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Abstract— This paper describes the concept of energy holes in
sensor networks, their effects on network lifetime and various
techniques to avoid them. The lifespan of sensor networks finish
in short duration due to the presence of energy holes. A
comparative study of strength and shortcoming of various
techniques for combating energy holes problem has been
discussed which shows that none of energy balanced protocol
completely removes the energy holes from the sensor network. A
non-uniform distribution of nodes towards the sink improves
network lifespan.
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I. INTRODUCTION

With the enhancement in MEMS technologies, a large
number of low priced sensor nodes are possible in an area. A
sensor mote can be used to measure a specific phenomenon in
the monitored area e.g. temperature, pressure, humidity etc. A
wireless sensor network (WSN) [1] consists of a large amount
of sensors and an information receiving hub known as sink.
WSN are used in a variety of applications like traffic
monitoring, environment supervision and health monitoring
[2]. Sensor networks interrelate with outer world via a sink
node. Sensor nodes are limited battery powered and have a
fixed transmission range. As a node can transmits only up to a
fix number of hops, nodes use multi-hop forwarding to
transmit data towards the sink node. Due to fix transmission
range of nodes, nodes near the sink have to transmit more data
as compared to other nodes, an energy imbalance problem
known as energy hole emerges near the sink [3]. This paper
compares the different existing techniques to reduced energy
holes problem. Fig. 1 explains a wireless sensor network
scenario.

Il. RELATED WORK

Ahmed et al. have done a survey on holes problems in
WSNSs. However they are not specific about energy holes and
holes removing mechanisms [4]. Jabeur et al. have given a
cause effect solution perspective to all types of sensor holes
[5]. Authors have provided effects of holes on network and
described some existing approach to prevent, avoid, detect and
repair holes. Khan et al. have described challenges in
detecting holes in network [6]. Fang et al. have proposed
method to locate and bypass holes in network [7]. Due to
energy holes network dies quickly. Authors in [8] show that
because of energy holes 90% energy of network remains
unused. Forgoing research shows that energy depletion near
the sink is more and presence of energy hole in network leads
to earlier death of network. Network lifespan is determined by
feeblest node in network while spatial and temporal are the
important features of network lifetime. In this work, detailed

analysis of available techniques in the literature has been
summarized.
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Fig. 1 An example of wireless sensor network

I1l. ENERGY HOLES

Energy Holes can be of two types, one in outer area and
other near the sink node depending on the type of transmission.
If direct transmission [9] is used nodes which are far off the
sink node needs more transmission power to transmit their
data to sink node and therefore deplete their energy faster as
compared to nodes near the sink. However in case of multi-
hop communication energy holes appears near the sink node.
Nodes near the sink node carry heavy traffic as compared to
other nodes. With time battery power of nodes start depleting
as shown in Fig. 2 and Fig. 3.
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Fig. 2 Energy depletion in sensor network over time
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Fig. 3 Energy holes creation in sensor network
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IV.ENERGY MODEL USED IN WSN

First order radio energy model [10] has been used in many
protocols to determine energy efficiency of the protocol as
shown in Fig. 4. According to first order radio model
depletion of energy in transmission depends on the distance
between transmitter and receiver sensors as shown in Eq. 1.
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Where Erx is the energy consumed in transmission. It
depends on the distance between transmitter sensor and

receiver sensor.
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Fig. 4 First order radio energy model

If distance is less than cross over point do [10] free space
model (d?) is used else multiple-path fading channel model (d*)
is used. Energy consumed in receiving is given by Eq. 2.

ERX[k) :Eelec xS (3)

o Eqe isthe radio energy dissipation, used to activate the
transmitter and receiver circuit board.

o &y and ewoay are amplifier energies, the energy
required by power amplification to achieve an
acceptable bit-error rate in the two models.

e sisthe size of data packet.

