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Abstract

Hierarchical clustering algorithms have been proposed to minimize energy
consumption by sensor nodes under power constraints in a wireless sensor network.
However, previously reported methods such as backbone construction algorithms
consume energy quickly at the cluster head nodes. A cluster head node must therefore be
changed periodically by election among the available sensor nodes, to transfer
aggregated data from one cluster head node to another for as long as possible. This study
investigates the clustering algorithm and cluster head election methodology among
sensors to efficiently control energy consumption. This paper presents comparison results
between the conventional and proposed schemes of clustering algorithms.

Keywords: hierarchical clustering algorithm, wireless sensor network, cluster head
node, sensor node, energy consumption

1. Introduction

Wireless sensor networks (WSNSs) have witnessed significant progress over the last few
decades. This has led to development of a wide range of applications. Owing to the
development of semiconductor technology, micro-electro-mechanical-system (MEMS)
sensor design technology has achieved low-power operation and enabled development of
relatively inexpensive wireless micro-sensors that can be widely applied to WSNs. [1]
Sensors in a WSN, can monitor the natural environment in large areas under harsh
weather conditions and limitations of power constraints. Data aggregation and
transmission by these sensors must ensure robust operation under power constraints, even
when exposed to hostile environments [2, 3].

Tiny sensors can be used in high-quality network applications requiring hundreds or
thousands of sensors. It is almost impossible to replace batteries in such large-scale
deployed networks because there is no human intervention after deployment. [4] Energy-
efficient routing to save the battery power of sensor nodes is a key issue in a WSN, which
consists of a base station and hundreds or thousands of sensor nodes. The grouping
algorithm of the sensor nodes has been widely researched in the field of communication
to minimize power consumption. [5] Conventional clustering technology builds clusters
based on a uniform network environment. However, in a real environment, a non-uniform
network can be formed depending on the geographical characteristics or the sensor node
distribution method. [6] In this non-uniform network environment, when the existing
absolute hop-distance-based clustering technique is applied, clusters in a region with
higher sensor node density have larger number of sensor nodes than clusters in regions
with a relatively low node density. Therefore, such an environment would result in
uneven clusters. Cluster head (CH) nodes in uneven clusters increase energy consumption,
which causes unbalanced energy consumption in the sensor network, thereby shortening
network lifetime. [7] When a CH node is powered off, it cannot send data packets to other
nodes. Therefore, one of the other head nodes should act as the new cluster node for
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transmission of data packets. This reduces the overall network lifetime. [8, 9] It is also
necessary to consider CH node lifetime when forming a cluster to maintain longer
network lifetime. Energy-efficient routings for WSNs such as low energy adaptive
clustering hierarchy (LEACH) scheme [10] use single-hop clustering algorithms in which
the CH node communicates with a sink node directly. However, this algorithm is
inefficient for a CH node that is located at a distance greater than one hop from the sink
node.

Therefore, in this study, we propose a method to construct evenly sized clusters in an
environment with WSNSs, where sensor nodes are deployed non-uniformly to improve the
network lifetime. This paper presents a clustering algorithm based on distances between
sensor nodes, which enables quickly and power-efficient constructions of sensor groups.
The algorithm for election of the CH node is also presented. Further, comparison results
between the proposed and conventional algorithms are presented based on the results
from the simulations.

2. Related Review

CH nodes consume more energy than member nodes because they have to receive data
from member nodes. However, they are efficient for power saving compared to direct
communication with sink node. [11] The LEACH scheme has been proposed to solve this
problem of energy consumption. [12] LEACH is a single-hop clustering scheme for
constructing clusters having a plurality of locally adjacent nodes as members, merging the
collected data, and transmitting them to the sink node. LEACH periodically selects a CH
node within a cluster as an arbitrary node. The selected CH node transmits a message to
other nodes within the communication area, and the node that receives the message
consists of members of the CH node. In this manner, a cluster group is formed. A sensor
node directly transmits data to the CH node, which is located in a cluster group area.
LEACH is a way to extend network lifetime by periodically replacing CH nodes. It
is energy efficient compared to direct transmission to the sink node between all
sensor nodes.

