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ABSTRACT

The imbalance of energy consumption of the nodes in Wireless Sensor Networks causes
some nodes to die prematurely leading to network partitions. The nodes near the base
station suffer from such a problem called the “hot spot problem or energy hole problem”.
These nodes die due to heavy load on them to relay other nodes’ traffic towards the base
station. Hence an important issue in the design of wireless sensor networks is to beat this
problem. This paper reviews all of the proposed solutions to overcome the hot spot
problem.

Keywords: Hot Spot, Multihop, Clustering

1. INTRODUCTION

A Wireless Sensor Network (WSN) [1],[2] is a network formed by a large
number of densely deployed sensor nodes. The rapid development of wireless
communication technology, low cost sensing devices and miniaturization of these
devices has led to the increased use of these networks in many areas like military,
traffic management, medical, industry, etc [27]. The architecture of a sensor
network generally consists of a set of sensor nodes and a sink. The sensor nodes
sense data in their surroundings and send this data to the sink node where the user
accesses this data. The sensor nodes also act as relay nodes as these forward data of
other sensor nodes to reach the sink.

Sensor nodes have various constraints [3] of processing power, memory,
battery, etc. Since these networks are deployed mainly in unattended environments,

How to cite this article (APA): Pearl, Datta, S., and Tiwari, K. (2024). A Survey on Strategies to Mitigate Hot Spot Problem in 294
Wireless Sensor Networks. ShodhKosh: Journal of Visual and Performing Arts, 5(5), 294-303. doi:

10.29121/shodhkosh.v5.i5.2024.1855


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://doi.org/10.29121/granthaalayah.v9.i6.2021.3923
https://dx.doi.org/10.29121/granthaalayah.v10.i3.2022.4503
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
mailto:Pearlantil12@gmail.com
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.29121/shodhkosh.v5.i5.2024.1855&domain=pdf&date_stamp=2024-05-31
mailto:Pearlantil12@gmail.com
mailto:subhasis.datta@bcrec.ac.in
mailto:kamalika.tiwari@bcrec.ac.in

A Survey on Strategies to Mitigate Hot Spot Problem in Wireless Sensor Networks

it becomes nearly impossible to replace the batteries of the nodes once these are
drained out. Therefore the constraint of battery is highly considerable and energy
efficient mechanisms that preserve the battery of these nodes needs to be employed.

If a sensor node runs out of battery, it loses its functionality and affects the
communication capability of the neighboring nodes. This eventually creates
network partitions and makes the sensor network non-functional thereby reducing
network lifetime. The problem is much more severe in nodes near the base station
as they are responsible for relaying the network traffic to the sink. The area
comprising this set of sensor nodes is called the hot spot region.

The rest of the paper is organized as follows: Section 2 describes the hot spot
problem in WSNs. Section 3 discusses techniques to mitigate them. Section 4
concludes the paper.

2. HOT SPOTS IN WSN

In multihop networks, nodes closer to base station are responsible for
additional work of forwarding the data of the nodes those are farther from the base
station. This many-to- one traffic pattern overloads the nearby sensor nodes thereby
draining their batteries at faster rate. Wadaa et al [4] claims that by the time the
nodes which are one hop away from the sink exhaust their energy, sensors farther
from sink can have 93% of their initial energy. The area surrounding sink where the
nodes die prematurely is referred as hot spot region as shown in Figure 1.

Figure 1

Base Station

-

¢ Hot Spot Region

Figure 1 Hot Spot Region

“Hot spot or energy hole problem” is defined as the isolation of sink node due
to power exhaustion of sink close-by nodes [4].

3. TECHNIQUES TO MITIGATE HOT SPOT PROBLEM THERE
EXISTS A LARGE BODY OF RESEARCH WORK WHICH
FOCUSES

on reducing or removing the hot spot problem in WSNs. In the following section,
some of the existing approaches have been discussed.

