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A Clustering Method for Energy Efficient Hierarchical Routing in
Wireless Sensor Networks

Sara Nasirian'” — Farhad Faghani®
(1) Phd Candidate - Department of Electrical Engineering, Najafabad Branch, Islamic Azad University,
Najafabad, Iran
sara-nasirian @sel.iaun.ac.ir
(2) Assistant Professor - Department of Electrical Engineering, Najafabad Branch, Islamic Azad University,
Najafabad, Iran
farhad.faghani @ gmail.com

One of the most important issues for performance evaluation of wireless sensor networks is energy consumption.
Generally, the hierarchical clustering protocols are more efficient in energy conservation than flat routing protocols. In
order to decrease energy consumption and increase network lifetime, we proposed a new clustering method, by dividing
the network area to sectors and two levels and choosing cluster heads from the lower level, which are nearer to the Base
Station (BS). In order to minimize the reverse flow of the data from BS, a tree structure is used in each sector. In
addition, the frontier between two levels and the ones between the sectors can be moved during network lifetime and
facing dead nodes. Simulation results show that the proposed TSBC outperforms LEACH, Multi-Hop LEACH and
many other conventional routing protocols in energy conservation and in network lifetime. The special formula used for
cluster head selection and concentrated battery depletion prevention can also be adapted to other hierarchical clustering
protocols, to achieve higher energy-efficiency. Thanks to devising special measures, fragmentation occurrence in
routing process is highly avoided.

Index Terms: Wireless Sensor Network, Hierarchical Routing, Minimum Spanning Tree, Fragmentation Avoidance,
Sector Assignment.
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Fig. (1): Overall steps taken in TSBC
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Table (1): Variables used for network simulations
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Fig. 3): A Network with a not-centrally-placed BS

=-Y-0

b bl e Gl o Shes JLae 5o 5l Wlie cl o
el oo oolazwl TSBC (golyainy

0,89 0,lads o> 0040 slao S olaws -

0,93 0 ko oy a8 ool 5351 -

il o 0,99 05l s 5 00,0 (Lo )T slasy a5 ol Jlas
aSd gloj am L as ail coadly ol [Slas gog0> b wilgs oo
by sales 1) iolee )5 seled e 5l o Sledbl Lol ool
O LS e oo plid 1) aSiil oslanBl (6550 liee a5 500 Jlxe
oleme 59 ol g anlss a0 (65,51 B pman g 05 Sl
S sloaSs 3, Shoe ol o ol s 5 bsF (sla e
Stz egn syl g SYle Sl (55l ;5 45 2Bl e e
LS 5 Ggrme slaSSgn 3 Shas b olering g5k o Slos anlio
S, Slos aslin 1o rw jud Lo dnlol jo sl a8 5 )18 oolanul 0,90
2 s LEACH 13 5 (39,00 sl JSS9 0 L 095 (soleriny )b
Multi Hop plye oo o580l (nl slaaidly aswss 0 5389 )
.~,ls LEACH

ol SS9 n by o a5 o5 wd s i (F) JSs
1 ol 50 a8 loyga 5l ey 0,90 YO« + 5l iw yo &> TSBC
338 0y oo LEACH S5 5 (Aligy o aSed )3 003 (505
il e i slae,S g5l oo

Kop Gilwans mls Hube a5 Glaglie o alin 6950
ol 48,3 &ye0 Multi-Hop LEACH Sy, 5 (golpain
Sgd> 0 e oo odwlie (F) US& o a4 jghiles 040 o0 |,SS
s 0ol Sleidey o )s8l (digy Cod aSed 0)90 WO I e
o, eles aS ol J 50 cpl bl e 00d) sloo S ol o2
31 G Multi-Hop LEACH  JSGg, jidigy Cood aSicds jo ol
aT )b a5 sl 55 ol & oyl S50 55 Ll alies ilos e ol
olgin 595 40 (5lo,g0 VYO g VO« + 350> ;3B L ko 55 0
045 oo 5T Multi-Hop LEACH g LEACH & s

O



NETWORK RESIDUAL ENERGY(J)

5( .
——LEACH
10} -+-Multi-Hop LEACH
a-TSBC
30+ 1
201 i
a
o
10}
3 )
= O
C i S 3 'y
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5(

ROUND
5 53 aaila il (53, IS lamalin iomie V) JS5
(O o L SLdliaz 3500 53 655 0 oSl (6 51,8 pas)
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