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A weight-based cluster head replacement algorithm
the Internet of Things
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Abstract

Since the sensors of Internet of Things (IOT) collect various data, the lifetime of sensor network is
very important and the data should be aggregated efficiently. The contiguous collection by the certain
sensors occurs an excessive battery consumption and successive transmission of same value of data
should be avoided. To solve these things, we propose an weight-based cluster head replacement method
that divides whole network into several grids and cluster head is selected by remaining energy, density of
alive sensors and location of sensor. The aim of algorithm maximizes the lifetime of network. Our

simulation results shows that the proposed method is very simple as well as balances energy consumption.

» Keywords : |OT, sensor network, head replacement

A1AA - AR
Fud 1 2014. 8. 28, AAYE : 2014. 9. 23, AMFHL :© 2014. 10. 7.
Alegtista 7556 383 (Dept. of Computer Engineering, Silla University)

*



92 Journal of The Korea Society of Computer and Information November 2014

AFEQIEMLE B4l 58S ZFa glemw 9 s
Adste] RS Aelstn AXME7]E] MIEHIE P4k

QE B Tel APFe) ololAT gl A4 914,
A5 %2, AAAelel ES, A4 Blols 78, 1)
Aol o] thEACIT,

APgQlEYlel EEZA BANE 712 EAsE M
925 A3k A3 ad-hoe WA St 71 Aze) g
e ol 2ol eheel, aela A EAEE ol
de] 29 A0 Yol Telshe PAoleh. ad-hoc

[e]
WA e BRE solsie] 5 WA Brle g 714 o
$ohe Aoz $Agoln] AbgAEe] MF o2 MBI
EEOEE

StER AR FAA ot

AREQIE Y] SR W ES A 27} 7] QlZe} Wol&
ad-hoc 20| A FHgle] +3E HolEle AHAte] 54
Zolo F73t7] el 7k o] wlo]s AEojdoR HEH
ok 78 Aol o8] E dlolE= A7 &&E 99
o] Ao tigh 3ol o]FoiR= FeF WSt glrtw
AR e FAIEE BY Aot} & F 9] d&d
SH Aleldll RO xpol7l gl-& Aloltt. o|2fgt 7% AlA <
AR &HE 2717 eiME S 1 B0l 59
o] a7HT

olg|gt FAIH L sl dsly] S8l T 7S] AT
= gEA o ANEE Y s EYR E53le] I A
gE Fst= Zeoltt. | 7Y, & Minimum bounding
rectangle(MBR) 2 AAE 7t BE-A24] AAE 353}
£ o2 93] BRosi 8 dAR7} T BAeln 53
ad-hocd] 7= A Al EFe] AFAo] a7HBR
oA AR7F Bol WAH(1,2,3).

B =RdAM e ARERIEYEA AN =259 ofiA] AR
2 &3] QA A dESAY] A 99E 53 O
B2 o be] a2ls A sl AH dgez
A2&E D ME JAES T A9 A 9oz Bkt
o] AL st HFS dde] E wf 74X wEHED, uke)
A F FERAME DY Ael9] HlolE Mol o]Foxma
AR &B7E Hast E 5 ok 2= AedAe 99 9

O

g3itt A 49 F= wEE olUR] ARV BouR W
ol ~Hloldue] Az, Ao gl WIE, FHE oA %
T 52 nste] E&Hoz Agd Favt gicth uex &
ATME 99 Fl= =] 829 wA LuElES Al

sfo] 2l= 7Rke] AFEQIEYlelA duA] 2R EE4E

=S 2 e 2k 27%A B Aok Bd Y
T ATES e, 3% E S d= wA dae
=0

At 71 e ASeta

v

e

B Ao B e AHE 7E AFES 1] AlA
gt} LEACH-C ¢} F-LEACH £ 938349 F82H
= AE NYog 7 AMELS AR A S Hlolx 2H)
oldez HtH4]. d= ==g Musks Wye Z22H
o A oA e FH Ax 9] $ix]of of8] AF == =
rro] Bhkde ZHHoAT BE AAME
Azke] B Bl ofal M9 AE ARES DEHARITH

