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Abstract: With the receptiveness in
Micro-Electro-Mechanical-System (MEMS), workgroup
computing, as well as wireless information computing have
facilitated heterogeneous wireless sensor networks (Het-Net) as
rapidly growing technological era. Thus, to incorporate such
applications the WSNs must be energy adept so as to have
increased Network Lifespan, Shrunk Network Costs Using
Clustering, Compressive Sensing, and Data Fusion (Aggregation)
& Efficient Routing Protocols over Spatially Disseminated
Sensing Nodes. The sensor nodes have confined sensing,
processing, and communication potentialities, due to constrained
battery life, and in most of the scenarios, it is almost unfeasible to
outplace the sensors during complete energy dissipation.
Therefore, energy preservation is the major need of WSN
existence. I n this paper we have done the extensive analysis of the
numerous parameters like network lifetime, number of Super
Nodes (cluster heads) at each iteration, number of viable nodes
per iteration, throughput, inter-cluster topology, type of
heterogeneity, level of heterogeneity, etc. which in turn are
directly proportional to Network Operational cost.

Keywords: Clustering, Data Fusion, Het-Net Wireless Sensor
Network; Lifetime, Sensing Motes, Stability Region, Steady and
Unsteady Clustering.

. INTRODUCTION

A Heterogeneous WSN (or Het-Net) subsists of a numerous
minute, low-power Sensing Motes organized with variable
abilities like sensing range, computing power, bandwidth,
energy, memory, and radio access technologies (RAT), etc.
which are either deployed haphazardly or manualy over
designated target areas[1]. The motes are the sensing nodes
responsible for successively monitoring the designated areas
and sending the processed packets towards the Sink Node
bearing the highest computational energy. The Base Station
playsthe role of apylon between motes and the system server
that stores and forwards the processed data to the network
server either using one hop or multiple hops transmission
link[17].
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Therefore numerous amount of energy is wasted in data
transmission rather than on data storage and processing. As
with the expansion in network size, the performance of flat
(non-clustered) network decreases due to more and more
energy dissipation in transmitting and receiving by distinctive
nodes of the network, hence Clustering in HWSNs is one of
the effective methods to eliminate this shortcoming[17][7].
There are numerous amount of hierarchical heterogeneous
wireless sensor network protocols that will help in balancing
energy consumption, increase in the effectiveness of
computation and storage of network and increase network
reliability by deploying the nodes with variable
capabilities[6]. In a heterogeneous network, nodes are
categorized into supernodes and sensor nodes due to their
different energy capacities. Supernodes are the special nodes
with the highest energy amongst other nodes of a cluster and
are culled out as Cluster Heads so as to fuse the data of
multiple sensors and address to their respective base stations
since the maximum amount of energy is used in dispatching
and gathering. Clustering with the heterogeneous deployment
of network nodes helps in refraining the problem of the
creation of ‘Energy Holes’ in the network thereby enhancing
network operationa time. In comparison to homogeneous
deployment where each node was deployed with the same
sensing abilities, heterogeneous network prevailsin context to
shrunken hardware cost, optimal resource utilization and
prolonged network lifetime because of varying capabilities of
nodeslikerelay nodes, clusters heads, etc. which contribute to
help nodes with minimum energy to easily communicate with
base station by aggregating their data elements. Further, some
nodes with maximum available or residual energy in a
heterogeneous environment can achieve compressive sensing
of datato achieve load balancing in the network[9]. A sensor
network is made ascendabl e by Clustering, where clusteringis
an unsupervised learning technique in which the arrangement
of network sensorswith variable energy efficaciesisbased on
distance or proximity (adjacency) of sensing nodes relative
to each other. Each cluster is under the supervision of a
particular Cluster Head. On the basis of maximum residual
energy, minimum reachability to the base station and the
count of adjacent neighborsthe Cluster Head iselected, which
has a frequent significance in prolonging the lifetime of a
network and is also subjected for Data Fusion (Aggregation),
Load Balancing, reduced rate of network’s energy
consumption.
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[I. CLUSTERING ALGORITHMSFOR HETEROGENEOUS
NETWORKS:

A. SEP (A Stable Election Protocol for clustered
Heterogeneous Wireless Sensor Networks)- Georgios S et
al.[23] had projected Stable Election protocol to lengthen the
lifetime of the network on the basis of its Stability Region or
Period. The SEP nodes are classified as Norma and
Advanced nodes footing on their respective levels of the
initial energy, where the sensing motes with lower levels of
the energy are termed as norma nodes (assigned with
weighted election probability of f.rm) and the sensing motes
with higher energy value are termed as Advanced
nodes(assigned with weighted election probability of Faav)

_ Pope _ Pupe
Prrm = 1+am & Pade = Leam A +a) (l)
P __initial energy of each ndoe
Where ™ %' initinl energy of normal node (2)

m indicates the portion of advanced nodes and o refers to the
added energy factor between advanced and the normal nodes.
The total energy of the HetNet with n (initial sensor
populace), Eo represents the initial energy of normal sensing
mote andEe - (1 + @) represents the initial energy of advanced
sensing mote is equal to:

(n.(1 —m)lEy + non.Ep. (1 + o)) =n.Ep. (1 + a.mm) 3

Hence the system’s total energy is increased by (1 +a.m)
times in SEP and assumes that energy across the network is
utilized in an equitable manner thereby prolonging the Stable
Region of the network.

