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Balanced energy clustering algorithm of WSN which cluster

region were adjusted adaptively
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Abstract: Based on the analysis of the LEACH protocol, this paper proposed an adaptive adjustment of cluster region WSN
balanced energy clustering algorithm to the problems of LEACH protocol , caused uneven distribution of the cluster head of the
local area network, cluster sizes and the energy consumption of the entire network were not balanced, and then shortened the
network’ s life. In the stage election of cluster, it considered the residual energy of head nodes and the distance between the
pre-selected cluster-head and neighbor cluster-head as the criterion parameters. In the stage of joining-cluster, it considered
the distance between the pre-join cluster-head and the base station, compared multiple data flows,and chose the optimal path
of energy-saving. The simulation results show that the algorithm can balance the network’ s energy effectively, and prolong the

network lifetime significantly.

Key words: cluster region; adaptive adjustment; WSN; balanced energy; clustering algorithm

0 3l

il

TeLR AL RAL 45T (wireless sensor network , WSN) J2: 1 f&
SR UG I AL —F B AR B L 2, O H 2 R
I SRAE AL BG4 T 7 DX N BRI S I M A5 B o

IR T RGBT R MR ARG, A B B
AR, B AR A PR, HOASE T S, R T RE IR AR FE
F SR RE AR, W5 51 S W 48 A0 F A 4 1 AR Ak, 530 4%
G, e AR A 2 L R RESE PRI, Y 1R AR Y R
RE &L, XM I 25 5 A REHE , RESAEAS I 28 A A iy R, ol 18
LAB IR P 28 T — A R RO o FE TR AL R, 35 51
2 FCHR 53 RE BT FETE JCZR A (S, T 40 2 B Hh DI SR A AL
T LT FREFEN — Fh BT B, I, WP T4 A% I R 2%
SI R HI S B A X

Heinzelman 25 A2 fi 45 H— Fi IRDI FE 1 366 107 46 7 43 )2
KPS (low energy adaptive clustering hierarchy, LEACH) , H 3%t
AR SRR - ABBHLAY 7 2B 53 3K , B A 0 45 14 B i 171 20
53 Bl B AR IR a5, AT 38 B BRI BB B TH AR B2 3
AAFI I B

I EEI: 2012-03-16; &EIHH]: 2012-04-30

I, BUA 19 70 3t PR ICR Z A5 48 1T LEACH RSt i &,
R SCRRE3 T3 5 LA A0 5% BT T BR AN 5 Bl /N 1) 7 0 sl
DR KA MR /I [ Bt A Bl R 5303 s STk [ 4 1 92 LEACH-
ECHC 583 , B2 il i de /> B (R A B 4 AN — FE A7 K 1 253
il 5 SCHR[ S ] 44 th LEACH-M, 5% i1 22 Bk ) T 5 A% i 0 5 Sk
[6 ] 3 H B RIS Sk AOMEAE: , S s J2 15 T BEAE AR A ™ A4 By B
7Sk | A T 5 A Bl B Sk A A P 2B R O AT L5 SRR
[7 ]9 —Fh LEACH-RA £k 50k  MRAE T b 7% 19~ 42 A
T8 N BEAE AR o

{HJZ  LEACH PrisUBsRAF AR — 26 L Z AR it , A
SCHEAR I3 Bt LEACH BRSCH)AS R 2Z 4, JF 3 ot 3k, 1%
FERFE Sk 25 [ BRI B B R4 7 80

1 LEACH il 448

LEACH PSRy SEAR REAR U DU W 20 1 7 S REATL B 25 7%
315 5 (cluster head , CH) R B AL AR M 28 00 Z 405, &
DRI — A8 K 19 5 A Z A7 3K 35 i (cluster member,
CM), L & (round) " B L&A SRR Y FEAL T ] o 48 0
7 A4 S ST RV AR i A A P B B R L BB 9 7 X

BEEWMB: ;7 &4 4325185 B (2010B090400211)

EE® AT : Tt (1987-) , 5, R FARA, ML AL, RA T 61 A K &A% & % W % (heyuanhuangjiayi @ foxmail. com) ; #2 R A& (1965-) ,
BEASNA B GG, EEAA T AAREERBERL HEREEBERA MEENE RRER MELE BAES.