F-LEACH & 339 22128 HollA F= ==2 wrl
2 gsls WO R FE2EF P51 VA b Bk
o Al s FlEwE A el AFAE F gout
7} wE=E Tyt A2 FHAEZ uAEY By st
& FH2EY FErsd ARE BY F gle de] 9
(5). E-LEACH & 4149l ZHE oiA]q] o8] Fl= ==
g Agshed] W Zes vtk doldle ouArt B k=
FR 2 AeEd6). V-LEACH & vice-CH 7|Ho2
gole=dl 5% sl dlExsr) Frigke dolEs
Hlo]2 20| el g} HFE BAsHE dme|Fe|thT).

Cooperative LEACH= 7159 LEACH7H¥= th=2
Al Ze2H ol thre] Slees s ix|sle] s FHH o
2 ol 2o HAAE Hul= gmE]FolvHe).
W-LEACH®E LEACHS®] #7422 dolg #3d 3H& F
I AE 7R AAMEY duA] A Sel2He AN
UE Yoo ug} o s Aesi 5% ofuEL gt
3 Fqo] AMAMENA 71EAE Fofste] Bt @o| dolH
2 AT  URS dhe dugFolth9). o] 71HE oWl
E 2 doJg] 40 4 T 91 5999 n=Ed
AUz 2871 HFEHER U] Sads 2t B A
T HES A AA AE7IHE Hulgls) el 2= of
A, 4x, a3 Y7 2Ed HoE A wxo A

H

-

J

)

=
=°

N o
T

i)



AR IElelA 74A] 7kt

282 = w4 duglE:E 93

. 7FEX| 7|8t S|E WX ¢

AFehe 7o A28 Fxe 7 160X BRe] agj=
7lWte 2 ZF AMEL agltd A%E 1 ZF aE YollA
dAslE oMlEE 2 2AE F=(CH : Cluster head)dl

1 =
olg] A3t vlolElS Hjo]x AH|o|d o2 Afgith Uuky

o RS S MR ANEE 27ldE FL
HA S EEkE Aol Aol wek £, X187 o), 83

2910] ojal MlFAH R FAATh AR Bl G AR
YN F2 2rlel )7 22 Aol o8l vlsl2}
FAEEE W WA BAHolt),

. g

O 1. JBlE Tt WERITR =
Fig. 1. Grid-based |OT

WS AR Holel e A oR Walh
£ 743 0 % vk 749 Wake 54 A4 290
N 3P olIEr} SAshe AR 4% 7150 wsl,
WA YA A st ol 1 dlolet. webd oleia
Z9 delgel £4 glo] Helet Agselol @tk
B ERdAE olEid B nels] dux £eHd 2
fod s @A neEe AN Few PRe
o] ABel] ok 2ol e AHEIEE Tt
B3 oA 849 A= BALTLES AXSl AFE

HUE A e AE 7Ike 4\‘4@}/‘]7]” Aot

A )\1
g

31 MM =9 ofx| =&

E 1€ 2 A7AA AR A4 oA RelEA RE
ANE BUF B4 WS Itk Bt 2 el
7] NAA (Bpie) & 1J 2 7V33 by, BIESQ] HoJE]
dians A8l e == HFsh=dl deg yXA
B (bpac, dyrans) ©1T. EIOTEE 218kt BQ3h oA