B. H-HEED(Heter ogeneous-HybridEner gy-Efficient
Distributed Protocol)- Harneet Kour et al[13] proposed this
protocol which systematically nominates and choose cluster
heads footing on the hybridization of prime factor of
remaining energy of the node and trivial factors as node’s
proximity to adjoining sensors or degree of the node to reduce
inter-cluster communication cost. It terminates in constant
time following O(1) iterations, and helps in the creation of
well-distributed clusters and ensures that every sensor is a
member of an exclusive cluster. It is presumed that the
sensing nodes of the network are quasi-stationary, aso the
links between nodes are symmetric. The entire set of sensing
nodes have proportionate processing and communication
competence but varying energy rates. After deployment nodes
areleft untended dueto therefore recharging of batteriesis not
possible. The main drawback to this is location unawareness
of deployed nodes due to absentia of GPS systems.

C. CHR (Cluster Head Relay Routing Protocol)- Du and
Lin[25] proposed apassive and | ocation-aware heterogeneous
routing methodology. It relies on the deployment of dua
types of sensing nodes to form an operational HetNet using a
single operable sink node.

e L-Sensor nodes: Low-End sensors nodes with lesser
energy value are deployed in large numbers. They can be
used only for limited-range data communication to the
respective adjoining nodes.

e H-Sensor nodes: High-end powerful sensor nodes with
more energy value and deployed in small numbers. They
can be used for long-distance communication to their
respective neighboring H-sensing nodes as well as to the
sink.
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Both kinds of sensing nodes are immobile and are
knowledgeable about their predefined locales with the usage
of certain location marking service. Furthermore, both of the
L-sensor and H-sensors have been consistently and
haphazardly deployed in the sensor field. This protocol
segregates the entire network into uniform clusters, where
each cluster comprises L-sensors which are directed by an
H-sensor. Inreach of a cluster, the L-sensors are supervisory
of perceiving the environmental factors, so as to forward the
sensed parametric values created by subordinating L-sensor
nodes, towards their corresponding cluster heads in a
multi-hop routing fashion. On the contrary, the H-sensors are
intended to perform data aggregation inside their owned
clusters along with forwarding fused packets of the data
originated from different cluster heads towards adjoining
H-sensing nodes and the base station.

D. DEEC (Deterministic Energy Efficient Clustering
Protocol)- Qing et al[21] proposed a dual phased algorithm
for the election of the cluster head where the function of
Cluster head is rotated amongst advanced nodes to dispense
consistent energy across the network. In the initial stage,
indefinite cluster heads are elected by the contingency of
nodes dependent on initial and residual energy. During the
secondary phase, the newer cluster head replaces the existing
Cluster head if any of the cluster member’s enduring energy is
greater than the existing cluster head. This algorithm
considers two-level heterogeneity of nodes and further
extends it to multi-level heterogeneity. The energy
consumption iswell dispersed across the network. Thisworks
well only in the situation where the sink node is stationed at
the midway of the sensing field and its sensing capabilities
reduce if the base station is quite distant from the sensing
motes. The optimal value of network lifetime is evaluated by
this algorithm to gauge out the energy count that every sensor
should expend amidst every iterative round™) . Furthermore, a
presumption is made that, the m.N advanced nodes are
outfitted by an initial energy factor Eo(l +a) gnd (1 —m).N
norma nodes are outfitted by an initial energy factor .
Where two of the variables #and ™ are required to administer
the nodes percentage typesi.e. advanced or normal. Based on
such presumptions, the totality of the network’s initial energy
iscalculated as:
Etotr= W.(1 —m).Ey + Nom. Ey. (1 + a)) (4)

Each node’s average energy count in the r® round is
computed as.
1 T
Egvg = v Eiorai(l— E] (5)
Where R designates the estimated count of al the rounds
throughout the lifetime of a network and is computed as:

BE= Etotal

Ernu:nn! (6)
Where Eraune . represents the amount of energy spent in a
sensing field in a particular round and is estimated as:
Eround = L{ZNE e + NEg, + kE d-r}oES + NEj, d%ﬁ'fﬂ' (7)
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Where k designates the total count of clusters, E« isthe data
fusion energy “.es representsthe approximate expanse of the
sink node from the cluster head anddwcr represents the
approximate expanse of the cluster head from the respective
cluster members. Presumptuous to the uniform node

distribution. dsocs = Mi o 4 _o7sM/ Lk
istribution, deeca = ¥2kw | drors = 2 | the L-bits of
the message are transmitted over distance ¢ (between
transmitter and receiver), Eeec (i /bit)gignifies the amount of
energy squandered per bit to operate the radio circuitry, &
energy squandered in free space, Eme signifies the energy
squandered in multipath fading channel where @ (power
dissipation in free space) and 4* (power dissipation in
multipath fading channel).

