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A HYBRID APPROACH TO ENERGY EFFICIENT
CLUSTERING FOR HETEROGENEOUS WIRELESS
SENSOR NETWORK

Meta-heuristic methods have shown good efficiency in solving optimization problems related to a wide
range of practical applications in wireless sensor networks (WSN). Biogeography based optimization
(BBO) is an evolutionary technique inspired by the migration of species between habitats which have
been applied in solving global optimization problems. The article presents a hybrid approach for clustering
wireless sensor networks that combines the meta-heuristic algorithm BBO, and K-environments. The
simulation results show that the proposed approach (named KBBO) significantly improved the efficiency

of such WSN parameters as stability time, lifetime, residual energy and throughput.
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A wireless sensor network (WSN) consists of
a large number of sensor nodes which can sense
physical properties of environment such as hu-
midity, temperature, sound, etc., collect sensed
data and transmit it to the base station through
a wireless link. Sensor nodes are characterized by
limited energy, low processing capability, low
communication range and low memory capacity.
Recently, sensor nodes have become smarter and
cheaper due to development in micro-electro-me-
chanical systems (MEMS) [1]. Due to availability
of smarter and cheaper sensors, WSN has received
wide acceptability with potential application in
large domains: environment monitoring, disaster
warning systems, health systems and military
applications [2]. Unlike a traditional network,
the major research challenge in WSN is how to
maximize the network lifetime by reducing energy
consumption of the sensor nodes.

Clustering is a key technique to reduce energy
consumption and extend the lifetime of the net-
work. Besides reduction in energy consumption
and extending network lifetime, clustering tech-
nique has many other advantages: scalability, la-
tency reduction, collision avoidance, less overhead
and load balancing [3]. Selection of cluster heads
(CHs) in energy efficient clustering mechanisms
depends upon several factors: residual energy of a
node, initial energy, average energy of a network
and energy consumption of the node [4].

Clustering is also a key technique for imple-
menting energy efficient routing in WSN. Low
energy-adaptive cluster hierarchy (LEACH) [5],
standard evaluation protocol (SEP) [6], hybrid

energy-efficient distributed clustering (HEED) [7]
and power-efficient gathering in sensor informa-
tion systems (PEGASIS) [8] are some prominent
clustering-based routing protocols. The proba-
bilistic models are used to select CHs in these
protocols which may result in random selection of
CHs irrespective of distribution of nodes and the
residual energy of the network. In recent days a
number of metaheuristic techniques such as genetic
algorithm (GA) [9], particle swarm optimization
(PSO) [10] and biogeography based optimization
(BBO) [11] have been applied in design of energy-
efficient clustering-based routing protocols for
WSN. Intelligent hierarchical clustering routing
(IHCR) [12] and evolutionary routing protocol
(ERP) [13] are two important protocols.
Heuristic approach for finding a solution to
optimal CHs in WSNs is not easy, because this
is an NP-complete problem [14]. A total time
complexity to find the optimal solution increases
exponentially with the increase in the network
size. BBO has been found to be a powerful search
and optimization technique, because it combines
both exploration and exploitation features based
on migration [15]. BBO, like GA, is an evolution-
ary algorithm applied to solve global optimization
problems. In this work, a BBO-based clustering
technique is used to search for appropriate clus-
ter heads that would allow for optimal resulting
clusters. To have good quality habitats, K-means
clustering is applied to seed the population of the
BBO protocol. K-means clustering [16] is one of
the most popular data clustering techniques which

Tekhnologiya i Konstruirovanie v Elektronnoi Apparature, 2018, Ne 2

ISSN 2225-5818

15



SENSORS

partitions the data into K-clusters, so that similar
data is put in the same cluster.

The main contribution of the paper is the fol-
lowing:

— population initialization through K-means
clustering to select good quality features in a
habitat;

— clustering through the BBO protocol;

— performance comparison with high perfor-
mance heuristic and metaheuristic techniques.