% 11 37

FoamSt, AR E R A E R WSN aeL3 Mok ok

- 4277 -

55 AEu (BS) #EA T84, WPl 1 B 7n o LEACH #1454
TERRE RS i B S B AR AR Sk 2R AR IR AR 550 |
Fef ek R S/ NRIE T (n) | BEASE RS 9 R 2
=0 ~ L MBEHLE T(n) ZEATECES, T(n) BT AN
P

I VneG
T(n) =] 1=Px(rxmod(—-))
0 VnegG

Hon T SRS, PRSI 5 s 0 5 B e, r 2 2
HIAEREL, mod ARELEEAT, G Rl 25 1/P A Bk A
R MES

TR AR BELEBUN T T (n) I, WSZTT R Rl e Ay
KRR AR5 T8 e MRS N G, R DL G
7 2 B AR S S R TS M A C B L RSk
T R UCR i 15 5 5 B (B (RSST) SRk I J& R~ , IF
) Sk BRI INAE B Sk B R G s A A &
HIES 2%, AT e — > TDMA B [a] 38, 2R 48 r
HENTT

2 LEACH WLk =53 47

2.1 LEACH Wik &9 #r
LEACH BipisC i F B HLE 28 75 3k i 5 =X, ko T 4 3k 19 A

REFEI R, AR — e ) ~F- T 2 ey D R R AR IR 2R, R g

FE—E TR 1 PR A I 45 R R 17 3R, R B Al ok

R B A R T A P2 P A i JE 40

2.2 LEACH #5347

8 Sk 2 ) R 3 -

a) LEACH S35 3k 1 SE B A7 A6 B AR B ALY , 75 55
PUFR Sk oA AN, B R 3k I 3 3 AR — , RN FR T
RUECE AN AY T ELZR G B K B R R MR/ N FE R 1Y
MG, FHEERE XM AEAY SRS RZ M AR WL,

b) LEACH B384 45 & 25 18 S F R e i (A R L
SO R A AR S BT AR R RN R T R Sk
GV RILY A i ST S L W N T T f

X PRI G ™ B 5 3 2% REAEAS Y87 , S 285 ey I 45 119 A
FEmFTa]

WY IR 8, LEACH B33k Al e Sk 1o o5 Rl 2 i 3 %
3Lty RSSI DR B HERR Sk , o B BN , (FR 18 AT % i 21 15
ARG Sk R 22 [A] 0 BE 85, 45 5 AR S AR 0 . Tn & 2
SR, AR RSST 4 4 W I A (g WA~ 12, T 5 . CMI
PGB AREL y CHI (95 , SR 1T B0 U i) i 1o 4% 2
L5 BS, fRAAE  AHELF AR 1, BR AR 2 MBI 3 m T
AR S, N3 T 8 e Z i she, — e B LR
B TR RER

3-8s

o-CH
(E §-BSe-CHeCM o—CM

E2 Bkt

E1 LEACHHMUIRINGEHIE

B it i R

I RN LEACH BRSCRY 438 , el 58 v 2 2 51 X AR Y
ST W B P Sk 1R 28 FOAR BT I P AR AE B (RS A TG, B
HITET B33 I R RS X, i £ 23 57 0 A B 45

TEIEZE BRI BL , 73 R S W I Ak 2% 55 PN 7 Sk 1B 28 N
P =R A G, B SRR, sk
IR R LA PR A A A O B — 0, B3 — A e 24 7R
ks RS TR 2E LR A 75 SR BE N 22 .47 50 A0 80 % A8 15 N 48 S 7 Sk
P BE B, 77 A T S AR R AE QISR Sk 1 B M A28 A Sk O
PR o

TEER B , AU AR 558 B2 (8 RSSTAE Sy in A MR
TR AIHESH, W2 RSSI 5 55 2 B0 I S AR AH 25 5 Rk 5
MJE B

Ko T SRR S 5 B, 1 S X SR A AN T AR -

a) &I 17 SR BT A6 RE AR R] 5

b) W5 S TCL R R A A AT BRI AR E 15 P
R ST T 22 [R] B AH LT B DG R 5

o) BB T S BEDLAR & A B EE , R B ME— R M4
RS

d) 5 B AT TR A AL

FIEXTERY, BT A R IE T S B IR R i
TN B RIEBN 8 A HFERER .
31 EiEgEaSWm

TCRAB IR L7 mU R R BB A By 1 biv (% i T4 46
WRER By (1, d) SEEHER d fATET AR
IXE,, +lxe,, xd*  d>d,