E. UCR (An unequal cluster-based routing protocol)-
Guihai chen. et a.[10] proffered a protocol for alaying the
hot spot issue in HWSNSs. It is devised to operate source
directed application of the sensor networks, as the studying of
environment and detecting its cyclica data It is a
self-formulated competitive methodol ogy, wherein the cluster
head selection is based on the enduring energy values of the
neighboring sensing nodes. In this protocol, the sensing nodes
are organized into unevenly sized clusters. With the increase
in the communication range amongst the base station and
cluster head, the extent of their corresponding clusters also
increases. The consistent dissipation of energy across the
network is affected by varying sizes of clusters and by
facilitating the higher relaying load capacity nearer to the base
station. This protocol works on two main axioms as.

o The time complexity of the system in the composition of
the cluster is O() thereby signifying reduced data
overhead of the system.

e Two accompanying nodes cannot be cluster head at the
same instant if one of them is in another competing
sphere.

F. DEBC(Distributed Energy Balance Clustering
Protocol for Heterogeneous Wireless Sensor Networks)-
Changmin D et a.[3] projected a methodology in which the
choice of the cluster head is positioned at the proportion of the
node’s residual energy to the network’s average energy. The
sensing motes with the highest values of initial and residual
energy have the highest likelihood of being Cluster head
repeatedly. It isbased on 2-level or multi-level heterogeneity.
DEBC chooses anode to be a cluster head in 7 iterations as
per the node’s residual energy Ein the round ¥ and
represents node i's probability to come up as acluster head in
™ iterations. The nodes with the largest values of initial and
residual energies have the highest likelihood of being Cluster
head repeatedly. The network’s average energy in the k"
round is calculated as- (E¥ = Zi:E), where N symbolizes
the total count of sensing nodes. Knowing the value of E¥ itis
compared with the sensor’s residual energy based on the
required proportion of cluster heads®) and = is estimated as:
EE-E =k

= |z (8)
According to the above equation if the node’s residual energy
is higher as compared to the network’s average energy, then
the sensing-node has the highest chance of being a cluster
head.

i =P[1 -
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G. PRODUCE (Praobability Driven Unequal Clustering
M echanism for W SNs)- Jung-Hwan Kim et.al[12] proposed
a haphazardly loosely coupled clustering algorithm using
multi-hop routing, which consists of unevenly dispersed
clusters. The cluster head nearer to the sink node is more
convergent towards inter-cluster (amongst members of the
same cluster) communication, while the distant ones will be
convergent towards intra-cluster (amongst different clusters)
communication. It balances the network subjective to the
hot-spot problem of the network. The algorithm works on the
following ideol ogy:

Division: During network deployment, the Base station or
Sink node which is presumed to be stationary and positioned
at network’s inmost broadcasts the “hello” packets to the
respective network nodes. Using the received signal strength
each node computes its proximity from the base station to
know how distant it is from the base station. Sensor node’s
proximity to the sink node concerning the average one-hop
distance is computed which is called aslevel, where the level
is calculated as:

Level; = d(sk'BS]/hl 9)

where d4(5:35) designates the distance between ™ the
sensing node and the sink node, eve!: denotes on which level
k™ sensor is deployed and #: represents the one-hop distance
of each node.
Calculation of maximum communication distance and
their  respective probabilities; After a threshold
distance (dcresx) between transmitter and receiver, the
propagation attenuation starts increasing. So it is always kept
into consideration to keep the distance= (d:ress) | by using
multi-hop communication for a longer sphere so as to curtail
the attenuation of the signal. The parameters fros= and Level;
are used to regulate with what probability non-CH nodes
become CH (advanced nodes). Every level is associated with
a varying probability factor, thence, the designated
prObabllltleS fluctuate between Fras: and Frzzwhere Frax is the
probability accredited to the sensing nodes at level 1, while
Eress represents the probability for nodes at the n™ level(i.e.
last level) and istheleast value of probability allotted to nodes
level. Thisimpliesthat CH nearer to the base station has more
responsibility for data fusion and relaying of data from
upper-level CHs in order to have equitable energy utilization
across the network. For each sensing mote, the probability
assigned is calculated as:

