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Improvement of LEACH in Wireless Sensor Networks

WU Chun-tao, HU Yan-jun
(Ministry of Education Key Laboratory of Intelligent Computing & Signal
Processing, Anhui University, Hefei 230039, China)

Abstract; Wireless sensor networks is one of the tools that scout and control the long - distance environment systerm. Due to the limita-
tion of power and memory size, the router protocol of wireless sensor networks must maintain small router information and reduce the
power usage as much as possible. The improvement of LEACH is based on power. Mended cluster head selection of the classic LEACH al-
gorithm, and the node remaining energy is considered to selection of cluster head. Both of the algorithms were emulated. It is proved that

network life time and energy consuming of node are improved greatly from mending algorithm results.

Key words: wireless sensor networks; dual — layer router algorithm; LEACH; lifetime

0 31 &

B ERAS R ML EFEOARNESR
RBP4 (WSN) B — T H 2851 B AN R B K
PR, ELMEEIFMENFENA R BAR . AENE
VAR EES R BT FEMLERARE
I RRER ARG R MR B AR RN . (S RRER Y AR
FRERAER . AU ELRAHEE, XHER WSN K h
PR BLL AT 24 RE TR o B B AR, B K R B i ZE 3R
SBEHE] . MRIBEEA K PR S5 R L RS W4 BO B e
BRSCRT LA 43 B2 T 3 el B U 4 R 3 el MR R .
Fra#HEREERRANEEE, SEREH
A, B AE S RS PR, 228
HBEEATIE— @R LR E, (1]t
BT HATIREIAY S AR B h Bk 00 SORLE R L,
FLEACHERBHEMMAEF AN ER R,

i B A 2008 - 06 - 24

BEME : MR AR EESTH (60772123)

BB RN FH1985-), B, H B4, BFFE T 1 b B4R 15 1R
ARRRAE M HOE , B2, BFR O I G o

LEACH B—fETFHEAI I, 3HE RSN ERE T
AHEAEES, HELREREY SBERINGESRE
HITHE ANEFE—PTELRAT HILRY SRR
MANBIERE, NTTBD T SRR REENRE
BB WHREYR. XE[2]HERT LEACHEREKE
BHIEEFRARR MM, HE LEACHEEHE
AZRABI VT RAMBERS, EHELEENHERF
TERAKRIBEILEE, FTRE S BUE B IL RV S Bm i 5 %
BUATERELZHNERSITERG, UETHRRE
T, W EMERERMENEFNE. SRIBIEWR
LEACHZR ER B T AR E R JE 5] A CSMA/CD
PR B BREONER, ERERHERS. XK
[4]%f LEACH B3 580k, ¥ S AR Y% B F1E 04
FRERT S E KR R BRE S, XRR(S, 617
Fm R RER RS I 20 LEACH 83 # 1T
MtE, PR L M LEACH B AR F, a8
o348 ) T X LEACH fh ik, 1849 & A9 B R ik
BB SE L AR, 7EE e g m
LA HTER WA T B IC B SN A 15 R 58
T AR RE R IRE, K MR A9 A E R IR



ERR

REES, LG S M LEACH Bl < 81 ¢

1 SEHEEN

LEACH(Low — Energy Adaptive Clustering Hierar-
chy) 71 R—Fh L B/ ME A5 B85 P 4% AR B BFE O B AR AY
SRR B EEA VLR L S M
S eb RO RUE 54 , 1 A5 B AR P 28 Y U RE BT LR 4,
R MR EREY . LEACH Hrllsr A BB i
HRBRABIR G B ERNBMBEERT B —
BHR—MEE, KT B EERNESMERE, 5%
REMHBREREK FREBY B, EEERNE, 81
GRS B B 0~ 1 ZIRI RS, QR A AT B
PUBUMFBIE, BAXA T AP AE L, REK