Literature Survey

Many heuristic techniques have been proposed
for cluster based routing for WSNs. LEACH is
the most prominent protocol which does load
balancing by dynamically rotating CHs among
sensor nodes in order to save energy. However, the
main drawback is that a selection of a CH is done
probabilistically. As a result, a node with very
low energy may be selected as a CH which may
not last for a long time. Therefore a large number
of protocols have been proposed to improve the
performance of LEACH such as SEP, HEED and
PEGASIS, and its variants.

Besides heuristics, several metaheuristic tech-
niques have been used for design of energy-efficient
clustering and routing. Martin et al. [12] have
used GA for energy efficient cluster-based routing
to extend the network lifetime and minimize the
energy consumption of the network. Its cluster
head selection process is based on multi-objective
parameters: the sum of all distances from sensor
nodes to the CH and from the CH to the base
station, the sum of distances from sensors node to
CH, distances from the CH to the sink, standard
deviation in cluster distance, transfer energy and
number of transmissions.

Bara’a et al. [13] have further enhanced the
clustering parameters of IHCR by adding three
parameters: intra-cluster distance, inter-cluster
distance and the number of CHs. Unlike the previ-
ous two algorithms, where GA has been used for
CH selection, in [17] GA has been used for load
balancing of CHs. Its fitness function is based on
standard deviation of the gateway load to achieve
even distribution of the load per cluster.

In [18] two algorithms (one for routing and
one for clustering) using PSO have been proposed.
The main objectives for routing is to minimize
the maximum transmission distance between two
nodes in the routing path and maximum hop count
of the gateways, whereas clustering path of the
algorithm achieves load balancing by minimizing
distance between sensor nodes and their corre-
sponding gateways.

In [19], the BBO-based clustering has been
proposed. Metrics like clustering density and
clustering head dispersion were used to select

CHs. Similarly in [20], BBO-based clustering
and multi-hop routing algorithms are proposed
with different fitness functions. Multi-objective
parameters which include residual energy of a
CH, intra-cluster distance and distance between
the CH and the base station. The formulation of
fitness function for routing algorithm is based on
residual energy, Euclidean distance and node de-
gree. Unlike the above mentioned protocols, where
population initialization is random, the proposed
protocol follows the deterministic approach to
population initialization. The entire population is
seeded with K-means algorithm to have good qual-
ity genes. BBO will be used further for clustering.

An Overview of BBO

BBO [11] is a population-based optimization
algorithm inspired by immigration and emigration
of species (animals, birds, fish) between habitats
(islands) in search of good living condition (rain-
fall, temperature, etc). Each candidate solution
also called a habitat with a habitat suitability
index (HSI). Variables of an individual solution
represents features of habitability are called suit-
ability index variables (SIVs). High HSI repre-
sents a good solution. The poor solution represents
habitat with low HSI. The low HSI receives new
features from high HSI. There are three kinds of
operators in BBO namely, migration, elitism and
mutation. Migration is used for information shar-
ing. Elitism is used to keep best solution for the
next generation. The objective of mutation is to
increase exploration among the population. One
unique feature of BBO is that the original popula-
tion is not discarded after each generation unlike
GA. Rather, it improves its solution in each itera-
tion by changing its features (SIVs). Like PSO,
BBO also shares its SIVs (features) with other
solutions, but does it directly, while PSO shares
information among solutions indirectly through a
velocity variable.

The Proposed Protocol, KBBO

In the current work the authors propose a new
hybrid evolutionary algorithm named KBBO
which combines K-means and the BBO to solve
the clustering problem in WSN. A combination
of deterministic and metaheuristic approaches for
population initialization and clustering respec-
tively provide a good BBO-based clustering solu-
tion. The proposed protocol goes through several
rounds. Each round has two phases: setup phase
and steady state phase. In the setup phase, sensor
nodes are partitioned into clusters. The setup phase
of the algorithm is same as that of LEACH but
based on BBO algorithm. In the second phase, each
non-CH node uses its TDMA schedule to transmit
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its data to the base station through its respective
CHs in multi-hop manner.

