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Abstract

In cluster-based wireless sensor networks
(WSNs), the most of energy is consumed in
cluster heads (CHs), which perform data
aggregations and relaying. The lifetime in
cluster-based WSN is subjected by the lifetime of
CHs. Therefore, in this paper, we equalize the
energy consumption of the CHs to prolong the
lifetime of WSNs. After equalization, we obtain
the length of sides of cluster area for network
clustering. Numerical results show that the
circular area of WSNs is adopted to perform
energy equalization for CHs in this paper.
Furthermore, simulation results verify that the
proposed energy equalization for CHs is effective
for circular WSNs.

Keywords: Wireless sensor network, Clustering,
Cluster head, Energy consumption
equalization, Network lifetime.

.
1.5 3

SEE L e & ﬁfs}i@ﬁ%:}iﬁfm%
B SRRl AR kAR S

(! \
‘&s
e
f-\ﬂ
-gg

< (sink 2 base station) > 14 % #ic & % 5 f—n&\: P
% (sensor) * Lr%]—&s\ EEX S = S AR B - I i
Wéﬁﬁﬁiﬂﬁ*ﬁ&ﬁiUHﬂ[mhﬁ
£ REFRPBT ﬂﬁ@lﬁi%]i «51',{ >N BT K
gueH o BEHQRP N FE dnE I EH
A ﬁ'}"\”‘:‘ﬁt'l' +ERE? o A E AR P

=

PR BEAPRIEE Y ¢ o d R RE
R T EEE TS RN E I

(wireless sensor networks)ei % i § F_f @ ¥
ﬂwﬁmélm%”’wué?f¢a@ﬂ#
R - ’l?‘m’é‘—ﬁ Y E o FP o qp B ok
GRS - < GRA[] 0 - R RIE
N u@)@uzz MR E PP B > I ¥ e
BLUEL LE- ) W"F\ pmgﬁ;ﬁ‘» ) T ﬂZ—q._@)f‘@IEJ_;@ fe e
o ﬁ‘fﬂlﬁﬁi%]m" rgd FHEERRAD
FEI AR S[16]0 2t 2 o @ R B ey S B (life
time) & & B e f iy E B R Bl T
MEEF 2ZEE Y EFE[2] -

B 8K B2 L AR T
%Fi@?ﬁ%]ﬁﬂi‘ﬁﬁ“ A B R FEH g ki
#%-@ﬁ%] A BRPPIEEHGE AR D DT
B3 Tt dk b 5 (sink) ) B * A VP BE
By cRaER DR ERE S iR
P AT @ BER B AR S EE - R R
AR BB AR & 0 B S 3]
- B EskE ed § £ B (multi-hop) >
740 B2 ¥ * NEE R 4 E(ad hoc network) HE
d 45 2 [3]-[5] 0 [21] 0 oA @R AL N ek B

S

)

Y

Lo § AR R BB T & B
HE %%+4¥@@,
d’\jr—‘ﬁ'fi_kf" S BB GEAR S AR T

B

%3“ P 52w E e
IR e 8- (clustering)[3] ) [6]
[7] > & dp AR eniF 5 B iRl B A5 = £ & (cluster) °

gz - II?JE, /?Jggﬁé"-?ff}tig R B
(cluster head) > T ¥ § # 4= By FARAGK B2

2009 International Conference on Advanced Information Technologies (AIT)



2009 F i PR BEFI i< B

mﬁ%am LRSS R 3R SO
%%wg*$mﬁ%P+W€ CF
m%’ﬂ ES R SRR ?mfﬁvﬂ“
%&ﬁﬁﬁ%ﬂg”ﬁﬂiﬂﬁiu’ﬂ$u
ﬁ%%ﬁu%m L RRAYE S T
)i B @ s8] 0 F]t f“%%“?‘.*”"‘t/?]
%@mmkﬂwﬁ feftsfbax g A
é’ﬂﬁiﬂ—ﬁ&fl“%%p#a%@ﬁw
Z# "m/ﬂ%iﬂ__msb/fﬁl’lﬁ_ﬁl‘t'%g%ﬁﬁlm
BERIBAMLGEY € ApHEDRE L O RE
e [13] e
P T B oAk ehpk d 1 2
FuT® S kR

LIS A
LR i ﬁ;:i:'( #c o B4
clustering . Data-aggregation .
Signaling-exchange ~ Power-aware & % o 2 ¢ 12
LEACH][16]-[18] (low-energy adaptive clustering
hierarchy) % # & cprotocol 2 — » H ¢ ¥ &
%é{%ﬁﬁ$%ﬁé%—ﬁ£’&%—ﬁ£
N LPERFS AR - Hed