1) Transmission Power Control

With an increase in a node’s distance from a base station the amount of data
that needs to be transmitted by it increases considerably [23][25]. Use of intelligent
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transmission power control policies such as allowing node to support multiple
transmission ranges [5] can solve this problem. In this approach, nodes that are
away from sink transmit their data over longer distances (though not directly to
sink). When a node is distributing its outgoing packets over multiple distances, it
must use minimum transmission power required to send packets at different
distances. But this

ardfe 2 <a< 6
Dopt = {  (a-2)e
T, a= 2

approach uses the energy of some nodes inefficiently.
2) Clustering mechanisms

In clustering mechanisms, a cluster head aggregates the data received from the
member nodes of its cluster. The cluster head then sends its aggregated data
towards the sink via a single hop or multiple hops. Hence there exist two types of
communication viz. intercluster and intracluster communication. Keeping in mind
delay and energy consumption, direct transmission is employed for intracluster
communication while for intercluster communication multi-hop communication
paradigm is preferred over single-hop communication. But this multi- hop
communication causes many-to-one traffic pattern which results in the hot spot
problem. CHs near the base station have a huge amount of traffic, causing a hot spot
in that area and thereby decreasing the network lifetime [25].

Ye et al. [6] propose a technique to create an optimal size where a is path loss
exponent, Tx is the transmission range and Ee & € are parameters of transmitting
and receiving circuitry.

Yu et al. [7] present Energy Aware Distributed Unequal Clustering (EADUC)
protocol that solves the energy hole problem in WSNs. Each round in the protocol
consists of two phases: setup phase and data transmission phase. The setup phase
consists of three subphases: neighbor node information collection phase, cluster
head competition phase and cluster formation phase. The algorithm elects CHs
based on the ratio of average residual energy of neighboring sensor nodes and
residual energy of the node itself. It builds smaller clusters near the sink so that the
energy of the nodes nearer to the sink can be consumed for relaying the intercluster
data. These unequal cluster sizes are formed based on the competition radius RC,
calculated by each node as follows: of hot spot so that lifetime of the network can be
increased. The technique is applied on a clustered network, where the sensing field
is in the form of a disk of radius R with base station at the center of the field. This

disk field is divided
dmax — d pBS ET
Ro=f-qtee= A g Feyg

into m disjoint concentric sets called coronas, with m concentric circles of radii
0 <rl<r2<..<rm=R.Ineachround, the network is organized into clusters where
sensors transmit their data to respective CHs and CHs forward the aggregated data
from coronas Ci to Ci-1 until the data reaches CO i.e. the BS as explained in Figure 2.
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Figure 2

. - Base Station
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Figure 2 Data Forwarding from Outer Coronas to Inner Coronas

where d (si, BS) is distance from node si to BS, a and 8 are weighted factors in
[0,1], Er is the residual energy of node si, Rmax is the maximum value of competition
radius. For large values of d (si, BS) and Er, corresponding value of RC is large, which
implies that CHs with high residual energy and farther from BS will control larger
cluster areas. The approach is highly scalable and reliable, has acceptable algorithm
overhead and has no isolate points.

Nurhayati et al. [8] propose a Weight-Based Unequal Clustering Routing
(WBUCR) Protocol that uses a weight metric to choose CHs. This weight metric takes
into account the residual energy of the node, distance of node to the BS, difference
in degrees of node, number of neighbor nodes and number of node difference. The
sensing field is organized into different partitions (Pi) as shown in figure 3 where
each partition is divided into clusters. Clusters near the BS are smaller than clusters
that are far away.

It can be seen that the lifetime of the network depends on the lifetime of corona
C1 as it carries the relay traffic. Thus lifetime of C1 must be maximized which can be
done by optimizing the size of C1 and the number of clusters in the network.

The optimal value of r1 is:
Figure 3

Base Station

Figure 3 Weight Based Unequal Clustering Routing Protocol
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In every partition a cluster head leader is elected so as to transmit data between
different partitions. The protocol consists of two phases: set-up phase and data
transmission phase. Set-up phase involves selecting CH and associating nodes to
them. In data transmission phase, cluster members send the sensed data to
respective CHs where the data is aggregated and is sent to leader CH. The leader
node sends this data to the leader node in next partition closer to the sink and this
continues until data reaches the sink.