In BBO a habitat represents a set of sensor
nodes elected as CHs, normal nodes and dead
nodes. Therefore a size of a habitat is a number of
sensor nodes in a network. A binary representation
is used to distinguish nodes. CH is represented
as 1, a non-CH node as 0 and a dead node. The
habitat in the population is seeded with K-means
algorithm.

In KBBO, the fitness function F is defined as
follows:

_intra- cluster distance

inter - cluster distance

CHy,
2. 2 d(s;cH;)
i VSjeCH;

CHj, )

> > d(CHZ.,CHj)

i=1 YCH;#CH;

where C; is a sensor node; C;, CH; are two different
cluster heads; d denotes the Euclidean distance.

In order to achieve optimal clustering in WSN,
intra-cluster distance must be minimized where as
inter-cluster distance must be maximized.

GA based clustering algorithm in KGA has
setup phase which is a clustering formation phase
and steady phase in which intra-cluster and inter-
cluster communication takes place. The setup
phase of the algorithm is same as that of LEACH
but based on BBO algorithm.

Simulation Results

Network Model

The following are the assumptions with respect
to WSN in the proposed protocol:

— sensors are randomly deployed throughout
the sensing area;

— sensor nodes are heterogeneous in terms of
initial energy;

— energy consumption of the sensor node
during data transmission depends upon the (i)
distance between a sender and a receiver and (ii)
the size of data;

— a node calculates distance to other nodes
and CHs based on Euclidean distance;

— sensor nodes communicates with a sink node
deployed in the middle through their respective
CHs;

— nodes are stationary after deployment;

— communication links are symmetric.

Energy Model

In this work a simple radio model [5] is used to
model the energy dissipation. The free space model
(d2 power loss) is employed in case the distance be-

tween the transmitter and the receiver is less than
a threshold value d), otherwise multipath fading
channel model (d4 power loss) is employed. The
energy consumption for a / bit message between
two nodes at a d distance is calculated thus

ET (I, d) = Egecrl + g4:1-d? at d <d,, )
ET.(l, d) = Egec’l + &y l-d4 at d > d;
ER.(I, d) = Egecl. (3)

where ET (I, d) is [ bit transmission energy con-
sumption at a distance of d; ER,(l, d) is [ bit re-
ceiving energy consumption; E,.. is per bit energy
consumption of transmitter and receiver circuits;
gs and ¢, refer to energy consumption factor of
amplification for the free space and multipath
fading models respectively.

Performance Metrics

The performance of KBBO has been compared
with SEP, HCR and ERP on five metrics: net-
work lifetime (number of alive nodes vs. number
of rounds), residual energy, stability period and
throughput for 10% and 20% advanced nodes. The
results have been further validated quantitatively
(through tables) The network and energy models
are used as defined in LEACH.

— Network lifetime. 1t is defined as the number
of rounds when all the nodes exhaust their energy
and eventually they die.

— Stability period. It refers to the time inter-
val from the start of the network operation (first
round) until the first node dies.

— Residual energy. It measures the remaining
energy of the network every round which is calcu-
lated by subtracting the energy consumed by the
nodes from the total energy per round.

— Number of alive nodes per round. It refers
to a number of advanced nodes or normal nodes
whose residual energy values is greater than zero.

— Throughput. 1t is a number of packets re-
ceived at the sink node from the CHs.

Simulation Settings

The protocol has been implemented using Intel
Core i3 processor with 2GB RAM with 100 sensor
nodes which are randomly deployed over the area
of 100x100 m. The location of the sink is in the
middle of the deployment area.The parameters for
simulation settings are shown in Table 1.

Table 2 shows that the stability of the KBBO
protocol is better than that of SEP and HCR for
the case of 20% advanced nodes.