KR (D BE
_|p/(0=px(rmod(1-9))) n€G
T =17 Y

Heb p BMBHELEMAVSBLE, r BEATH
TR, G BRIEX —REH PR YT LAY
WEER., ENVEPEIELE, RS RE EE
B HA SRBEBINT HBEENFESRPEE
TRABYRE , FF Mk BB MA KA ER, Bk BE
KREWTSMABCHBHRIFAIEBIITARE—T
TDMA BHE R, R ZRREAFTERAT S, kG
RORRTRE B, 19 sk R A () Rt AT B 15, BRI —
E B} ] e 48 B A A\ SETE L BR T SR — Fe Y AR

SRR FOTE R B A H, LEACH B35
FEA IR 30% B9 P4 A FEAT Rl . {HR, BB F LEACH
Bk E R AR KAFEE, TRES B I
A3 Sk AR BE ot 30 5P 0 X SR A 49 AR B A Sk KR 0 1R
B, KA INT W SRR, S FhRILTA WAL
B ARG RIE ML, BILR Y AMENELER
THFERH, R RE T SO E K R 45 A= 77 AT 8]

LEACH - C1®15 LEACH - FI#8 2 48 v 3 A 8 3k

RS, ML AEHEL, LEACH- CE XL
FHRARESRE T ST GPS REEHIL BT H
WP E ARG E O A B B 1 AT Ak BERBUIR
HRICEVWECEY ST E N YR, MoK
FFHRER AW S ARRER I EE AL, LR A
SRHUR KRR T L BRI R L ES RE
R B AW HIT I #. LEACH - F B 3%
FIEINS LEACH- C B — 8, H—BERELUE,
FERY MR A REMCE, 0 LEACH - F KEESH 25 He bb
BT S AU RO RS Bl , IR IE B T B I 4K BE
Jii

2 LEACH &k
LEACH B3k i Xt -F ok Mtk it 7 3k 0997 A5 RARER

T(n) 2k, BE Yool 35T LBy 38 I, R R
MRS A RME T () BEZ 3G 0, 35 8RN AR Sk i 7T
AEMEIE K, G —feh R M R R A, HRH
TN ERYES, T(n) = 1 RAXIHTE—FY
o it BTG EAE ST , FLLEEBIC R S RE Ay i
skAE B HRERR, AT RET B IE T, R P AR O 25
VU5 BRI R A A ] o O T B S Y B YT A I Y 15 R B
ATk 28 B, LAE W BER W
SERIRE, VB P& RO BE B 1Y #8, TEBF ST LEACH
BRMER L, IBREMRNENRREHERSIED
LEACH B8 k126 2, 3 HOE M B Lk %

G,
E = kE k€ (0,1) (2)
G n = KN
F = . < KN (3)

E ARV ENFHRRER,E HENERS
TEAFBIRER, FATRERHEE, g M L%
ROTEER (MLAL RIERE A ML), N HBARE AT R
¥, n AESE PR G MR Sk B R B, & BRI
SEFLHRERMREEL € (0,1), K IPEEFABTE
EH K€ (0,1),% K = 1/N B (ERZETSFE
BEE X R LR A AR , SO R B ERA T
BEfs% 8 LEACHE ¥,

ZMILEACHE ¥, G WL BIMEE Xk k1
SRE TR/, A T FHRAMEPRER, A
R B W AR R M ik, i FEAMEEL
ICRW AR RERNHRERR, SR EILE
WREMBLHERBRRRKEESL BT, B H%
MIRER T R % B /5 A9 LEACH B ik, TR 5F %
BHEEP, RERERQ) WY EAE Y g hEL
BIPLE: W/ T R4 o BE B ER A T R b Sk 9 T
R, s/ T R v A Sk 26 BB , E AR FEPE S
ICIR W A BT AY &880 5 AR Sk B 4>, AT
BN T BT AR S R BB B R [ 8 R T Rl
P £ b U B9 8, FEE M RHRYT K G 19E R, 1%
T BE R BRI S B RSk MR T —
EHEELER T ARENRENEE, BB TED
R 4B B9 A

R LEACH Bk EFETE B L, 48 15
R AR O AR R R R Y S ORI
Mo

RETE BB B v, 7 A Bl LS/ N 1 B A 4 a8 AT
TEWR R K = LE BB A BRI AR S, ROWRE LG T
WHIHB  MMBK FREASERWEE E = kE R
VAR Y R SR IE 2 LEACH B