By, (kod) :{ o
<day

IXE 0 +1xesxd

T AN bit BRI RERE N

Ep (1) =IxE,,

ot B, Sl B BERE s d I A R RE S s, 1 £, RHOK
anAE AL H0) R 8, HAEARE d 1€ 4 d > dy RIIZ AR
(d*) TR A h s i (d?) o
3.2 FELEEME

a) R W IR LI 246 . 7 I 48 1 U 1 FH B 28 1 Sk B, RIS
— 2k R LEACH S5 BEHLIE R o

b) FE N Sk B 2. O R Sk R T IR T (E
T(n) I, B 75 ST AR BE B (B FIAH AR A Sk M TR BE 2 534, OF AR
PEAN—RE YT ST R RIS [F] 09 SE S 158 SO, WGtk i
N

P
A( ] ) +
1-Px(rxmod(—))
P En(uurn:m) > Emiu 5 VneG
T(n) =
(1 )l) (dn _dl )En(currem)
dy —d," E,
0 B cument) <Epin, Y2 G

Forp:0 > A > 1 NS HOBCER, AR 405 5 B O P P58 26 # — RE 1)
WESHG A, IEN LT A n ) BS WEE R 5 d, \d, 73 B A
FERAEPIE S F BS RS, d) <dy5 B, (ueny BT 0 2 HITHY
RIRBER L E, ) AT 8L n B ERCPRZS RE R FSHUE X
55 LEACH B354

E, o H—5e PR Bty S AR I RE (A, T 00 £R 7 L
kB RETE N —FAL S5



- 4278 -

it E R AR

529 %

Epin = NE(Ep, (1,d) +Eg, (1))
Hor o N v B S KR B R B A 5 K

E surrent > N RL VAR Sope
1 AR R | D2 24 7

n(init)
ORI , T L2l S 8 A R 5 A1 SR LA Sk R
Z S HE, WA R
du(rmz) -d; <dn(m|1) -d;
dy =dy(eny A2 = dygent)
d,-d b S S Aefe 2 :
e T 1, AT Sk T AR R,
2 n

(7 i 12 2 W Sk o A e 20, i ik e 7 5K 3 oz ) o SRR X
s, AnTE 3 (a) TR DG R PR AR Sk 9 a5 CMIL S T % Sk
AT RETER T CM2, JAIET 3 (b) 0T LA 45 CML R 7% 3k 41
BAER , 15 CM2 SRk I AT LL , B84 I 268 9 7 23 A 5
Y957, IR RE 1 3 I SR A X3, DT AT L3 4 i B A R
TR/ INAR B A ) B e DR

BS by BS T
o-CH o-CH A
o CM i o CM Pl
Guasys)) \d, FaR
\ SN
o CM2// pris5CH2 o CM2 75 41y CH2
] 5/.2 i 1/ ) }3/.
e /“{“l‘. o\; "\\. ,‘{f. o‘;
i o A o / N ® 5 /
'\‘: o/.d""‘gy\: '{ 4 o : YA I,\\. ‘_/’
o / / T » 770N T
CMle—~e g/ o ¢ Mig—e® g/ * °
«* ! ° N et I L4
* o0 ‘dz o ° L) ,’ o °
] ! = !
o ® ‘,’ N ° ’/ 4 °
CH1¢2%1 CH1¢*%
1 ® o, 0/,: ihe o,
® o oo

(a) (b)
B3 RAEXIHEN A%
o) R PFE K B2 . YRS FEREFEAS PR, - 24 70 A% A e 2
IR, A5 5 P B R REFE AN 1, 275 P9 17 R A R (/N T
T RBI AR RE BB 13% I, B
N
:#<E"“““> x13%
TSR B4 P R 2 52 3K, TE B AN 45 RS FEL N BT AR R, LG I
( P 1 ) bn:((,unen)
T(n) = 1—P><(r><m0d(?))

=

E,(umenty > Enin» VG
n(init)
0 E,umenty <Enmin, Vg G

- 2HOE SOSN8 5 SORITA o
3.3 HiFRMrER Rt

PSR SE UG, 7 3K 1) A2 ) 1 11 2O 3k i L
Horpok — 8 B 5 A ME— RS %5 Sk 19 ID R GHE 5 R
S8 BEAE (RSSD) {5 BL, ARFR Sk 45 R A e e B 49 RSSI L, i i
FI Sl B Sk R BB RS W) B = AR A B iRl
(T Sk A N BB AR Sk , R) I 25 R > FE R S 5 BS I
e PR R A REAE IR/ TR 1]

Gk 4 B, CM1 ARG RSST i £ = A fi it 1) #1672 Sk
CHI ,CH2 \CH3; SR 55 & A AR 9 40 1 bit Bodla 00 B AE
FeXh