P -P
Py = Popgss + (Pinay crws];’

n_1*n—i

(10)
wherefex represents the possibility of being a Cluster Head,
i represents the level of clustering hierarchy, n represents last
level number and #rax the highest probability value of thefirst
level and Fress the lowest probability value of ""level. The
equation depicts that with the decrease in Cluster Level the
probability of being Cluster Head increases.
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H. C4SD (Cluster Based Service Discovery for
Heterogeneous WSN)- Marin et al.[18] proposed an
energy-adept utility discovery protocol for HetNetsto work in
an easily accessible and continuously changing network
scenarios. It relies on the conception of implementing a
self-organizing robust clustering methodol ogy that constitutes
a digtributed directory of service enrollments, in which
decision formulation relies on single-hop neighborhood
information where clustering criterion acts spontaneously to
the regional anatomical changes in the configuration. The
criterion od the co-optation of the cluster heads usually
comprises of:

e The parametric distribution of every sensing mote either
across the complete network or to the cluster of sensors.
e The contrasting of parametric values in order to select the
relevant nodes as Cluster Heads.
The chosen cluster head nodes enact to be directories to
ensure utility supply to their respective cluster membersi.e.
Intra-Cluster Services. This structural configuration assures
reduced overhead in network deployment and sustenance and
responds at a quicker pace to the topological diversifications
to refrain the chain-reaction problems. During the initial stage
of cluster formation, such topology need not be static in
nature. In order to assure low disclosure cost, only Cluster
Heads are visited in context to service lookup of the network.

I. EEHC (Energy Efficient Heterogeneous Clustered
Scheme for Wireless Sensor Networks)- D. Kumar et
al.[15] projected this model which is intended for optimal
computation of cluster heads over uniformly distributed
nodesinafield. Thisalgorithm modifiesthe LEACH protocol
of ahomogeneous network and justifies how network lifetime
is prolonged by increased energy factor. The agorithm
segregates the nodes as supernodes, advanced nodes, and
normal sensor nodes, where super nodes own the larger
proportion of energy in comparison to the normal sensors. Let
p signifies the portion of the complete count of nodes n, as
well as? signifies the part of the complete count of sensing
nodes p outfitted with B times extraneous energy factor
compared to the normal sensing nodes, such nodes are termed
as Super Nodes. The remaining (7= (1 =2 Vsensors possess
increased energy by a factor of ‘a’ by the normal nodes thus
are referred to as Advanced Nodes and remaining
(n= (1 ~»)) comes under the Normal Sensing Unit. Let & be
the normal sensing node’s initial energy, Z (1+5) be the
energy factor possessed by the super sensing nodes and the
energy factor possessed by that of advanced sensing nodes be
E, (1+a) thenthetota value of theinitial energy factor so as
to set up a heterogeneous network is:
nx{l—plsEy+n+ps{1—pyl=Ey+ (1+altn=
pepp=Ep+(1+B)
=n+Ep+(1+p+la+py=p)) (12)
Hence the system’s total energy acceleration factor is
(1+p+le+p+ B as compared to homogeneous LEACH
systems.

J. SDEEC (Stochastic Distributed Energy Efficient
Clustering)- B. Elbhiri et al.[5] proposed a modified DEEC
strategy for HetNets(Heterogeneous wireless  sensor
networks). The protocol works over splitting the entire
network into dynamic clusters, where every node
communicates with advanced nodei.e. Cluster Head for inter
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and intracluster data fusion (aggregation) and communicating
that to the Sink Node i.e. Base Station. It works on a
stochastic scheme for the network lifetime prolongation.
Once the clustering segment is done, the CH devises the
TDMA dlotsfor the sensing unitsin which they are allowed to
disseminate the data. Only the non-CH nodes having a sensed
value larger than the sensed value of CH should keep their
receivers on i.e. can send data either to cluster
head(dz = dzx)or to respective base-station‘ds <d:z). The
clustering technique works on the concept of data
transmission by non-CH sensing nodes to their respective
CHs in their designated frame of time. The CH is required to
retain itsreceiving antennain “on” mode so as to accept every
data element from its respective cluster members and then the
received signals are condensed into simple compressed data
signal, so that it can be transmitted in an energy-efficient
manner to the intermediate cluster head or directly to the base
station based on distance proximity. In context to energy
conservation, al the cluster members can shut off their
antennas and change their state from awake to sleeping once
they have sent al their data to the respective CH. The
considerable shortcoming of this strategy is if the nodes will
keep their antennas off then how will the get to identify about
the afterward cluster head election iteration and won’t revive
to be a competitor for the same.

K. CMHT (Cluster Multi-Hop Transmission for
Heterogeneous Wireless Sensor Networks)- Xuegong et
a.[20] had introduced a novel clustering technique to
improve the heterogeneous networks(HWSNSs) survival time
using FND (First node dead) and HNA (Half of the Nodes
Alive) parameters. This protocol segregates the entire
network into two categories:

a. The one which cannot directly reach and connect to the
base station.

b. The other ones can instantly connect to the sink node.

The node selection process involves selecting a node n which
will send information containing certain weight value
2(Dwhich is sensed by all other nodes in the network, which
then compares the sensed weight value with their own value.
It is presumed that, if the weight value of the sensor is larger
as compared to the weight @(t) then sensing node cannot be
elected as a CH and will compete in the upcoming iterations
aswell and if its value is < 2(i) the node can be a CH taking
into account it possesses the least weight value in comparison
to other nodes.