V. ANALYSIS OF EXISTING ENERGY HOLES REMOVING
TECHNIQUES

A. Clustering Based Techniques

LEACH [10] is a well-known energy balancing protocol in
WSNs. In LEACH sensor nodes are clustered in to  cluster
members and cluster heads. Cluster heads receive data from
members, aggregate it and transmit to the sink. To reduce
energy depletion of cluster head, it is changed at every round.
A senor node can turn out to be a CH just once in an epoch
and sensor nodes not selected as a Cluster Head in present
round have a chance to become cluster head in next round.
However there is no uniform distribution of cluster heads in
LEACH. There is a possibility that nodes in an area not
covered by any CH may lead to higher energy depletion and
therefore creates energy holes. LEACH is a good energy
balancing protocol but it does not provide the solution for
energy holes. Fig. 5 shows a cluster formation process in
which some nodes are not covered by any cluster head; hence
these nodes will deplete power quicker than other nodes in
network, leading to energy holes.
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Fig. 5 Cluster formation process for 100 sensor nodes

Rasheed et al. have proposed energy efficient hole
removing mechanism [11]. They have used sleep and awake
mechanism to save energy of sensors. Further they have
calculated a threshold energy required for transmission. If
nodes’ energy falls below threshold value, nodes do not
transmit and goes to sleep state. Nodes far off the sink
increases sleep probability. As some nodes are always in sleep
mode they can rest and activate when energy of other nodes
depleted. However distribution of sleep nodes is not uniform
over the network. It is possible that some nodes are in sleep
mode and some have depleted their energy near the sink node.
Now network will not work. Author in [12] has used a cluster
tree repair mechanism to combat holes problem. In order to
choose CHs with higher energy, the parameter of cluster head
selection is built on the fraction between the average
remaining energy of neighbour sensors and the remaining
energy of the sensor itself. Bencan et al. have proposed an
Energy-Heterogeneous Clustering Scheme to Avoid Energy
Holes. This scheme allows the initial energy of the sensors to
be diverse with the distance to sink. The nodes nearer to sink
have more energy [13].

B. Non-Uniform Node Distribution Techniques

Wu et al. have examined the theoretical traits of the non-
uniform node distribution strategy in WSNSs, to avoid the
energy holes nearby the sink [14]. They proved that
suboptimal energy efficiency is possible in inward portions of
network if the number of nodes upsurges with geometric
proportion from the outward parts to the inward ones. This
strategy achieves almost balanced energy consumption, and
merely less than 10% of the total energy is unexploited when
the network lifetime has finished. Wu et al. further used g-
switch routing protocol to avoid energy holes in network with
non-uniform node distribution [15]. Authors in [16] have
combined the advantages of unequal cluster size and non-
uniform node distribution, to eliminate the energy holes
problem. Most of the non-uniform strategies involves co-
centric circle (corona) model as shown in Fig. 6. Pathak et al.
have used an exponential distribution of nodes towards the
sink with hybrid routing to solve holes issue [17]. Olariu and
Stojmenovic [3] examined the likelihood of evading energy
holes by a non-uniform node distribution technique. They
conclude that balanced energy consumption can be
accomplished when the node density pi of the ith corona is
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relational to (k+1-i), where k is the optimum number of
coronas. Lian et al. have proposed a non-uniform technique
[18] to improve data capacity of the network. Node relays are
added to network to improve data received by the sink. They
have also used sleep based scheduling to preserve energy in
the network. Advantages of non-uniform strategies are
improved network lifetime, improved residual energy ratio
and better data delivery ratio but this strategy has
disadvantages also for example it incurs some cost in terms of
the total number of nodes because more number of nodes has
to be deployed near the sink and it can leads to unbalanced
energy depletion.
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Fig. 6 Corona based non-uniform node distribution strategy for sensor nodes

C. Mobility Based Techniques

Cardei et al. have taken higher node density in region
nearer to the sink [19]. They have proposed a movement aided
sensor arrangement with the purpose of fulfilling the density
requirements according to the distance of sensors from the
sink. Marta et al. have used the concept of multiple mobile
sinks that changes their location when the neighbouring
nodes’ power becomes low [20]. So sinks always move to an
area of high energy zone. Fig. 7 shows the movement of sinks
from lower energy regions to higher energy regions.
Advantages of this approach are good energy utilization and
improved network lifetime. But shortcoming of this approach
is that sinks must be interconnected all the time.