2.1. Radio Channel Model

LEACH algorithm uses a simplified radio model E;.,ice = 50 nJ/bit to operate
transmitter/receiver devices, with €4, = 100 pJ/bit/m?. [12] Figure 1 shows the radio
model.
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Figure 1. Radio Energy Model Between Transmit and Receive Nodes

To transmit a k-bit message to a distance d, the radio model expands as follows:

Erx(k,d) = Erx_gevice(k) + ETx—amp(kr d)
Erx(k,d) = Egepice * k + €amp * k * d? (3)

To receive a k-bit message from the transmit node, the radio model expands as follows
[12]:
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ERx(k; d) = ERrx_device (k)
ERx(k' d) = Egevice * k (4)

Based on previous assumptions, it is seen that total wireless energy consumption
depends on the routing method. If the routing method passes through n paths, the total
energy consumption is as follows:

(ETx(k!n * d) + ERx(k!n * d)) =
(Edevice * Kk + Eamp * k% (n * d)z + Edevice * k) (5)

The distance between nodes on each path is assumed to be the same, i.e., d.

3. Cluster Formation

This paper presents a clustering algorithm based on distance. The concept of cluster
formation is based on the principle of reciprocal attraction between nodes. For cluster
formation based on adjacent nodes, power of the sensor node between adjacent nodes is
defined as f,z(from node A to B) according to the physical distance, and is shown in
Figures 2-a and 2-b. To model the interaction forces between nodes, the distance between
nodes is expressed as unit distance on the x and y axes. The distance between two nodes
(A-B) is d1, which is the same as in case 1, and the interaction force is expressed in
inverse proportion to the distance. Mutual attraction force from node A to B is defined as-
fag- If we expand the number of adjacent nodes to 3, then two types of cases exist
between the nodes: the case 2 and 3. From this, the interaction force can be calculated
based on the distance between each node. Case 4-7 constitute a model that calculates the
interaction with the number of cases that can be formed when the number of adjacent
nodes is four. Similarly, the number of adjacent nodes can be expanded, and the
interaction force for each type can be calculated. When mutual node forces f,5 and f,¢
are orthogonal to each other, the mutual attraction given by fz is calculated as in case 3.
Therefore, the mutual attractive force between f,5 and f, . is greater than-fgc. If f45 and
fac are not orthogonal, then the distance between nodes B and C in case 3 should be
expressed differently. Therefore, the magnitude of the mutual force also changes. Based
on the modeling of the distance between sensor nodes in Figure 2, groups are formed
between adjacent sensor nodes. Figure 3 shows the process of group formation for
arbitrarily deployed sensor nodes. The neighboring nodes have diagrammed the process
of gathering nodes located close to each other. For nodes in coordinates (4, 4), the pulling
forces on both sides have similar strength however, they eventually belong to the strong
pulling group. Consequently, three groups are formed and nodes located at coordinates (4,
4) are registered as members of group B. In this way, applying interaction force between
nodes and to adjacent nodes makes it possible to form a cluster. Figure 4 shows an
example in which approximately 1000 sensors are randomly distributed within a 100100
unit area, and then, clusters are formed between adjacent nodes. Figure 4 shows
simulation results of the proposed clustering algorithm. The cluster formation consists of
two steps. First, in the randomly scattered sensor nodes, the nodes search the distance-
1(1d) node between each node. If they find distance-1 node, they communicate with each
other and note the id number of each node for identification. Second, each node searches
for adjacent nodes that extend to distance-2(2d). In this study, the distance between nodes
affected by reciprocal attraction is limited to 2d.
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Figure 2-a. Distance between Sensor Nodes vs. Force Modeling
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Figure 2-b. Distance between Sensor Nodes vs. Force Modeling
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Figure 3. Example of Group Formation
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Figure 4. Sensor Node Clustering Simulation for a 100x100 Unit Area

3.1. Clustering

The following exaggeration is performed to form a cluster group between
adjacent nodes in the distance model based on the distance of adjacent nodes shown
in Figures 2-a and 2-b.

pl. All nodes send broadcast message including coordinate and distance
information to neighboring nodes.

p2. A node receives a broadcast message including coordinate and distance
information from the adjacent node. Calculate distance from the adjacent node
from which message is received.

p3. Send group member request message.

p4. Receive an acknowledgment message from the requested node.

p5. Each node registers the node that received the acknowledgment message as its
own member

Group formation for all the sensor nodes is completed by performing the above
processes p1—p5.

3.2. Cluster Head Election

After cluster formation, each cluster group has to elect a CH node. Each node has
connectivity to the nodes among the members of the cluster group. From this
connectivity, the node having maximum connectivity among the members can be
found. This node is selected to be a CH node. The process of selecting the CH node
from the formed cluster is shown below.

p6. Calculate connectivity from member nodes of a group
p7. Remove the least connected node first

p8. Return to p6 until there are no adjacent nodes

p9. Broadcast the CH node to the members

p10. All member nodes register the CH.