@@m;f@m@é»;oﬂwaaa%ﬂ&
TR NI AP ERE R - KEEE e
%ﬁﬁiﬁﬁﬁéiiﬁﬁ’—@$%§ﬁ§
B GEA - 4 R[19) -

Am 27 * % [9-10] > 2 B E
E & (flxed clustering algorithm, FCA)+¥
CE/ SR S S IR A O 3
2R a8l @ﬁ;]" ko e FLAEBER
R EES S R S Ty
TR e o TR AR AR SR P H)‘ TR ¢
PR NE AL - BETFRAE
MR R nE oo Flt AP D KR A
o2 R 3 £ BB (multi-hop) e 3¢ » & PR
EEGFe b Poajedp kB FE £ 40
ﬁm%@v%ﬁiﬁ%amwﬁﬁﬁﬁmm%
3 PR ELEAREL > NEDELER
Bl nd P [22] 0 A P o A
# 4F 31 F1 A5 % 32 R P e i ZEBEE AN E
i

2.0 0 L MR

A TRPBI RS AoB]
SRR S S - JES 5-0 Y Hycr
CT % B?; = & BB (Circular two-hop) » d 3t=
BEEPEGFIEEAY S 2 EHT B T
BEEFRE 2R FIMBRER TR TE G
d, (1/m ) >
RS

, ik'ys*“*'

pL o '"’i\"laslf)\ﬁi"‘?é\’é s & B
Bite > LR

.4«./\,

"'Tﬁ g4 F‘

tl o F o AR EFETEE R TRET

T ’1ﬁﬁ%%ﬂ 2 R R & BT M
A A e 2 LR G AAA#H 2 P
= fg;ﬁ,;f]y‘ fg;ﬁ;iﬁ‘_‘;t ’ f;;ﬁg»i_@:ﬁ}fﬂzljv\ |
#Z—f‘gl]}.ﬂ AR PIRERITINGZ R PREREE
ifﬁﬁzf’

i, 4 i;ﬂmglgf’ s BEFE B AL F * ¢
| % i9(fading)z_ 22 i > Fl s 3 n &
Jo & 2k Bk o AT R «?Jﬂﬂﬂbiﬂr&&:#
BT R gH o F R EH R R
(short-term fading) ¥ i }I{r »% Jis (shadow fading)
B o R R4 4p ¥ (path loss

exponent) > #714 RP| & Bhdk e 2 MELF 5
P
P = cd—; (1)

A dp&/PJ“%IQ%]m&Egg P, 47 i

Bl F o ¢ 5 EF SR B ES BT BTt
4 M2 ¥ gk o o A& ST A F A &K

(attenuation exponent) > o §° B 2~6 2 F[4] > &
AL RIRRS > BT DBE LA TG A
ELEA R R RN S SR Y
SRR SRR L C O L

2 BTG RS PR oo

Bl 1R S R e B2 R

SEHLERTRE TR L
2 AR APREH - w £ (round) ¥ B iE TR
”Lr/ﬁ PRS-

Eqy=E, -X*-d,” )

HP g, 5 K TG EEg

2009 International Conference on Advanced Information Technologies (AIT)



2009 F i PR BEFI i< B

X2 2 EBER BT E(mY/mY) : BiEE H =

TR - 2GRN B AR A PR
HERZFHRBEERRPRS P23
by B r/{b‘—?i mi,’l;f,fi‘r ,#%_13:;4}1,%_}\
w P=cico AP o i@y My i
Flet Q) ()7 F
2

E,X"=T,-F 3)
He Tusecond) i — W & ¢ % Bl
PR o

=l 5

3. ¢ Tt‘lﬁég

T B SRS P e B 1(%? Bl Az > 2 5

L BEBE R ETREIELETE S A B
2 (1) éﬂ,;{;gi‘& oy 1(2)% i?‘&‘f’]'l B2 i
OB L WA BRI L
EE AR TR OB LR TR
& (data aggreat1on)[1 1]:}5:41& FHms L5 5
FRATALEFEAE B0 F2% (&
& 2 Z RNF B -

B AR R N EEEERE S A
e ML R
#mr@&f%+k%Wmﬁzﬁ’ﬂw&%
ﬂ&_E/mFJ—_’B?l ’pql?‘ﬂé" }f@m?_f, > 3B f??‘;}iﬁﬂ:
kﬁﬁ’é%m%mmi’giﬁw@ﬁg,
ﬁirﬁé"lw'ﬁsbaiﬂm’ﬁL’P}i,?jér,%;;
’x“ Lonft s BAEMRE RIERY 4 FE TR