=) mlo [ [ TR0

dt/anc ]E]' =4y oﬂ}\i LaA=Ny) }Z] bp@c H]—E—E«'% JHZ\
Bl 928 quRE w= 7 b Alxwsol
E(bpdr dérans) 01—7 5"1: }T—‘:—o]tﬁ- E( 'pacs dLl'ans) +
E(dyans) ) AFAZY 27-9THE2 (1)),
Ef(bpzic', dtr;ms) = bpac ’*81’7(,‘1(,‘1,' + et,;imp *bpac $d2 trans
E‘I'(dtl'éiﬁs) = bﬁc’ilf *ei ()]L‘L’ ‘1\_&} (1)
E 1. oux] 22| 7|5
table 1. Symbol of energy model
75 Aoy
Dpac TEE mizlel HIES
6t olec e _’t to] oflAX] A Al
&t amp S EF719] olx| &2 A5
hrans &S Hel
r Sl e
£ HE ollAx] Azt
E T4l ol X] amak
Eine MMe| 7| x| (1J)
32 23{AH &= A L0EF
B 7ol agls Ae 59 W2 274 ANES 7
Ael] FdsHAl MR AR WA 12, 37 T ok a9l
of <3 M@LstA FAELt AA dee 5L 27l )
S WProjxn] o] e Ao & Mol Pol B
WA o] Agoel vlEg. o dARl B4l Al 1 Fol
2 ol A7} ekl MiAE AL 1 F ool B &
S Aot} Heinzelman et al. (2002)7} #okgt Al ]

E9)Z0e 222 A= vl 8 249 850 o

= mer) AeE ey o) AL Altelr] gaf AEe] oy
A AR7F Q=Y 10). ®3F Tang J, et al (2013)59]

Al a AE Felzw 9oz PYea 39l o
5% Robd 9] Gz ASAATHI). o] Age sht
o Qdejo] @ WA A% olel@ PAdE Flel o
UA 27t 9&%@

29| FEwert A
7o gtk

o] & 2

4.6‘} Z7]9



94 Journal of The Korea Society of Computer and Information November 2014

7V 7HHA 4AE w28 AEsta o|F e <y

A 71 AXe ouA] T, A
E XS 2, aela FAelA el Arfoltt. duA] Hgo
S5 FEIE 7Feo] wom, A A duA 2=
=oW FAs {zﬂ yjES A9 AZE 7|7ko] Hoyd Aol

95T THE NS FAL I

oleld 98 wge] e 44

3 2)9,]_ 71—o] gﬂ\:\_‘\:é
Aeislr] A A w & =Y

S g e A A

Nel ol tigk W ol A AAe St el ¢

= A M AN 3
AR 7RAE Fopild,

AlA 755 rci kel

wi = ¢ “d ¥ (rc) 4 (2)

make_Grid() {
1: divide the all region into even grid cells
2: select initial cluster head
3: if period is time out
4: select_Cluster_Head();

else

idle;

}
select_Cluster Head() {

S @ total number of alive sensors

Sy number of alive sensors in range r

5: for all sensors of all grid {

6: & = measure remaining battery;

7 -S/S:

8 w=¢"d " (rc)

}
9: select new CH with maximum w;
}
2 2. &= WA LoBiE
Fig. 2. Head replacement algorithm

a8 2% FY2H J= wA duelEe A WA [
49e Y A7|9] gl A= Uet) 27dE FeaFH
AEs TN Mg 77k wEE AFE st Alzte] Ay

A A oA g, ajse] dux Bx, Ju F4
e AE 24w e 7EXE duaEe 5~8 9l
3 Akt 7HA7F AU w27t ey 7719 dlEes
7F Eot.,

33. & wA| F7|

Nze] APEL Zesy dse s Zeay 272
A4 ghste] V29 a0 YF 7Ps AHS Aiatshe Aol F
3 9tk 53 LEACH 2123e g8xow 3=
=g Adstn o) ket e AN S Aol 7l

Tk g Fs o] Fu wAAE
Lo oﬂq;q Zmel A3 dddo] Qo

54 =59 dluAyt 1z
l +gol Ha v uus)
Al s Xdiﬂ LﬂEw’Hi«l RFE Azto] #oWth & First
node die(FND), Last node die(LND) Alo]2] AJ7to] 2
01%174] ﬂﬂ‘r

o] FND, LND Alel9] 244 & #asslurl gt - A<

ol ’d A AZH(Life span : LS)E ok 2 (3)ell ©J3)
Ak, g% d3Ee e o FIEY ¥
(preee) o 2 Aeka g 7] Bl £, + @ ouAE &
2 A5 A9 AR (B S 3 77 T 2RBs)
£ AU R YT ol AE ARS8 S gl