D. Region Based Techniques
Zhang et al. have divided the sensing field in to several

regions and placed more sensors in the areas nearer to the sink.

They have examined the spatially unbalanced energy
consumption of the region based routing scheme [21].
Advantage of this approach is that it does not required energy
information hence there is no influence of energy information
synchronization on the performance of network. Disadvantage
of the approach is that nodes which are out of communication
range uses multi-hop and if a node in its multi-hop path dies,
it can’t further communicate as no information about energy
level of nodes. Nadeem et al. have also divide the region in to
multiple region and used dual communication technique in
sink region and cluster region. They have used gateway node
to assist transmission between cluster heads and the sink [22].
This approach reduces transmission distance between node
and the sink but it increase cost of gateway node deployment

as gateway node is rechargeable. It is not good in situation
where gateway node cannot be recharged e.g. in mine area.
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Fig. 7 Movement of sinks to maintain energy balance in monitored region

E. Transmission Based Techniques

Jia et al. have proposed a pixel based transmission
mechanism to avoid holes. Information for any pixel in the
target zone is sent just the once and thus reducing
transmission of duplicate messages [23]. This approach solves
the energy unbalanced consumption problem of non-uniform
node distribution method. Disadvantage of this approach is
that each node must be aware of its location. Quang et al. have
proposed a transmission range adjustment technique for holes
problem [24]. This approach adjusts the transmission range of
sensors based on residual energy and their distance from the
sink. But this requires calculation at every round.

F. Optimization Based Techniques

Feng et al. have proposed a particle swarm optimization
based routing algorithm to avoid energy holes [25].The
advantage of this approach is that it gives a generalized
process of balanced energy consumption, it is topology
independent. However this approach is not applicable to
hierarchical network structure. Liao et al. have proposed an
ant colony optimization based approach to combat energy
holes problem [26]. They have proposed a sweep-based
mechanism to move the sensors as requested, further they
transformed the placement problem into the multiple knapsack
problem. Son et al. have proposed ACO algorithm to solve
holes problem by balancing the traffic of data transmitted in
the optimum route with transition probability. ACLR practices
nodes remaining energy in transition probability to way data
packets in a more energy-efficient method [27].

G. Genetic Algorithm Based Techniques

Feng et al. have used the genetic algorithm for solving the
routing problem about avoiding the energy-hole [28], [29].
This approach is applicable to both flat and hierarchical
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networks. Drawback of this approach is that there is a no core
optimization device and this approach does not consider multi 1]
path routing.

[2
H. Node Deployment Technique:

There exist some deployment strategies where location of 3]
nodes is fixed. There is no random distribution of nodes like
in clustering based protocols. Halder et al. have given a
deployment strategy where location of nodes is predetermined  [4]
[30]. They have divided Network coverage area is into
systematic hexagonal cells and layers. The cells of the layer |5
are further categorized in to primary and secondary cells. This
approach has improved network lifetime but lacks of
flexibility as nodes location is fixed. Fig. 8 gives the complete

. [6]
process scenario.
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Fig. 8 Predetermined location of sensors in hexagonal cells and layers
V1. CONCLUSIONS [14]
This paper presents a survey on techniques used for
reducing energy holes problem in wireless sensor networks. It 15
has been concluded that among all techniques Non-uniform
distribution strategy has been most effective technique.
However any of the technique is not capable to completely [16]
removing the holes from the network. Non-uniform
distribution energy has improved network lifespan and data [17]
delivery ratio but it is costly. Clustering techniques provides
fair load balancing but some region may remain uncovered.
By wusing different probability distributions for nodes [18]
deployment network lifetime can be maximized. An energy
holes removing method must consider spatial-temporal
aspects for nodes deployment. [19]
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