ZHHTE S PFREERE o G TG
ﬁ'“fi

TR £ iR Gt g i R

JLEFE R 2 P ,u,p%*}t‘!w—smmr}
foo B AEMB AT BEERY 0 FH S
EEFRERE SRY EFTREREET S
FRAm EFEH G TRk N G T
oL anT o B HX E R4 E AR
Pl p 2 B e 5 { B & B4 s
ME e BA S THBET) z«daﬁ;“gﬁﬁw
L LA FRET g
L5240 FItApgts " MR Oy & -

AEFFFECRELH

BB GRE B A dT o 03K 5 907 R
BB FA A B 3607 ot b 0 3o B 1 B R
BIRBES e BELSRPIRSE  KEY - B
FHUA S AfB A BEE P FEBR R R
2 LI HE A xep oy, d BEERREE A

ft’ B 2 %»E;F'F'—»Nb__/ﬁ HEFE L, 3 RH
.g__"

Xep o Yor 22V b AN T L85 BB R
ER L P S A
X 2
2
Eyor = [ﬂ- (xCT + ycr) ](%) “)

_xéT].[xCT-"yCT) 3)

Eyer=n- [(xcr +yer )2 5

AR AFEBEAF B Lo S
A PAES LR BRI
‘F;“u%%AvZL‘*E PR x FE AR
ﬁf%‘g‘Byff’Fﬂ LR B H & HB-E»I]}‘?L‘

»~'T/}i %3-14 #El-?{- ’ E]J]—# xCTft’yCTmﬁlg 'u ‘_} '1

_‘gﬁ,«/\a

2

a
_xér]' [xcr + )’crj

- (eer + yer 2] (xﬂja -
(6)

- [(xCT + Yer )2 5

A ]B)‘%”EJF‘L Qﬁ?f’i*"ﬂ&ﬁﬂ“—wb
(Round)’ & — % & & § FAHehg ip| 1 2 3¢
SLECHECE R S8 T F P S
ik Hp pERT éuﬂﬁ? ﬁw;ﬁﬂ}m,lﬁ;\?}:%%
B RPGR R -

=TS

S.&kELSTES

ki B atr? s APREE A2 Y
Exop ks Imo ¥ ARSI L BBl 2<055
Lﬁﬁ@ﬁﬁﬁT’ﬂF—%%B1§£ya
¥ R R 0 AcR] 2 FTon e

dRI2F g GRS Yo, §
ET%’H%%%B~&M&%%+’ﬁé
'J% “P/ﬂ%ﬂ‘*u s E]ﬁ,_o»w,i\,,]aa}h
;?mpz%ﬁa;ﬁlkéﬁﬁﬁﬁﬂw”

_:_.

N b

PO AW 3 AT 0 B TR E RBUSER A
1o @ Riple f 5 4p zj&ﬁwr%\ 1”‘ ;A th
B A e =2~ 5 2 T T e

2009 International Conference on Advanced Information Technologies (AIT)



2009 7

H KB EE e B

02

12
. xT,CT
14} Yoot
#* +
09- : g
081 : 1
Eoaf E
06 i E
05f- . ]
o4 . : ]
03 3 i ]
: 3
| i
2 3 4

Cofficient of path loss {a)

BiTen Ra e LIF);V/Q ® AL

AR NS fﬁ@ﬁﬂﬁ—;

FH o Ae@l 4 BT o

B2 - B @%&%%&Eﬁ%T%%
R Rt
1 ~4rip M S8k
P S REE
BATAR _ _ _ _
4 i a=2 | a=3 | a=4 | a=5
R B
b
7%(/\ 2224142 | 174.4691 | 147.3003 | 130.7294
2)
ERE
2_Hcp 100 100 100 100
(13)
HixaE
-4 F
#d2_ &t 100 100 100 100
S
(1)
-
e iy
e | 107 | 107 | 107 | 107
T
2(E2)
| 3¢ N ENFA G AHL - K
Wh&iﬁ&h@ﬁi'%f

%k?&ﬁﬁ%TN?