3) Node Mobility

Node mobility can be exploited in mobile WSNs to provide an efficient solution
to hot spot problem. Mechanisms that utilize node mobility can be classified into
three categories namely, mechanisms using mobile sink, mechanisms using mobile
relays and mechanisms using mobile node [9].

e Using mobile sink:

Nodes forward their data to sink when mobile sink gets closer thus shortening
the multi-hop delivery paths. The path followed by sink should be decided
judiciously otherwise the whole concept of mobile sink will be destroyed. Sink can
either move autonomously Mobile Sink based Routing Protocol (MSRP) for
extending network lifetime in clustered WSN. The protocol works in two phases:
Setup phase and steady phase. In the setup phase, CH aggregate data received from
a sensor node or on predetermined paths. Babar Nazir et al [10] propose within its
cluster and then, wait for mobile sink to come near its vicinity. When mobile sink
reaches new location, it broadcasts the beacon message containing their location so
that nearby CHs can sense its presence and can send their respective data to sink.
After intercepting a beacon message, CH send registration message to sink. In steady
phase, sink assigns time slots to all registered CHs. During the allotted time slot
interval, CH can send its data to sink. Sink collect data from cluster head within its
vicinity and then move to a new location. The residual energy of CH is also
piggybacked along with sensed data so as to aid mobile sink in deciding a new
location. Mobile sink moves in such a way that it is always in neighborhood of high
energy CH nodes.

Saad et al. [11] present an Adaptive Moving Strategy (AMS) for mobile sink to
increase the network lifetime in hierarchical sensor networks. Recognizing points
through which sink must pass and optimizing path are two primary tasks of this
strategy. After dividing the network into clusters and electing CHs, it calculates the
centroid of the clusters. Sink moves along a path that passes through centroid of
each cluster. Bees’ algorithm is used to optimize path.

Bi et al. [12] propose Half-quadrant-based moving strategy (HUMS) for mobile
sink in flat sensor networks. Before moving to a new location sink analyzes
information about the residual energy of sensor nodes received during the data
gathering process. To achieve balanced energy distribution sink, move towards the
node that has the highest residual energy. Sink can move only one hop in each round.

A group of nodes having lowest residual energy in the network is termed as
quasi-hotspots. If the sink is far from destination, then it should adapt its trajectory
so as to avoid regions containing quasi-hotspots. There may be a case where a node
has highest residual energy just because it has less neighbors and it is forwarding
data on behalf of few nodes. Such nodes can partition the network; therefore they
are blacklisted. If a node with highest energy lies in the vicinity of quasi-hotspots,
then also it is added to the blacklist.
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e Using mobile nodes:

In uniform deployment, sensor nodes that are near to the base station consume
more energy as they have to forward data from other far away nodes. This uneven
energy consumption leads to formation of energy holes in the target region. These
holes can be healed by relocating sensor nodes after initial deployment in such a
way that node density is high in areas that are closer to sink while minimizing total
sensor moving distance. Cardei et al [13] present some solutions to relocate sensors
so as to prolong the network lifetime. The primary objective in Integer
Programming (IP) method is to reduce total sensor moving distance. If the no of
sensors in a region is greater than, less than or equal to the required no of sensors
then it is a source, hole and neutral region respectively. The whole idea is to move
sensors from the source region to hole region so as to become neutral region. The
localized matching method is a three way mechanism where hole region broadcast
no of sensors to become neutral. Source then responds with the number of sensors
that it can provide. Finally, hole region selects which sensors to take and notifies
their respective source region so that actual movement can take place.

e Using mobile relays:

In order to improve network lifetime, mobile nodes can be used as mobile
relays to carry data to sink. Mobile nodes can perform sensing, transmission and
receiving functions on behalf of co-located static nodes [14], allowing them to enter
into a sleep state.

Banerjee et al. [15] exploit mobility of cluster heads to deal with hotspot
problem in cluster based sensor networks. Each cluster contains static sensors with
CH being mobile. CHs cooperate with each other to allow fair load distribution. Static
nodes send their sensed data to CH within its vicinity which then delivers it to static
sink. Author proposed three mobility schemes for mobile CHs namely, event driven,
energy efficient and hybrid. In the event driven mobility scheme, CHs move to the
location where some event has occurred. In the energy efficient scheme, CH move
towards nodes having high residual energy. The Hybrid scheme combines
advantages of both event driven and energy efficient scheme where initially CH
move towards the event and then consider residual energy for later movements.

4) Multiple sink:

One of the solutions to hot spot problem in large scale WSNs is to decrease the
path length a sensor’s data has to travel to reach the sink node. This can be achieved
by deploying multiple sinks in network. Each sink communicates with sensors that
are certain no of hops away, thus decreasing the average energy consumption of
each sensor node and lowering the latency. The basic idea is to divide a sensor
network into clusters and then assign a sink for each cluster in such a way that the
average hop distance between each sensor node and nearest sink is least possible
value. Clusters should be equal in size to allow even load distribution.