Network Lifetime

Network lifetime can be shown by capturing
the number of live nodes at each round till ev-
ery node in the network dies. To clearly depict
the effectiveness of the proposed algorithm, the
results are shown quantitatively in Tables 3 for
10% and 20% of advanced nodes in the network
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Table 1 Table 2
Parameters setting for simulation Stability period for different
— protocols for different number
Description Value of advanced nodes M
Network size 100x100 m M |SEP|HCR | ERP | KBBO
Location of sink, BS (50, 50) 10% | 864 | 914 | 1012 | 888
Number of nodes, n 100 20% | 999 | 920 | 1079 | 1034
Initial energy of nodes, E, 0,5J
Proportion of advanced nodes, my 0,1
Energy factor for advanced nodes, o 1
Energy dissipated per bit, E . 50 nJ /bit
Transmit amplifer if dgs <d,, Ey, 10 pJ /bit /m?2
Transmit amplifer if dgs > dy, E,y), 0.0013 pJ /bit/m4
Data aggregation energy by CH, Ep, | 5 nJ/bit/message
Size of data packet 4000 bits
Table 3
Round history of dead nodes for different number of advanced nodes M
Dead nodes, M= 10% M = 20%
% SEP HCR ERP KBBO | SEP HCR ERP | KBBO
10 1153 1047 1205 1225 1185 1050 1190 1204
20 1204 1099 1256 1283 1219 1146 1258 1308
30 1232 1159 1295 1342 1250 1208 1312 1363
40 1278 1255 1364 1386 1284 1276 1364 1432
50 1300 1303 1390 1431 1323 1353 1408 1494
60 1328 1372 1432 1516 1368 1430 1480 1573
70 1370 1459 1535 1622 1424 1569 1572 1719
80 1445 1940 1683 1720 1529 1928 1887 2086
90 1494 1956 2445 2123 1791 2529 2747 2938
100 1563 | 3220 3317 3952 2236 | 3536 | 3673 | 4336
a) b)
60 60
— 50 | — 50
= =
240 240
g g
S 30 ¢t = 30 IHCR
p= =
=20 =20 KBBO
3 3
o S
=10} =10 | SEP / ERP
0 1000 2000 3000 4000 0 1000 2000 3000 4000

Number of rounds

Number of rounds

Dependence of the residual energy on the number of rounds for 10% () and 20% (b) of advanced nodes

18

Tekhnologiya i Konstruirovanie v Elektronnoi Apparature, 2018, Ne 2

ISSN 2225-5818




SENSORS

respectively. Table 3 shows that in case of KBBO,
nodes die much later than in case of SEP, HCR
and ERP. In the KBBO 10% of nodes die at the
1225th round while in other protocols, nodes died
very early — at the 1153th, 1047th, and 1205th
round for SEP, HCR, and ERP respectively. In
KBBO, all nodes die only at the 3952nd round (at
the 1562nd round in SEP, at 3220th round in IHCR
and at 3317th round in ERP). With 20% advanced
nodes, the performance of KBBO is significantly
better than that of ERP.

Residual Energy

Figure shows the comparison of KBBO with the
other protocols in terms of residual energy versus
number of rounds with 10% and 20% of advanced
nodes. The curve is less steep due to fairness in the
energy load distribution and gradual dissipation
of energy in the proposed protocol.

Conclusion

Many clustering-based routing techniques have
been proposed in order to save energy and extend
the network lifetime. LEACH is the most prominent
protocol but it has its own limitation. Selection
of CHs is done probabilistically and the network
lifetime is not maximized significantly. Selection
of optimal CHs in WSN is an optimization prob-
lem. Metaheuristic techniques offer an effective
alternative for solving optimization problems.
In this paper, a new protocol KBBO is proposed
based on the BBO. BBO is the latest evolutionary
technique for solving optimization problems. The
proposed technique is explained through popula-
tion initialization, setup phase and transmission
phase algorithms. The performance of KBBO has
been rigorously tested and compared with SEP,
IHCR and ERP on several metrics: network life
time (number of alive nodes vs. number of rounds),
residual energy, stability period and throughput
for 10% and 20% of advanced nodes. The results
have been further validated quantitatively (through
tables). The results show the superiority of the
KBBO protocol over several parameters.
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TIBPUJIHUN TIAX1[ 1O EHEPTOE®EKTUBHOI KIACTEPI3AIIII
JJII TETEPOTEHHOI BE3/IPOTOBOI CEHCOPHOI MEPEJKI