01
—— direct
oggl | Twohep | 3
—4—Three-hop
—#— Clrcular two-hop

Energy (joule)}
o o o o o o
8 8 8 88 8 8

)
2

1=
o
="

-«
F 3
Exponent of path loss (a)

ﬁ3wﬁ@ﬁﬁﬁiﬁ§w@

. 2
4

d@46’?ima%%z&wﬁi%¢
T B AA#H2 @ﬁ;‘]ﬁf;\ A ) o =2
AT R A P ARSI A oAt kAR
S 2 FRT 0 A G z";&&?‘ Tﬁﬁiﬁﬁ:i‘i%%
S A W ARRT = Bt @ﬁ]~wgﬁa=4
Z2_{8 » v* Three-hop @ﬁs:] U AR R e
B2 5B e

—#— direct

—8—Two-hop
| —#—Three-hop
—#— Circular two-hop

=

10l : ; ;
2

25 3 35 4 a5 5
Exponent of path loss {u]
B4z %ﬁé—@%ﬁﬁ—‘i\‘ EERESTS | RTS8
Ak B2 BE W B 2wk 10

2 EBRE wﬂw»uﬁ;;%@i%

GRS ER LS §i=>S0 S F NS =

B S #7 5 b3 FREFA Glca=2~52

FmT oo mRE D ATERZEET > L BERA

P BVESEEEIZI RS § )

#ug’aﬁﬁ%%ﬂ%%ﬁﬁ%ﬁéﬁﬁ&
A 45 2 B (AR T o

2009 International Conference on Advanced Information Technologies (AIT)



2009 e pALBTE R 2 B

7 2 P2 BB S g(
£ 3 R
RBRE 2 Bp (1) 100
(R T EH2 4t i 100
(%)
& - BarE G- ooy 1077
Fag(ER)
i BL=% #c(=%) 10

48

_¢_EA,E(AnaIysis}
I +EB

5} w
el [ n S
T T

i L

Energy (joule)

]
T
L

2 3 4 ]
Cofficient of path loss (a)

Bl5S MR A#HS BT HRE L2
B %

6. %-;4:,

ﬁJ%%* LALR R B PE S
w’%w%»ﬂ E&ha*‘*#ﬁﬂ%%
2 FFE A EFRE T R AR
B OE B oo «ﬁ < i B F 1Y (energy
equahzatlon) d WAL rskwEA PRS0
PN _&¢JF%¢E«L.%£T”£3iﬁ$ﬂi
g Hg R E2 g 0 2 "H‘B‘f%‘iﬁﬂ“‘ v F
J‘—fF'—];HuF]’T LAH - RE 13}%]‘47,{']?
BiXG G H ARz ﬁ@%wﬁaﬁﬁWMv+ﬁ
BRBIFEET '115%/&/?]«{%\?””% Fo® 2
mi}iﬁﬂz—}il?#]ﬁlfﬁ | RF 5 E 2 Rk o

34 e

[1]D. Culler, D. Estrin, M. Srivastava, “Guest
Editors' Introduction: Overview of Sensor
Networks,” IEEE Computer, Vol. 37, Issue 8,
pp- 41- 49, Aug. 2004.

[2]E. J. Duarte-Melo and M. Liu, “Analysis of
Energy Consumption and Lifetime of

Heterogeneous Wireless Sensor Networks,”
Proc. of IEEE Global Telecommunication
Conference, pp. 21-25, Nov. 2002.

[3] V. Raghunathan, C. Schurgers, S. Park and M.

B. Srivastava, “Energy-aware Wireless
Microsensor  Networks,” IEEE  Signal
Processing Magazine, Vol. 19, No. 2, pp.

40-50, March 2002.
[4]C. Schurgers and M. B. Srivastava, “Energy

Efficient Routing in Wireless Sensor
Networks,”  Proc. of IEEE  Military
Communications Conference, Vol. 1,

pp.357-361, Oct. 2001.

[5]L. F. Akyildiz, W. Su, Y. Sankarasubramaniam
and E. Cayirci, “Wireless Sensor Network: a
Survey,” Computer Networks, Vol. 38, pp.
393-422, 2002.

[6]O. Younis and S. Fahmy, “HEED: a Hybrid,
Energy-Efficient, Distributed  Clustering
Approach for Ad Hoc Sensor Networks,”
IEEE Trans. Mobile Computing, pp. 660-669,
2004.

[71J. Zhu and S. Papavassiliou, “On the
Energy-Efficient Organization and the
Lifetime of Multi-Hop Sensor Networks,”
IEEE Commun. Letters, Vol. 7, No. 11, pp.
537-539, Nov. 2003.

[8]A. Mainwaring, D. Culler, J. Polastre, R.
Szewczyk, J.Anderson, ‘“Wireless Sensor
Networks for Habitat Monitoring”, Proc. of
The First ACM International Workshop on
Wireless Sensor Networks and Applications
(WSNA '02), Georgia, Sept. 2002.

