits, it recorded 71.42% of
the energy supplied, while single-hop recorded only 49.12%.
There is a difference of approximately 22.3% of energy
consumption that is not fully utilised by single-hop. At 6000
bits of data, single-hop wasted around 14.87% of energy
compared to multi-hop which registered an increase to
47.63%. The 8000 and 10000 number of bits also shows an
increment in multi-hop technique with 11.16% and 8.93%
compared to the current implementation technique.

Table 2: The first and last node dead in a 2000 until 10 000 bits of

transfer

No of Multi-hop Single-hop
bits 1% dead | Last | 1°dead Last
dead dead
2000 458 14283 7309 9824
4000 229 7142 33655 4912
6000 153 4763 2437 3276
8000 115 3573 1828 2457
10 000 92 2859 1426 1966
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The average energy loss for both techniques has been
analysed. The results are as shown in Table 3. The experiment
uses the same bits of data where the maximum iteration is
15000 with 1 joule of energy to operate at different number of
bits (2000 to 10000).

Table 3: The average energy loss in multi-hop and single-hop

technique
Bits Single-hop Multi-hop
10,000 0.11321 0.06234
8000 0.14182 0.07085
6000 0.17562 0.08374
4000 0.24738 0.10794
2000 0.42117 0.18312

The multi-hop technique is able to fully utilise the energy
given where it can perform until 14283 iterations, while
single-hop records a maximum iteration of only 9824. The
new approach also shows the efficiency of energy usage as
shown in Figure 18 where it only uses a total of 1.8703 joules
energy for 10000 bits transmission and can operate until 2859
iterations (average is 0.06234 at each cycle). In the current
implementation, it uses 3.2831 joules (average is 0.11321 at
each cycle) for only 1966 iterations.
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Figure 18: Average energy loss in new approach
The energy distribution is based on how many nodes remain.
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The multi-hop technique causes nodes to die faster. When
only several nodes are still active, the energy will be
distributed to a small cluster group and saves more energy.
However, the single-hop technique has to distribute the
energy to many cluster groups. The data shows that at 2000
bits and 8600 iterations, the multi-hop recorded 91 dead
nodes and only 9 were active. Single-hop reported that 18
nodes died. Therefore, the distribution of energy for 9 and 82
nodes will make a huge difference in terms of energy saving
[23].

5. CONCLUSION

In this paper, the performance analysis of single-hop and
multi-hop techniques on two-tier network clustering using
various parameters has been done. Overall, the algorithm has
successfully achieved the objective. Based on the results, it
shows that the multi-hop performance is better than
single-hop in terms of energy consumption and network
lifetime. The technique will save 38% of energy and is able to
operate in a longer period compared to single-hop.
Furthermore, it can also extend the node lifetime [24]. The
original MAP can only operate up to 9824 iterations, but the
implementation of multi-hop technique can reach up to 14284
iterations (with the advantage of 4459 cycles) with 30%
increment from the previous implementation. This paper can
also be enhanced by implementing other multi-hop routing
protocol with different parameters and metric units which can
produce a more accurate result [25]. Plus, the coordination of
the sensor nodes could be improved by using other approach
such as K-Means and the energy consumption will be
conserved during data transmission either in single-hop or
multi-hop.
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