- 82 - HEHR S &R 19 %
PERRE I ABORE S , 3 K0 I T BT AR o TE A ke {30 1 KR
RGRUE DR AR PRk A T T T T e T e
n B RGO RARE B THRRNEE, ) e,
I BHATHEROFR % 0 > KN, HEEMF %) \
IR, TR EERBEML, FUAE
B g Pk, T it
RRARO] R R, BHR AR S
RS obic URRE MR RTUSHDRECKMIEN 2
SR BRI M T B KB T ARBRT & oo N
AR AR, Tuﬁwamenﬁwﬂz%ém& w0 " J
B, 2
_{b*(Ex+Efﬁss—wnP*d2) d < deos (4) % 200 400 600 800 o0 1200
7 ok (By + Forgomg % d*) d= den HE S R
(4) R Erx HRE bbit JUEMAELI LR, Ex 4 B2 AiEY S0k
B PETHFE VBB R, E (i amp~ E wo ray—smp ﬁ%ﬂﬁﬁﬂ’f*l_ RIS G B I A
BT RBANBRNER, - -
3 RS

7E 200 * 200 £ B Y BEHLZ 5L 200 & R8s
& B RN A, B AR AR
0.5 & FEHEMBEF WS p = 0.051,%2 = 0.8,
= 0.2, %2 LEACH B M58 LEACHE
?z&ﬁﬁ{ﬁﬁ BRMERWE 2 ME 3 FR(ES
LEACH £7/R £ 8t LEACH B ¥ ,NEW /R i )5 1Y
LEACH B#).
2B RT /e LEACHBEEKAER =
680( R TR M4 thig sk e 2 Y48 B0 WRHEIFIAA
FEIET, B MA LEACHE B KAZE R = 290 BHRFF
WA ARIET, Fr A #E K LEACH B 3% TR
LEACH B ¥ ¥ Ui, it /5 B LEACH Bk E R M 4%
EfatE ERARB T EUL, RABELERT

FERRGER (D

0 e o0 %00 o 100

B3 FHMAfEEe
P4 9 A 7R . B 3 R T BiGS 9 LEACH B3K7E Rl
B BRI T U, KA R = 600 B R, Bt
J& BB R TERE RIS HE L HE LEACH B8 £,

Fih
7 4 BRI
P B o B S 1Y SR E G LEACH B
i BEAT T BRGE AN B, S ZESL R b wt
LEACH B B:#H17T T ikt , £ K AY
@ Bl FIRRERY BN LEACH B W%
i KPR ME R 2 — , 3 LIS % ot
Bk 0 A ek 98 - y By R T Rk EE A E, B K
8 Foroarums| [raraess] BRBGEEWEBARARE LR
2 G e BT WU LA HE T 2
giﬁé&#ﬁﬁ Ry AEFERE] , 35 HLR W48 R R RE B T
v HAREFMRE, BRBGEENE

B1

HBRET ELEYRBBGRER

BEAE LR 5 ) 4% PR BE B9 ] B 2 45 P 4%



H3H RS T R R4 LEACH B RIMGH - 83 -

WMTERES LR REHEWRE, &% H )G #—F [6] Chang R $,Kuo CJ. An energy efficient routing mechanism

Hgﬁé ANEFBE - . : : ‘ for wircless sensor networks[ C] //Proccedings‘of the 20th In-

o ' ternational Conference 'on Advanced Information Networking
and Applications. Washington, DC, USA: IEEE Computer So-
ciety,2006:308 - 312.

[7] FFIR,ZEP.5F A CREBRBZRMBEIM] L HE
KEEWRAE,2005:95 - 96.

[8] Heinzelam W. Application ~ Specific protocol architectures for

B H WK

(1] % ¥,k ShaRoE. R4 28 P48 2 R BR R B L
[J]. 8424 ,2006,17(7) : 1588 - 1600.

2] & H.HBEK.BIE TREBENEETEN LE
ACH B B IEBTFT1) ). PHAPUI A 5 8k, 2006,23(11):
137-138.