As the no of sink nodes in the network is constrained, therefore their
positioning is a very challenging issue. Problem to find optimal sink positions in
WSN has proved to be NP-complete [16]. The simplest algorithm to find multiple
sink location in WSN is k-means clustering [17] where the network is partitioned
into k disjoint clusters and sinks are deployed at the centroids of clusters. This
algorithm does not guarantee fair partitioning. Deepak R Dandekar et al. [18]
propose another solution based on Particle Swarm Optimization (PSO) for optimal
multi-sink placement problem. Initially, K-mean clustering is used to generate k
clusters and then PSO is used to determine optimal sink locations. Fitness
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parameters used are average hop distance and sink’s 1-hop connectivity. The
exhaustive search used by PSO is computationally expensive.

5) Hybrid Scheme

The energy consumption of the nodes increase as their distance from the sink
decreases and reaches maximum when these nodes fall in the hot spot area. The
amount of data generated by the nodes in a hot spot area is far less than the data
that needs to be relayed by them to the base station. Therefore, the data flowing in
the hot spot area must be reduced. Abdulla et al. [19] propose a hybrid scheme
where hierarchical multi-hop routing is used outside the hot spot region and flat
multi-hop routing is used within the hot spot region as explained in Figure 4.

Figure 4
. : Sink Node

Figure 4 Hybrid Multi-Hop Routing

The hierarchical multi hop routing takes the advantage of data correlation
among neighboring sensor nodes and compresses this correlated data which
reduces the amount of data entering the hot spot region. Inside the hot spot area flat
multi-hop routing is used so as to decrease the transmission distance in the hot spot
area.

6) Query trees

Routing in query trees causes collisions at the internal nodes of the tree as there
are many incoming streams of data into them. A lot of energy of these nodes is
wasted in retransmissions which reduce the lifetime of the network. Chatzimilioudis
etalin [20] propose a distributed Minimum Hotspot Query Routing Tree (MHS) that
reduces collisions at these internal nodes by balancing their degrees. Nodes count
the degrees of the candidate parent nodes and choose the one as parent which has
least degree. MHS algorithm reduces query execution time, prolongs the network
lifetime and increases coverage. It is simple, parameter free and has minimum
communication overhead.

7) Other methods

One of the simplest strategies to prolong the network lifetime is biased
distribution of sensor nodes i.e. deploy more number of nodes in the gateway area
near base station [21]. This approach provides better results than uniform
deployment as network connectivity is dependent on the lifetime of nodes near sink.
It helps in balancing the energy but is not practical in real applications. Babaei et al
in [22] explain an adaptive data centric storage approach which uses a decision
function to select a suitable method that consumes less energy for storing data. This
method adapts dynamically as the rate of event and query production changes.
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4. CONCLUSION

In this paper a survey of current strategies for solving the hot spot problem is
presented. These approaches increase the network lifetime by utilizing the energy
of the network in an efficient way.

Table 1

Table 1 Highlights the Advantages and Disadvantages of Each of Them

Technique Papers Advantages Disadvantages
Transmission Simple Inefficient use of energy
Power Control resources

Clustering [6], Balanced energy Finding optimal number of cluster
mechanisms 71 18 consumption heads is difficult

Node Improve network lifetime, Inappropriate in real scenarios due
Mobility throughput to space and energy constraints

Multiple [17], Lower latency, average More deployment cost, finding
Sink [18] energy consumption per optimal multiple sink location is a
node is decreased challenge

Hybrid High reliability, less power Finding optimal distance where to
Scheme consumption replace multihop routing with flat
routing
Minimum [20] Distributed, minimum Complex
Query Tree communication overhead

Biased Cost effective Impractical in real

Deployment applications

CONFLICT OF INTERESTS

None.

ACKNOWLEDGMENTS

None.

REFERENCES

ShodhKosh: Journal of Visual and Performing Arts 301


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855

Pearl, Subhasis Datta, and Dr. Kamalika Tiwari

Y. Mao, E. Chan and C. Guihai, “On Mitigating Hot Spots for Clustering Mechanisms
in Wireless Sensor Networks,” Mobile Adhoc and Sensor Systems (MASS),
pp. 558-561, 2006

J. Yu, Y. Qi, G. Wang, Q. Guo and X. Gu, “An Energy-Aware Distributed Unequal
Clustering Protocol for Wireless Sensor Networks,” International Journal of
Distributed Sensor Networks, 2011