= rem average 2~ A]
LS, = xR 54 (3)
A EL] o BE AL (LS)e] ik 24 (4) 9 2ol
AL 4 olck o] W 1 & LS o Bitott. o] 4k 07 o
54 QARNEG A9 e S s o YAAE LS
o A GO A 4 U 5 AE HBo] 1Y e A

lo,

A F71E

HAske Zlolt

:H_Z LS, —p)? 2 (4)
171

Iv. 45 g7t

AFeh= = A &12] 5 (Weight-based



ARERIElGN 71eA] 71eE el d= wA duels 95

replacement: WBR) 9] 4% H7FE A3l WiEHY 2 A&
A AE S FHAATE AN s F71H R e
2 =& golEE Bula 22 = dHoEHE +3
ato] Mo~ Agoldog Hgett. AlXwt Chipeon
CC2420 RF 3oz g™ 250kbps ¥ ¢ AEA]
17.4mA, A4 19.7TmA7} etk 7Fgsisivhll].
3eH7be A=A 7y mE v ES] ] AE Ao R
A #7129l @A (Round-based replacement: RBR), &
% AARE " (Threshold-based
replacement: TBR)Z} B3}t

HEYZ] F7]& 100x100m= T3] =0l 100702 Al
A7E wiRIE e ek AA AT fARRE 3 FEE S8
SensorScopedl|A] A/d gk A3 Ho|E| & AHE-gl=t o] o]
e 18719 718l 43972t =38 7173 AkgeltH(12).
AT o] HolH FellA] 2% dlo[ERt o] &3]},
o] "ol FollA A3& 93l 10,00070<] Hlolef gt ALg-3}
P Age] 7] 10,000 FLEE At

a8 3 Al 7] 7S BReER AE AA Y] 5 v
Wtk RBRe ¢F 4,100, TBR<S 5,000, Z8]li WBRS
6,600 BEE/A] AEF AS B 4= 9k RBR o 2
oot} HEres wAEEe YEYIY] AE)7t] 43
Fom TBRS 999 dAAMAE dEe=s wAsH &
om2 RBRETRE 900 2RE o4 o ZAAl A& ez
EA€th. WBRE TBRETH 1,600 2R-E o} tf A&st
Fed FE F= =259 dux] JF = o] AE
AMES] B, agu FAAA] AR & st T8
wAsle] A& AIZME HUskek Ao 2 FAE

gt

s

120

100 T

ao

B0

Alive sensors

40

ao b Round-based replacement L
— - — - Threshald-bazed replacement | |
wiight-hased replacement : 4

a . . . L i .
1] 1000 2000 3000 4000 5000 G000 o00
Rounds

J2 3 2I2EL ME HMe| 5
Fig. 3. Alive sensors per rounds

I3 4 gLy ANE duA] & s 243 A
o2 ¥ =RdA] A¢tehs WBRZIH AUA|17F 71 Ho)
ol 9l Aoz ZEAY ojie a7 3elA EA% A
I} wIA| 2 RBRE v S2E wAl2 Q13 wAIR] Mg

e oA 2r7t grke A& ovsi TBRS fAXI7
Ae wAA LA AAR | =2 ANEL] 71 FE 3
5o ol Bt wEw F45 ZRP] WE
WBR 7125} 45e] "ojxt Zlow Bae)
%10°
18 '\.\__ wieight-based replacement
AN — - — - - Threshald-based replacement
16 \ --------- Round-based replacement
= 1ar \
e i
2z BE
(0 . N
= N
g L
E 08} L
T gl _.\.\
nal '\_
. %
o2t %
a . . A ;
i 1000 2000 3000 4000 5000 6000
Rounds