(3] Z=FH. ¥ W ETILREBRMBEMEH LEACHEENK

- )] RS SRR, 2006,23(8) : 153 - 155.

4] & B, $£40F. EREZSMER LEACH BH %GR
()] B AR ¥R ,2006,19(1):34 - 36.

[5] Kim] M,Joo HK,Hong S S . An efficient clustering scheme
through estimate in centralized hierarchical routing protocol
[C1//International Conference on Hybrid Information Tech-
nology. Washington, DC, USA: IEEE Computer Society,
2006:145 ~ 152.

wireless networks [ D]. Boston: Massachusetts Institute of
Technology,2000.

{91 Heinzelman W R, Chandrakasan A, Balakrishnan H. An Appli-
cation — Specific Protocol Architecture for Wireless Microsen-
sor Networks[J]. IEEE Transactions on Wireless Communica-
tions, 2002,1(4) :660 ~ 670. o

[10] Heinzelman W R,Chandrakasan A, Balakrishnan H. Energy -

Efficient Communication- Protocol for Wireless Microsensor

Networks[ C]//In: the proceedings of the Hawaii International

Conference on System Sciences. Maui, Hawaii:[s. n. ],2000.

-

L S S St S A S S L e S A o S S st S e
(&% 76 ®)
B E R 5L B 2 fa] 3 BE A K Y 1) A B KRR, 2005.
[4] Touati H]}, Savoj H, Lin B, et al. Implicit state enumeration
SETH: of finite state machines using BDDs[ C]//Proceedings of In-
(1] Gupta A. Formal Hardware Verification Methods: A Survey ternational Conference on Computer — Aided Design. Santa
[}]. Formal Methods in System Design, 1992(1):151 - 238. Clara:[s.n. 1,1990:130 - 133.

[2] Semmane G A, Schmaltz J, Toma D, et al. TheoSim: combin- 5] Humg S Y,Cheng K T, Chen K C,et ol. Aquila: An Equiva-
lence Checking System for Large Sequential Designs{ }]. IEEE
Transactions on Computers,2000,49(5) :443 — 464.

ing symbolic simulation and theorem proving for hardware
verification] C}//In: Proc of the Integrated Circuits and Sys-

temns Design. [s. 1. ]+ [s. . 1,2004:60 - 65. (6] # #,E(BW,Z= . BARKHERXRIEFE).F
(3] WiHFBEEE,F 9,5 HFEERHEHLIM). & GElhHA# i ,2006,18(10) :2921 — 2928.
(L2 79 R) B SUHK -
REEREHRE. B 3AHTMERTIRIFFER [1] de Sa Marques ] P. B ARI— B8 ik R HIM]. £
FIREER KN B0 2 X 2.4 X 4,8 8,32 x 32 B, B & BCRE ALR R AR, 2002.
MRS 30 % B L F P48 B9k S tE, @t e AT L [2] Kuhlmann P, Garces 13, Eissfeller H. A dilution algorithm for
AR >9%8.

{3] Gazzaniga M S. Orgénization of the human brain[]]. Sci-
ence,1989(245) :947 - 952.

4 ZKRIF (4] SABE ATHEFAEE SR RAAIMI]. L3042
Rt T — A BE B 47 5 B R 2b Hopfield T it , 2002.

BEERE RN [5] Hopfield J J. Neural networks and physical systems with e-
RS RIF S THES TS i, H5E8% Hop- mergent collective computational abilities[ J]. Proceedings of

field P4 AR H B IR TE 2o T R 022 5T R H) 26 the National Academy of Science,1982(79):2554 ~ 2558.

£ % . EEETRHES @i% TET Lk [;;%w. ST A N’ 6] l’lIeb‘b. I? [&)J ':hc Orjan:{za\t;;rll of lb:im;wior; a neuropsychological
28 T 7 A (EL, TR 000 19 5 T8 7 4 14 48 R R 4 0 g A L

- ; (7] #HIEAR. Matlab 6. x BHEEIM]. JWE . EEKFEHBIR
?Aﬁﬂ@*?ﬁ&‘TE%’%‘ﬁo #,2002.