W, =Eown e (Ldew —cmn) + Ecnn re (D) + Ecpy e (L dep, )
Heprin=1{1,2,3| sy -(‘.n,j‘:’ CM1 iu%ﬁfﬁ%%&ﬁ%;dcm—ns

e R L E BS BOFRES .
devin —cmn <demt —cmr <demi - cns
SRIG LR W, Wy Wy, e £ i /N IIAE min{ W, (W, (W, |
PEAR . HORIE L RSSI AT LATHEE Y, (HIR 5 B R AT PR AR DO AR Y
HEA AT AP E CML B AR — 5k

K4 B/MEEFERER L
BRSE TR Sk I, A3 Sk 19 A 160 75 Sk 2 H I AT
KB E AR RSk ID RIS A D, AR Sk R RO AL AR, T
S EEIRITA S, 7 00 ek DR 3 B 1T A 1 FE RE B AR U/
78Sk e T R o

4 HEEZRS5HH

AR MATLAB P 55004705 1, FUE LEACH i
AP 225 SCHRL 7 142 9 LEACH-RA % ¢t B SORIAS SCRlc it
FRIOPERE . RN AE R/ 150 m x 150 m ) [ 265 1
DRIk b, ety (3 F A4 O (75,200) B2 B, oAb SR 4% 1
B

#1 HESH

SRR ELG]

Rt ) ) 1.5

B R (N) /A 100

LS RERE (E o) /n)/bit 20
WEME(A) 0.65

F 2 IO (e ) /p)/ (bit - m =2) 3
L PR TR AL (&,,) /D) (bit + m=2) 0.03
FEWTECHE KB (1) /bit 3200

A E H Bl % 5

4.1 BFEMEESR

ST BRI, B 5 TR o =R R e T
UYL NG 1 g 0 S8, A8 W DX PN B BL ) A 100
AT PR EE 5 5% , BDRESK RS A, MBS HRET
VIE L, W45 0 LEACH Bl i% 3k fh 3R 5 AN 5, T E il
B NN ST =LA i < R R 7 T 5o o I N e N g i
SR B AT BT SUR

& 6 S 11 BRI AT HE B A 2 B, S et P 45 4 s R
TR . FTLAE ), LEACH 5 LEACH-RA 3.3 ¥ 45 4
WK, N REIE BB e PR AS o X2t TR AR e 28 Sk #0
AP ZS 3RSk BEAL A0 R 38, 5350 00 45 00 BN 4 5 A R
BCHE SR AN BT R SR S DX, (A5 S BB A S i 3 57, AT
P53 T BRI A, G i % 1 48 B ph B 12 R 5 68 Do) 4% £ 3
TN | LA P 1B 3 30 0 B A FE AU RS o



% 11 FhmF AR R R A E A WON RRA M o s ok - 4279 -
150 150
1200 "% 120 5 ZRiE
90} ~_ 41! 90} *
= ol o ol A A SCHE LEACH ByE Bl BRI T — MR B X B B &
30l = 30l L5345 1) WSN REFEXSIM 73 305, 32 AR A Sk e 26 [ BRI AR,

o / o
[Pl - 4 ™

0—35 60 %0 120 150 © 30 60 90 120 150
()LEACH (b)LEACH-RA =
150

120} ©
90+
60+

=

30|
30 60 90 120 150
(c)NEW x

Bls TR aiE

RN,

0

4.2 TREFHE

G342 T T R A A7 I ). B 1Bl 7 AT A3 LEACH A
LEACH-RA #55:/3 BITE 45 240 s #1300 s I TF 44 H B35 598
T2,1fi LEACH-NEW J&7E 350 s Bf A FF i Ly si st 1o, 5§
LEACH %531 LEACH-RA &yEHH H /SR T 46% F1 17%
X ULEH LEACH-NEW 5 80E < T 49 i 1A A7 I (], S B AE R A

AT ] FEL, 75 REFESE A
100

oo
S o

SR -
e L2

WL BRI /%

- LEACH-RA

150 300 450 600

150 300 450 600 750 900
B} [El/s B} [B]/s
6 W40 BRI LR 7 W4T

MIEL T Ha] DU BIA SCEE i NEW i 2R 76 i 30 HL#50F- 2%,
TTE5 RERBOR , W5 B R R R PR, B i 35 13
REFESSMT . IAIE 7 ik ol LL13 5] LEACH #1 LEACH-RA 533%
I3 ITES 675 s F1 780 s I Ay s SE T, A SCH- 2 7E 835
s I A i Y 9T S T, AT S8 1 I 2% 1) A A7 ]
4.3 MEBEEN