Q) = gy » E. (i)« Eor=Ee L g0 o TG + g » dist

iz felt

(12)

q,.9-.q; @S the positive weight values, E.(i} be the node’s
current energy, E; (i) be the node’s initial energy, T(:) signifies
the times of being a cluster head and dist represent the
sensor’s proximity to the network’s sink. The data
transmission amongst cluster heads occurs in a Multi-hop
fashion. CMHT protocol offers certain advantages as:

e An improved method of cluster head election using
weighting factors so that each node can get a fair share of
being a cluster head using dynamic adjustment of parameters
like the rate of energy absorption, node’s average and
remaining energy absorption rate, etc.
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e Balanced energy consumption, by reducing the excessive
consumption of node energy which was the major cause of
increased node dead rate thereby reducing the Cluster Chain
Block phenomenon in which failure of one cluster head can
block the functioning of other cluster nodes.

o With the improved and extended resistant phase of data
communication i.e. Stability Region, the number of
re-establishment of clustersisreduced and also the frequency
of formation of cluster heads is also reduced to prolong the
network survival time.

e Using Multi-Hop transmission methodology it can be
used for long-distance communication in an energy-efficient
manner.

L. DDEEC (Developed Distributed Energy-Efficient
Clustering)- Elbhiri et al.[4] proffered modified version
DEEC as DDEEC, where DDEEC implements the same
methodology for calculating the network’s average energy as
well as to select the cluster head like that in DEEC. DDEEC
differsfrom DEEC in the sense that, in DEEC every time the
advanced nodes are targeted to become the cluster head,
hencetheir rate of energy depletion and node dead probability
increases. Nonetheless, it is probable at an instant that a
certain count of the advanced nodes will persist to exhibit the
same amount of the residual energy as exhibited by normal
sensors. Since DEEC persists to target only the advanced
nodes, such a situation is not the optimal way, as exclusively
such sensors will frequently be a cluster head, thus will die at
a quicker pace than that of the normal sensors. However, in
DDEEC amongst all the sensors the ones with more residual
energy (may or may not be an advanced node) at **round has
agreater chance of being elected as a cluster head.

M. TDEEC (Threshold Distributed Energy Efficient
Clustering protocol)- Saini and K. Sharma[19] proffered an
energy-adept  cluster head election strategy for
HWSN (Heterogeneous Wireless Sensor Network) based on
the following premises that Heterogeneity lies in context to
the energy value of nodesi.e. nodes with a higher value of the
energy arereferred to as advanced nodes and those with lesser
energy value are categorized as normal nodes.
In TDEEC, the threshold valueis dependent on the proportion
of residual energy and average energy of respective iteration
with respect to the optima count of the cluster heads. Such
that the sensors bearing maximum residual energy factor can
only become the CH. The relevant threshold value is
computed as:

r

residual energy of node= A'Dpt

TS = J1l-pir madg) *

0
Wherep, r, and G depict, the desiderate possibility for sensing
nodes being CHs, count off current clustering round, and the
collection of the sensorswhich have never acted as CHsinthe
concluding 1/p rounds. Utilizing the value of the threshold,
every sensor can compete to be cluster head, exclusively at a
certain period within 1/p rounds.

LifsS€G (13)

Average energy of network

N. WEP: An Energy-Efficient Weighted Election
Protocol Protocol for Cluster-Based Heterogeneous
Wireless Sensor Network- Md. Golam Rashed et.al.[8]
proffered an energy-adept cluster-based routing methodology
as to embellish the stability region of a network. It associates
the clustering approaches accompanying the chain routing
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algorithm to placate the energy and stable region restraint in
heterogeneous networks. This protocol focuses on
lengthening the time before the first node diesi.e. Improved
Stability Region, using a constraint of well-stabilized energy
utilization. The following assumptions have been madein this
protocol:

a. Every nodeis enough energy efficient to transfuse the
sensed data either directly towards the base station
or directed towards the intermediate nodes.

b. The energy level heterogeneity segregates the nodes
of the networks into advanced and norma nodes
where advanced nodes vary from normal nodes by
an extraneous ‘o’ element of energy

¢. Owing to more energy value, advanced nodes have a
higher probability of being cluster heads, but not a
restriction always.

d. The nodes are immobile.

In WEP weights are assigned to the optimum probability
Pape Of each sensing unit, which is equivalent to every sensing
unit’s initial energy divided by the normal sensing unit’s
initial energy. Once weighted probabilities are assigned to
every node, the cluster head, and its respective cluster
members are elected following the same methodology as
followed in the LEACH. Subsequently, the greedy approach
of chain routing is used to make a chain of cluster heads
(random election of chain leader) to relay the packets of the
data towards the sink node.