% 4. 2kREgt ofi4X| T2k
Fig. 4. Remaining energy per rounds

<

. Ze g

ook
o

AT

AQEYE 17 2 A @730l wAE AN sla) A
B2 Y5 Qo YEDY] AZ Akl 8% ol
F shjelth. o] A WEQAE WA oMES A&
AHE Agdiol Sui 0|2 B = wue A
AA) Aol AN L VA, B AFE o] A= =

=i

o ZAM Aelel] et HEAE SOz A wEg
AAEE 7S AR

A8 S Qe AA A3 25 HoEE 7 <
F AZ AN == 5 T3 dur] A 2Pses
o) 7] wAsE 7HT 53 dAXS Fu wAlsks 7Y
Hoh e %S Bk 35 dFEe @A Tk
AR olfES] WA TEHoR AT F dwF £

A7E Fske Aotk

=
[e]
e



96

Journal of The Korea Society of Computer and Information November 2014

D28

J. Tang, “An energy efficient hierarchical

clustering index tree for facilitating
time-correlated region queries in the Internet of
Things,” Journal of Network and Computer
Applications, pp. 1-11, Jul. 2013.

D. K. Cho, “Development and Implementation of
Monitoring System for Management of Virtual
Resource Based on Cloud Computing,” Journal
of The Korea Society of Computer and
Information, pp. 41-47, vol. 18, no 2, Feb.
2013.

D. W. Jeong, “A Standard Reference Model for
Semantic Interoperability in Cloud Computing,”
Journal of The Korea Society of Computer and
Information, pp. 71-80, vol. 17, no 8, Aug. 2012.
W. B. Heinzelman, A. P. Chandrakasan, and
H. Balakrishnan, “An
protocol architecture for wireless microsensor
IEEE
Communications, vol. 1, no. 4, pp. 660-670,
2002.

W. B. Heinzelman,

application-specific

networks,” Trans. on  Wireless

“An application-specific
protocol architecture for wireless micro sensor
networks,” [(Ph.D. thesis),
Institute of Technology, 2000.
X. Fan and Y. Song, ‘Tmprovement on LEACH
protocol

Massachusetts

of wireless sensor network,’ in
Proceedings of the International Conference on
Sensor Technologies and Applications (SENSOR
COMM '07), pp. 260-264, Valencia, Spain, Oct.
2007.

M. B. Yassein, A. Al-zoubi, Y. Khamayseh,
and W. Mardini,
protocol of wireless sensor network (vleach)
of Digital
Technology and Its Applications, vol. 3, no. 2,
pp. 132-136, 2009.

A. Asaduzzaman and H. Y. Kong, ‘Energy

LEACH protocol

‘Improvement on leach

International Journal Content

efficient cooperative for

(e}

wireless sensor networks,” Journal  of
Communications and Networks, vol. 12, no. 4,
pp. 358-365, 2010.

M. H. Abdulsalam and B. A. Ali, "W-LEACH
Based Dynamic Adaptive Data Aggregation
Algorithm for Networks,”
International Journal of Distributed Sensor
Networks, pp. 1-11, Aug, 2013.

Tan HO, 1.

“Computing

Wireless Sensor

Korpeoglul, and I. Stojmenovic,
data
aggregation trees for sensor networks,’ IEEE
Transactions on Parallel and Distributed
System, Vol. 22, No. 3, pp. 489-500, 2011.
V. Bergli, “SmartRF CC2420: 2.4 GHz
IEEES802.15.4/Zigbee RF Transceiver,”
http://focus.ti.com/docs/prod/folders/print/cc2
420.html

The SensorScope Grand-St-Bernard Deployment,
http://lcav.epfl.ch/cms/lang/en/pid/86035

localized power-efficient

X xt 2 7

4384

19954+ Fiefsta
AAARKEHEAD

19974 @ Fbefeta gkl
A (4D

2000 : Ak vietel
HAAARFEE (HAD)

2000d~2001d = 7]&Al 85
1E 7S ()

20024 ~@A : Aleffetn

AT T
TilEoF - AR ZH,

Hejulrio], FAA
Email : jwkim@silla.ac.kr