Temepozenni 6ezopomosi cencopui mepexi (BCM) cv0200Hi 31ax00amy wupoxe 3dcmocy6anis iy MOHIMOPUHLY
HABKOAUWHBOZO Cepedosuid, 6 cucmemax 6e3nexu, 0XopoHu 300pos's ma eiticvkosii cghepi. OcHoeHoW0 NPob.e-
Mmoo BCM € neobxionicmo MAKCUMISYSAMU UAC HKUMMS MEPeKi, IMEHULYIOUU NPU YbOMY CNOKUCANHA enepeil
6y3i6_cencopa. /las il supiwenns yOOCKOHANIOMy NPOMOKOIU MAPUPYMUIAYTT 3 PAXYHOK YOOCKOHALEHH
npouedypu Kﬂacmepzsamz onsa BCM. Memaespucmuuni memoou noKa3d U 2apHy ehexmusHicmy npu eupiuleHHi
3a0au ONMUMI3AUET, NOG'A3AHUX 3 WUPOKUM CREKMPOM NPAKMUYHUX 3ACMOCYE8AHL 6 0e30POMOBUX CEHCOPHUX
mepexax. Onmumizayis na ocnosi 6iozeoepadii (BBO) — ye esomoyitinuil memood, 3acHoganutl Ha Mizpauii
6Udi6 MiX Ccepedosuuamu ICHYSAHHS, SKUU WUPOKO 3dACMOCOBYEMbCI NPU SUpiuleHHi 3a80aHb 2/100AbHOT
onmumizauyii. Busnaueno 3ae0anns onmumizauyii 6 mepminax i nosnawennax modenetl Giozeozpagii: Koxnuil
0CMpie npPedcmasnisie ooue piwenns, i0o0paxene 03HAKOI0 KUMMEIOAMHOCE — YiIb0BOI0 (PYHKUYIEIO, 3HAUEH-
M5l SIKOT € THOeKCOM npudamuocmi ocmposa-piuennsi. Xopowe piuenns MA€ sUCOKUU NOKA3HUK npudamnocmi. Y
cmammi npedcmasieno 2ibpudnuil nioxio 0as Kaacmepusauii 6e30pomosuUx CeHCOPHUX Mepex, AKuil 00'conye
memaespucmuunui areopumm BBO ma memod xaacmepizauii K-cepednix.

st Docaioxenst 3anpononoeanozo nidxody 0o enepzoepexmusnoi kaacmepizauii 0is zemepozennoi 6e30pomogoi
CEHCOPHOT Mepesxi Ha 1020 0CHOGE Po3pobaeHo npomokos mapupymusayii, naseanui KBBO. ITpodyxmuenicmo
KBBO 6yaa pemenvno npomecmogana ma nopisnena 3 eidomumu npomoxoaamu SEP, THCR ma ERP 3a
KIAbKOMA NOKASHUKAMU! MPUGALICTND KUMMEB020 UUKLY Mepesxi (KiAbKICmb KUBUX Y3116, KIAbKICmb payndie),
3anumKoed emepzis, nepiod cmabirvnocmi ma nponyckua soamuicmo na 10% ma 20% poswupenux ey3snie.
Pesyavmamu mM00eni06anns nokasaiu, wo nponoHosanull nioxid 003604u6 3HAYHO NOKPAWUMU ePeKMUSHICTb
eéxasanux napamempie CM.