O. EAERP: Energy-aware evolutionary routing
protocol for dynamic clustering of wireless sensor
networks- EnanA.Khalil et.a[1l] in context to main
challenges in WSNs i.e. optimizing energy consumption and
prolonging network lifetime suggested that evolutionary
computing can be used as a meta-heuristics for the
optimization of a pertinent energy-adept objective function. A
unified single-hop clustering technique is proposed in which
the base station optimizes the cluster head election by
operating the evolutionary protocol during the process of
clustering. Considering a WSN having N sensory units, the
population individual incorporates N genes, whose genetic
factor can either be 0 for Non-CH sensing units or 1 for CH
sensing units and -1 signifies dead-nodes (inactive or
sedentary sensing units). So the population, I™ of n solutions
be stated as:
vie {1.2,...n} and v;e {1.2,..., N}
1if E(node;) = 0 and node; = CH
-r,,E =1 0if E{nudg_i-} > 0 and node; = non — CH
-1 otherwise (14)
The fitness value of every population individual is calculated
using fitness function as:

PrazasU¥) = ( =1 Essr[En:_,.,_-Hl. + Epx + EDA) + EF;LET:‘:,_-,-“H,, . (15)

Where; nc is the total count of clusters, <c¢: represents a
non-CH node correlated with the i CH node, Erxcujs the
energy exhausted to transfer the data packets from the
non-CH node up to its CH and Erxcu s signifies the energy
exhausted to transmit the packets of datathrough the CH node
to Sink.
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On the premises of the fitness values, its parents are elected
for the creation of a newer population with the help of
mutation and crossover operations. This mechanism is
reciprocated to the cessation value of the evolutionary
algorithm that takes place. At the course of the association
stage, the fittest solution amongst the population is kept into
consideration as a Clustering Solution.

P. EACP: ENERGY AWARE CLUSTERING
PROTOCOL- Surender Kumar et.a[16] proposed the
energy-adept 3-tier clustering protocol for 2-level HetNet
sensors communi cation where heterogeneity can be classified
as normal and advance nodes. Herein EACP the cluster heads
amongst norma nodes are tabbed by modifying their
threshold equation grounded on the basis of the residual and
average energy of the normal sensing nodes, ensuring that the
normal sensing unit with the greater amount of energy
residues can as be competent in becoming cluster head. On
contrary, the advanced nodes use a distinct probability-driven
methodology for the election of the CH whichinturn actsasa
gateway to the normal-CHs and addresses their respective
compressed data to the sink node, while they are not carrying
out the function of being cluster head. For the sake of the
energy conservation across the network, the sensors can
switch over to the slegping mode during cluster formationi.e.
when no transmission is taking place.

Q. BEENISH: Balanced Energy Efficient Network
Integrated Super Heterogeneous Protocol for WSN-
Qureshi et. al.[22] projected anovel BEENISH protocol asan
advancement to the DEEC protocol in WSN that is solely
reliant on the sensing node’s residual energy and network’s
average energy as for the election of Cluster Head nodes. It
segregates the node composition across the network into four
major domains as Normal Sensors, Advance Sensors, Super
Sensors, and Ultra-Super Sensors. The Ultra-Super sensing
unitsare culled out to be cluster headsin correlation to Super,
Advanced and Normal Sensors. It is termed as a Single-Hop
reactive routing protocol which always castigates the high
energy nodes; which in turn depletes their energy at a faster
pace.

R. IDHR and MEEC: Improved Dual Hop Routing
protocol and Multiple data Sink-Based Energy Efficient
Cluster-Based Routing Protocol- Sandeep Verma et.al[24]
proposed energy-efficient  clustering-oriented  routing
protocols wherein election of cluster head is reliant on the
parameters like node density assimilated with the sensing
node’s residual energy, the approximate distance amongst the
sensing units and the base station. IDHR uses a single sink
node and MEEC comprises multiple sink nodes in order to
achieve dual-hop and single-hop communication across the
network respectively.

IDHR: It works on the concept of node density in which node
selection as a cluster head is fomented by electing the one
which owes the largest number of nodes in its proximity. It
focuses on Inter-cluster communication up-gradation by
computing the average distance of anormal sensing unit to its
respective base station which will help the base station
determining the single-hop or multi-hop data transmission.

MEEC: It is hereby proposed to aleviate the hot-spot
problem with the deployment of the multi-data sinks. Doing
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so will not only increase network reliability but will also
improve the stability region of the network. The realization of
Load balancing is of foremost importancein MEEC. Multiple
data sinks deployment compacts the burden on Relay Nodes
in Data Forwarding.
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Tablel: Parametric analysis of various Heter ogeneous WSN Clustering approaches: from Inception to Recent Era

Average - - Yes Yes Yes - - Yes - - - - Yes Yes Yes
Energy
CH Residual
Selection mﬂnquv\ Yes - Yes Yes Yes - Yes Yes Yes Yes - Yes Yes Yes Yes
Initial Yes Yes - - Yes Yes - - Yes - Yes - - Yes Yes
Energy
CH-BS . n-Hop . . . n-Hop . ’
Connectiv MM_ (where MM_ _M_M_ _M_M_ (where | Direct _,\__._cﬁ_v:. Direct Direct Direct Direct Direct ﬂ_%_ whm_mr
ity P n>1) P P P n>1) P P P
Intra-Clu uni n-Hop uni Uni Uni n-Hop Uni n-Hop Uni Uni Uni Uni Uni n-Hop Uni
ster Ho| (where Ho| Ho| Ho| (where Ho| (where Ho| Ho| Ho| Ho| Ho (where Ho
Topology P n>1) P P P n>1) P n>1) P P P P P n=2) P
Message z z z z > z z z z z > z z z z
Count
Clustering
Properties Cluster unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl
Density e e e e e e e e e e e e e e e
Cluster unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl
Size e e e e e e e e e e e e e e e
Cluster unstabl sable unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl | unstabl Sable unstabl | unstabl | unstabl | unstabl
Count e e e e e e e e e e e e e
Cluster Head
- — — — — - %) %) %) %) %) (%) (%) (%)
(Immotile(l)/ Motile(M) =
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Clustering Method
Convergent- C, D D D D D C D D D D D D D D D
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Table2: Comparison of Heter ogeneous WSN protocols based on QoS parameters