Selection of the CH node is completed by the procedure shown by p6-p10. Figure 5
shows the election process of the CH node from members belonging to a sample cluster.
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The process of excluding cluster members one at a time from steps (a) to (i) is shown for
a certain cluster group, and a member node corresponding to the coordinates (3, 4) is

selected as a CH node.
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Figure 5. Example of CH Node Election

3.3. Consideration on Energy Consumption Due to Routing

Shortest path from the source to the sink node in the routing algorithm may be
inefficient for energy consumption. Energy consumption of the source node increases
quickly when the direct communication method is applied from the source to the sink
node. Owing to these problems, routing schemes are applied to reduce energy
consumption. However, when the source node is close to the sink node, the direct
communication method is better in terms of energy efficiency. Figure 6 shows results of
the two cases by simulating the number of nodes passing through the distance-based
shortest path and through the round-trip at a specific node. As a result of simulation, the
number of nodes that pass through the shortest path is larger than that of the bypass path.
Results of the simulation with 100 times accumulation are shown in Figure 7. Adjacent
paths are close in distance; therefore, there is room for improvement in energy efficiency
by reducing the number of paths to improve energy efficiency.
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(a) Simulation example 1

(b) Simulation example 2

Figure 6. Routing Path Simulation between Short and Bypass Path
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Figure 7. Number of Paths between Short and Bypass Path

3.4. Cluster Uniformity

Even in an environment where sensor nodes are deployed randomly, it is necessary to
construct a uniform cluster to improve the lifetime of the network. In this study, we
propose a second clustering process based on the clusters formed in the first stage for
cluster homogenization. From the simulation results of the first stage (Figure 8 (a)), it is
seen that the ungrouped sensor nodes still exist. By executing the second step of
clustering, it can be confirmed that the clusters are formed more uniformly in the group
where clusters are not formed or cluster members are less in the first step. The proposed
method uses multi-hop-shortest distance based clustering method and selects member
nodes so that clustering based on Figure 8 (b) and the shortest distance hop count can be
performed.
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Figure 8. Cluster Uniformization Process

4. Simulation Results

Verification of the size of members per group for the results of the cluster group
is needed. Figure 9 shows the cluster group distribution vs. cluster members. If the
number of members per group is considerably large, it is necessary to divide the
group into two or three sub-groups.
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Figure 9. Simulation Results for Number of Groups with the Same Number
of Members

Figure 10 shows the degree of uniformization after the cluster uniformization
process. Simulation results are accumulated 100 times for approximately 1000 nodes
in a 100x100 unit area. The x-axis represents a cluster group with the same number of
members, and the y-axis represents the number of cluster groups of the same member. In
other words, the number of groups having one cluster member is ~60 in the first step,
whereas the number of groups after the second step is reduced to ~40 after the cluster
homogenization process. On the contrary, in the first step, the number of groups having 6
cluster members is ~10, and after the second step, it is increased to ~20 after the process
of homogenizing the cluster. If the number of members per group is large, it is
necessary to divide the group into two or three sub-groups. Consequently, the number
of groups with more than five members in the cluster group increased, and the number of
cluster groups with fewer than five members decreased, thereby improving the uniformity
as a whole. To further improve the cluster equalization rate, several additional steps can
be taken, as shown in Figure 8.

= Before Uniformity

» After Uniioormity

of cluster member

Number

o

0

-
1]
0 ¥y

M
" s
1 1

10 . “ 8 s
i - -

| J 3 \ > ) E 10 1 12 i3 " 1 4 3° b1 "

cluster group with the same number of members

Figure 10. Degree of Uniformity According to the Cluster Group Forming
Step

5. Conclusion

This paper describes a clustering algorithm based on distance and shows the
results of cluster formation in Figure 4. It also shows the algorithm of CH node
election. Proposed algorithm is based on the concept of reciprocal attraction
between nodes. We started with the assumption that there is a pulling force
(reciprocal attraction) between nodes. To improve cluster uniformization, we
proposed an additional clustering process based on distance. As shown in Figure 8,
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we obtained improved results for the uniformity of the clusters. The degree of
uniformity can be improved by repeating the clustering step. The proposed
clustering algorithm is effective for clustering of WSNs because it is simple to
implement and is expected to be effective for low power implementation.
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