Katouosi crosa: kaacmepusayis, uac xumms mepesxi, nepiod cmabirvnocmi, BBO, onmumiszauyisi.
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TMBPUJIHBIN TOIXO/I K QHEPTOODD®EKTUBHON KIACTEPU3AIINN
JIJIA TETEPOTEHHBIX BECIHIPOBO/HbIX CEHCOPHbBIX CETEN

T'emepozennvie Gecnposodnvie cencopnvie cemu (ECM) cez00ns naxo0am wupoxoe npumenenue 6 MOHUmopun-
2e oKkpyxawell cpedvl, 6 cucmemax 6e30nACHOCMU, 30pasooxpanenus u 6oennol cgpepe. OcnoHol NPoLLIeMOl
BCM ssasemcsi Heobx00umMocmy MaAKCUMUSUPOSAML 6PEMsL KUSHU CeMU, NPU 3MOM YMenvuds nompedaeHnue
aHepeuu Y3noe cemcopa. [aa ee pewenus cosepuleHCMEYIon NpomoKOLbl MAPWPYMUSAUUU 34 CUEM COBEPULECH-
cmeosanus npouedypui Kiacmepusayuu 0is bCM. Memasepucmuueckue memodv. nOKA3a1 Xopouwyio spgpex-
MUBHOCY NPU peuenull 3a0ay ONMUMUIAUUL, CBAZAHHBIY C WUPOKUM CREKMPOM NPAKMUUECKUX NPUMEHEHUT 6
becnposodnvlx cencoprvix cemsix. Onmumusayus na ocnose 6uozeozpagpuu (BBO) — amo seomoyuonnviil me-
Mmoo, OCHOBAHHYII HA Muzpauuu 6ud0s Mexoy cpedami CYuecmeosanus, KOMOpsii WUPOKO NPUMEHACTNC NPU
peweruu 3adau enobarvroi onmumusayuu. Onpedenenvl 3a0avu ONMUMUIAUUL 8 MEPMUHAX U 0003HAUEHUSLX MO-
denetl buozeozpapuu: Kaxoviii 0Cmpos npPedcmasisem o0Ho pewenue, OMmpaxennoe NPUSHAKOM KU3HeCnocoOHo-
cmu — yenesoll pyHkyueil, 3Hauenue KOmopou A6151emcs UHO0eKcoM 200HOCmU ocmposa-pewerus. Xopoulee pe-
wenue umeem GulCOKUIL NoKaAzamesv zo0nocmu. B cmamve npedcmasien zubpudnviii nodxod 0as Kiacmepusa-
yuu 6ecnpoBOOHbIX CEHCOPHBIX cemell, 00BedunsIOWUl Memaspucmuyeckui arzopumm BBO u memoo xaacme-
pusayuu K-cpeonux.

st uccaedosanusi npedioxennozo nodxodd K 3nepzodaphhexmueHotl Kiacmepuayuu O0as zemepozennoi bec-
nPOBOOHOU CEHCOPHOU Cemu Ha ez0 OCHOGe pPA3padomarn npomokos mapupymusauuu, nazeannviti KBBO.
IIpoussodumenvrocmy KBBO 6viia muiamenivHo npomecmuposand i CPASHUBALACH € U3BECMHIMU NPOTNOKOLA-
mu SEP, IHCR u ERP no HeckoavKuMm noxasamensim: npoooKumerbHOCms KUSHEHHO20 YUK Cemu (xoauue-
CMBO JKUBBLX Y3708, KOIUUECTNEO PAYHOOB), OCMAMOUHAS SHEPeUst, Nepuod cMAGUTLHOCTNUY U NPONYCKHASL CNOCOO-
nocmo na 10% u 20% pacwupennvix y3nos. Pesyivmamol M00eaupoganus noKda3aiu, ¥mo npediazaemvlii noo-
X200 NO36OAUNL 3HAUUMENLHO YAYUWums dPpexmusnocms yxasaunvlx napamempos 5CM.

Katouesvie crosa: xaacmepusayus, epems Kusuu cemu, nepuod cmabuiviocmu, BBO, onmumusauyusi.
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