Routing I ) - Improved Data Transfer Data delivery
Protocol M ethodology Network Lifetime Data Fusion Nodes mobility factor Rate model
SEP ng;rl;:ir:gcal Moderate Yes Nodes are stationary Stability Region Low Clustered head
Cluster-Based or Yeswith Reduced Inter-Cluster Z{?:g ?In?{(;l/lgg
H-HEED Hierarchical Good moderate delay Nodes are Quasi-stationary Communication Cost and acket dgiver Hybrid
Routing factor. Improved Network Lifetime P ratio y
Hierarchical . . .
- : Prolonged Yeshby ; ! Improved Network performance Higher Packet Multi-Hop using
CHR R(;Egginwéth Due to H-Sensors H-sensors Nodes areimmobile in terms of Routing Delivery Ratio Clustered Head
A Minimized ! .
Deterministic . Single-Hop Direct
DEEC Hierarchical Prolonged as compared Yes Micro-Mobile/Stationary | COmPutational-overhead cost to Moderate link Clustered
: to SEP improve the residua energy of -
Routing Head connectivity
the node.
Greedy Geographic Better than H_-HEED . ) High but prone to Multi-Hop
UCR Hierarchical dug to mult!—hop Ys, because of | Nodes and base stationare | Allay of Hotspot prqblem to have error due to noise Intq—CI uqa
: routing to mitigate Link Symmetry stationary prolonged source-driven network inthe real Routing using
Routing B
hotspot problem environment Relay Nodes
Probabilistic Veeuith The ratio of Residual Energy to Sﬁ;ﬁ'i‘;‘;&ﬁ\'ﬁ‘
DEBC Hierarchical Good : Micro-M obile/Stationary the average energy of the Moderate : cuvity
: relaying Direct link
Routing network L
connectivity
Unequal-Sized Multi-ho
Hierarchical Prolonged in case of Yes by cluster Stationary based on Balanced coverage time and intraclu aaan
PRODUCE Routing with densely distributed heads closer to y network lifetime by solving the High .
: Stochastic Geometry inter-cluster data
localized nodes BS hot-spot problem .
. routing
probabilities
Service Discovery Prolonged by high Yesto avoid ] Hit Ratio isimproved to 98% and . Multi-hop
C4sD - ] - - Mobile L . High Cluster-Based
Routing Pareto index chain reactions minimized communication cost . h
Service Discovery
Yesfollowed by Moderately high
EEHC Hlerarthcal Moderately High data} Stationary Network .“fe“me by. vygghted improved stable $ngIeH0p Dllr_ect
Routing compression by election probabilities X link connectivity
region of the
the cluster head
network
Stochastic Better than DEEC and . ) ) FND improved by a factor of ’ Single-Hop Direct
SDEEC Distributed Routing SEP Yes Micro-Mobile/Stationary 80-110% High link connectivity
High but
Cusr-hiead Stionary withafixed | Method of cluster head election, | degrades asthe | Mult-Hop Cluster
CMHT } op Moderately High Yes : 4 ) and extension of Stable phase of distance across Head Based
Hierarchical intermediate distance o . :
Routing data communication time the network Service Discovery
increases
Network lifetime and first node Single-Hop
Distributed Energy | Prolonged as compared . ) . dead time isimproved by afactor . Clustered Head
DDEEC | Eficient Routing to SEP and DEEC Yes Micro-Mobile/Stationary | ¢ 504 than DEEC and by 30% Very High Direct link
than SEP connectivity
Single-Hop
Threshold Yes, . .
TDEEC Distributed Energy Prolonged as compared data-centric Static Uniform Random Stability Region Very High c u;tered lHead
.- - to SEP and DEEC : Deployment Direct link
Efficient Routing fusion L
connectivity
Distributed Energy | Prolonged as compared ) - . ) Single-Hop Direct
WEP Efficient Routing to SEP Yes Stationary Stability Region Moderately High link connectivity
- Single-Hop
Metaheuristic Yesat Cluster - )
EAERP Energy-Aware Good Head nearest to Stationary Stability Reglon and Network Moderately High c u;tered lHead
. . Lifetime Direct link
Routing the base station L
connectivity
Energy-Aware - ] Multi-Hop Cluster
EACP Hierarchical Good Yesa the Micro-Mobile/Stationary Stability Region, Network High Head Based