[9]1Y.-F. Huang, W.-H. Luo, J. Sum, L.-H. Chang,
C.-W. Chang, and R.-C. Chen, “Lifetime
Performance of an Energy Efficient
Clustering Algorithm for Cluster-Based
Wireless Sensor Networks,” in Frontiers of
High Performance Computing and
Networking, LNCS 4743, Springer-Verlag
Berlin Heidelberg, pp. 455-464, Aug. 2007.

[10] R. Szewczyk and A. Ferencz, “Energy
Implications of Network Sensor Designs,"
Tech. Rep., Berkeley Wireless Research
Center, Santa Clara, Calif., USA, 2000.

[11] J. Shin and C. Suh, “Energy-Efficient Chain
Topology in Ubiquitous Sensor Network,”
Proc. of  Advanced Communication
Technology, 2008  10th  International
Conference, Vol. 3, No.17-20 pp. 1688-1693,
Feb. 2008.

[12] W. Dali and H.-A. Chan, “Equalizing
Cluster Lifetime for Sensor Networks with
Directional Data Traffic to Improve Energy

2009 International Conference on Advanced Information Technologies (AIT)



2009 e pALBTE R 2 B

Efficiency,” Proc. of Consumer
Communications and Networking Conference,
pp- 714-718, Jan. 2008.

[13] R.-S. Chang and S.-H. Wang, “Hexagonal
Collaboration Groups in Sensor Networks,”
Proc. of Consumer Communications and
Networking Conference, (CCNC 2008), pp.
358-359, Jan. 2008.

[14] J.-S. Wang and J.-C. Chiang, “A Cluster
Validity Measure With Outlier Detection for
Support Vector Clustering,” IEEE
Transactions on Systems, Man, and
Cybernetics, Part B, Vol. 38, Issue 1, pp.
78-89, Feb. 2008.

[15] J.-Y. Choi, J.-S. Cho, S.-H. Park and T.-M.
Chung, “A Clustering Method of Enhanced
Tree Establishment in Wireless Sensor
Network,” Proc. of 10th International
Conference on Advanced Communication
Technology, (ICACT 2008), Vol. 2, No. 17-20,
pp- 1103-1107, Feb. 2008.

[16] A.Taherkordi, R. Mohammadi and F
Eliassen, “A Communication-Efficient
Distributed Clustering Algorithm for Sensor
Networks,” Proc. of 22nd International
Conference on  Advanced  Information
Networking and Applications - Workshops,
(AINAW 2008), pp. 634-638, March 2008.

[17] X. Chen and Q. Yang, “A Locality-Based
LFH Cluster Strategy for Overlay Network,”
Proc. of International Conference on
Information Networking, (ICOIN 2008), pp.
1-5, Jan. 2008.

[18] H.-J. Jeong, C.-S. Nam, Y.-S. Jeong and
D.-R. Shin, “A Mobile Agent Based LEACH
in Wireless Sensor Networks,” Proc. of 10th
International ~ Conference on Advanced
Communication Technology, (ICACT 2008),
Vol. 1, No.17-20, pp. 75-78, Feb. 2008.

[19] C.-K. Liango, Y.-J. Huang and J.-D. Lin,
“An Energy Efficient Routing Scheme in
Wireless Sensor Networks,” Proc. of 22nd
International ~ Conference on Advanced
Information Networking and Applications —
Workshops (AINAW 2008), pp. 916-921,
March 2008.

[20] J.-M. Kim, S-H. Park, Y.-J. Han and T.-M.
Chung, “Cluster Head Election Mechanism
Using Fuzzy Logic in Wireless Sensor
Networks,” Proc. of 10th International
Conference on Advanced Communication
Technology, (ICACT 2008), Vol. 1, No. 17-20,
pp- 654-659, Feb. 2008.

[21] S. Ali, A. Fakoorian, M. Totou, H. Taheri,
“Energy Assignment in Wireless Sensor

Networks with Hierarchical Cluster-Based
Routing,” Proc. of IEEE/ACS International
Conference on Computer Systems and
Applications, (AICCSA 2008), pp. 299-303,
March 31-April 4 2008.

[22] Y.-F. Huang and T.-H. Wu, “Equalization
of Energy Consumption for Prolonging
Lifetime in Cluster-based Wireless Sensor
Networks,” in Proc. of the 3" National
Conference on ILT2008, Taichung, Taiwan, 6
June 2008.

2009 International Conference on Advanced Information Technologies (AIT)