Nurhayati, S. Choi, K. Lee and K. Rim, “A Weight- Based Unequal Clustering Routing
Protocol in Wireless Sensor Network,” Information and Communication
Technology for the Muslim World (ICT4M), D7-D12, 2010

Y. Yang, M. Fonoage and M.Cardei, “Improving Network Lifetime with Mobile
Wireless Sensor Networks,” Computer Communications, vol 33,issue
4,pp409-419, 2009

B. Nazir and H. Hasbullah, “Mobile Sink based Routing Protocol for Prolonging
Network Lifetime in Clustered Wireless Sensor Network,” Computer
Applications and Industrial Electronics (ICCAIE), pp 624-629, 2010

E.M. Saad, M.H. Awadalla and R.R. Darwish, “A Data Gathering Algorithm for a Mobile
Sink in lArge- Scale Sensor Networks, “The Fourth International Conference
on Wireless and Mobile Communications, 2008

Y. Bi, L. Sun, J. Ma, N. Li, LA. Khan and C. Chen, “HUMS : an Autonomous Moving
Strategy for Mobile Sinks in Data-Gathering Sensor Networks,” Eurasie ,
2007.

M. Cardei, Y. Yang and ]. Wu, “Non-uniform Sensor Deployment in Mobile Wireless
Sensor Networks,” The IEEE International Symposium on a World of
Wireless, Mobile and Multimedia Networks, (WoWMoM’08), June, 2008

T. Banerjee, B. Xie, ].H. Jun and D.P. Agrawal, “Increasing Lifetime of Wireless Sensor
Networks Using Controllable Mobile Cluster Heads,” Wireless
Communications and Mobile Computing ,2009.

W. Wang, v. Srinvasan, K. Chua, Using Mobile Relays to Prolong the Lifetime of
Wireless Sensor Networks, in : MobiCom’05, 2005.

Bogdanov, E. Maneva, and S. Riesenfeld, “Poweraware Base Station Positioning For
Sensor Networks,” Proc. IEEE INFOCOM ’04, Hong Kong,Mar 2004.

J. B. MacQueen, “ Some methods for Classification and Analysis of Multivariate
Observations,” Proceedings of the Fifth Symposium on Math,Statistics and
Probability, 1967

D. Dandekar and P. Deshmukh, “ Energy Balancing Multiple Sink Optimal
Deployment in Multi-hop Wireless Sensor Networks,” Advance Computing
Conference (IACC), pp 408-412, 2013

A. Abdulla, H. Nishiyama and N. Kato, “Extending the Lifetime of Wireless Sensor
Networks : A hYbrid Routing Algorithm,” Computer Communications, Vol.
35, pp.1056-1063, 2012

G. Chatzimilioudis, D. Yazti and D. Gunopulos,“Minimum-Hot-Spot Query Trees for
Wireless Sensor Networks,” Proceedings of the Ninth ACM International
Workshop on Data Engineering for Wireless and Mobile Access, pp. 33-40,
2010

R. Jaichandran, A. A. Irudhayaraj, and ]. raja, “ Effective Strategies and Optimal
Solutions for Hot Spot Problem in Wireless Sensor Networks,” Information
Sciences Signal Processing and their Applications (ISSPA), pp 389-392, 2010

S. Babaei and M. Sabaei, “Adaptive data-centric storage in wireless sensor
networks,” Computer Research and Development (ICCRD), pp. 163-167,
2011

ShodhKosh: Journal of Visual and Performing Arts 302


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855

A Survey on Strategies to Mitigate Hot Spot Problem in Wireless Sensor Networks

Jain, A., Khari, M., Verdq, E. et al. A route selection approach for variable Data
Transmission in Wireless Sensor Networks. Cluster Computing 23, 1697-
1709 (2020).

Abidi W. and Ezzedine T., Effective Clustering Protocol Based on Network Division
for Heterogeneous Wireless Sensor Networks, Computing. (2020) 102, no.
2,413-425

Abdulsahib G. M. and Khalaf O. I, Accurate and Effective Data Collection with
Minimum Energy Path Selection in wlireless Sensor Networks Using Mobile
Sinks, Journal of Information Technology Management. (2021) 13,139-153

M. Logambal and Dr. V. Thiagarasu, "Applications Of Wireless Sensor Networks: An
Overview", JESRT, March 2017

ShodhKosh: Journal of Visual and Performing Arts 303


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855
https://dx.doi.org/10.29121/shodhkosh.v5.i5.2024.1855