: advanced nodes Lifetime and Throughput . :
Routing Service Discovery
Balanced Energy Single-Hop
Efficient Prolonged as compared Yesat the ) ) ) First Node Dead Timeis ) Clustered Head
BEENISH Hierarchical to DEEC, DDEEC advanced nodes Micro-Mobile/Stationary improved Very High Direct link
Routing connectivity
Cluster-based Prolonged with Dual- Hop
Probabilistic increased (stability Yes, at Cluster ; Stability Region, Network ’ }
IDHR Hierarchical region, Half node Head Stationary Lifetime and HND High c “goiitr’]ased
Routing Deadtime(HND)) 9
Cluster-based ) ) . Very High(Dueto
MEEC Probabilistic Rletl)?_t";? d{;:tlgr:tersit Ein Yes, at Cluster Stationary Stability Region, Network the absence of Single-Hop Direct
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: Nodes)
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Table3: Comparison on the basis of Simulated Parameters
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Initial Ener gy of Transmitting and Data P e
Deployment Area/ Threshold ! ! > Amplification Ener gy Amplification Energy
Protocol Distance(d 5:: ) No. of Data Sink No‘(]jf:liu)(m recaving energy Pg?:ea E;, for smaller distance | E,,, for larger distance
elec
SEP 100-100m/ 7om( |Er+/ e ) 1 0513 50nj/bit 4000bits 108 e D00L3p) e
\I J -— bit bit
100*100m/ 1(at the center : ; 1op/ 0.0013pf =,
H-HEED 05J S0nj/bit 4000bits — im* u
70m (5050)) / ' Bit e
CHR 300*300nV 70m 1 or more 05J 50nJ/bit 4000bits b_'};j 2 U'Ugfpj Jm?
i i
100*100nV 1(located at focal . ) 10p] 0.0013y .,
50nj/bit — im* u
DEEC 70m( point or 2 the center) 0.532.25] nj/bi 4000bits o P /m
UCR (0,0)-(400,200) nV 87m 1 at (500,100) m 1 50nj/bit 4000bits % Jm? % Jm?
DEBC 500*500nV - 1 at (250,250) m 203 - - o9 Jm? 2.0013p) Jm?
bit bit
Radius-100m(circular area)/ 1 10pf 0.0013p]
PRODUCE 87m 1at(0,0) 2] 50nJ/bit 500 bytes 2 /m P m
C4sD 500*500MV - 1 ; 50mj/bit ; 1opr, - D00L3p) e
bit bit
1(at the center ; ; 10 0.0013pf
* 50nj/bit — im* u
EEHC 100*100m/ 70m (50,50)) 0.5 nf/bi 4000bits i Jjm i Jjm
1(at the center ; ; 10 0.0013pf
* Snj fbit = im® 4
SDEEC 100*100m/ 70m (50,50)) 0.5 nf fbi 4000bits i i Jjm
. 10 0.0013 .
CMHT 100*100m/ 70m 1(at the (50,,175)) 15 50n//bit - Tf:f ,sz ij fm*
" 1(at the center . ' o, s 0.0013p]
DDEEC 100*100m/ 70m (50,50)) 0.5J snf fbit 4000bits it bit fm
" 1(at the center r i ) 10pf 0.0013p]
TDEEC 100*100m/ 70m (50,50)) 0.5 snf fbit 4000bits mfm i jm
1(at the center ; ’ 1og 0.0013g
* 50nj/bit — im* - = mt
WEP 100*100m/ 70m (50,50)) 0.1 nf/bi 4000bits it Jjm b jm
1(either at center or
. 10 0.0013 .
EAERP 100*100m/ 70m at the extreme 053 50nf/bit 4000bits b—_”,.fm‘ B pj,.fm*
corner) i i
1(at the center ; ’ 1og 0.0013g
d 5nj fhit = im® #
EACP 100*100m/ 70m (50,50) 057 nj /b 4000bits it i jm
100*100m/ 1(located at focal s ! w09 0.0013p] ,
BEENISH 70m( point or at the center) 0.532.25) 50nf/bit 4000bits i bit fm
i 10 - 0.0013
IDHR 100*100mV 87m 1(at the middle) 1J 50nj/bit 2000bits b—};"r m? bit pj,ﬁm‘
i i
. 10 - 0.0013 .
MEEC 100*100nv 87m 4(on each periphery) 1 50nf/bit 2000bits Ti:f m® T ) jm?
throughput, response time, hit ratio and above al energy
I11. CONCLUSION efficiency of the system.

To revamp the network stability region and lifetime, the
extensive concern is to have adoption of optimum Cluster
head election strategies as their magjority of energy factor is
spent in Data Aggregation, Data Forwarding, Compressive
Sensing and Data Communication across the network. This
paper compares various heterogeneous(Het-Net) routing and
clustering methodologies footing on the grounds of decisive
attributes like cluster head mobility, level of heterogeneity,
cluster density, data transfer rate, transmitting and receiving
energy required, amplification energy values, etc. which in
turn are decisive factors to improve network lifetime,
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