S3 AT 4 SLRERE , IS B AIL 43 A 100 A5 8, B> 19 5
fREE Dy 1.5 J, MM 45 SREE A 150 J. B Al 8 AT LA i
LEACH F1 LEACH-RA 433%I7E 675 s F1 780 s #EJ3 N 4% 4= e
i, A SCBRETE 835 s FERMIZRERE . K8 ik n] LIFH],
AR M T INT-22 , 3% 2 i T REFE S X A, 35 R STk
F o PRI T LA S Bl L TR G o A P 2% R R 33 B8 3, g

AR5 b FE K T 4 1) A A R
150

(=)

4 2 B
2 g B

w
(=)

0

Fif 6] /s
El8 MY RERES T

FEMTBEAE T oktE  7EFE Sk BEXS IS Y 05 6 4% BE = (B 4B i
SLAIFBE S 5 A A, H R0 R 05 7 Sk 78 X I N 350 40 A
S, FL 3 R TS DX I 5 B B B, A R S A R AR
I, AN EFE RN Y RSST A, [A] I 2% IS B A 2k 1] BS [H]
B S , 1R B RE S VA RE S/ NI B A B A
7 B A5 R R, X L LEACH 3% Al LEACH-RA &

2%, B RL BRI R R RS X, FEINY 5100 A AR T AR

KIEFR /NG , (R RE 6% 15 B RRFEXI 5 1 B H W .

SE Ak

[1] k&, 2Tk, KA AT A RAC L5 7 % 5% 5k o9 WSN 35 ) B
ST]. A% B3 K3 4R,2011,24(3) :447-451.

[2] HEINZELMAN W R, CHANDRAKASAN A, BALAKKISHNAN H.
Energy efficient communication protocol for wireless microsensor net-
works[ C]//Proc of the 33rd Annual Hawaii International Conference
on System Sciences. Washington DC:IEEE Computer Society,2000.

[3] 3%, K&, RBA. — A& T LEACH thit g Bt 5k & F
4% ,2011,39(6) :1405-1409.

[4] Bt k% TR AT LEACH i ed ki acat k[ )],
#+ AA A2 ,2011,37(7) :112-115.

[5] Z2,%mi)e, 5%+ & F LEACH i 84 4 % % 3k ( LEACH-M)
Hk[1]. EAL T AR5 #4T,2007,28(17) :4157-4160.

[6] A, itk F 44, %. KT LEACH bRl ey 8y 2 5% Kk 5 %
Fk[)]. T4z, 2011,387(7) :103-105.

[7] #ARB4, 3502 BE 449 LEACH 42 B iE sk kBt k[ 1],
BRI AR SR ,2011,24(1) :79-82.

[8] BUYANJARGAL O,KWON Y. An energy efficient clustering algo-
rithm for event-driven wireless sensor networks|[ C ]//Proc of the 5th
IEEE International Joint Conference on INC,IMS and IDC. Washing-
ton DC:IEEE Computer Society,2009 :1758-1763.

[9] RE, A&, &M ,5. AT LEACH #= PEGASIS #9 3% % s 4k T
SR AT [J]. A BHR S 4R,2010,23(8) : 1173-1178.

[10] k3%, 5ok, Hue E. RT3 560 L&A E W% LEACH 4
W[ 1], HEM TR LE &, 2011,32(2) :427-433.

[11] HEINZELMAN W B, CHANDRAKASAN A P, BALAKRISHAN H.

[

An application specific protocol architecture for wireless microsensor
networks [ J]. IEEE Trans on Wireless Communications,2002,1
(4) :660-670.

[12] Zk, A3 AR E W% LEACH 3% b ¥l ey AF 70 5 it
[J].#Em A5 5 A ,2012,48(2) :80-82.

[13] YOUNIS O,FAHMY S. HEED:a hybrid, energy-efficient, distributed
clustering approach for Ad-hoc sensor networks[ J]. IEEE Trans on
Mobile Computing,2004,3(4) :660-669.

[14] ZAAE 2R ATFHFRNAKERERNLEAN DS %Y
Fik[)]. HFEmERAFR,2009,26(5) :1865-1867.

[15] BOUABDALLAH F,BOUABDALLAH N,BOUTABA R. On balancing

[

energy consumption in wireless sensor networks [ J]. IEEE Trans on

Vehicular Technology,2009,58(6) :2909-2924.



