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Abstract: Reducing node energy consumption to extend network lifetime is a vital requirement in wireless sensor network. In this paper,
an improved GAF algorithm with hexagon — based virtual infrastructure is proposed. The goal of this algorithm is to lenéthem the side of
the grid, to enlarge the area of grid and to use the nodes in the overlap aress as transfer nodes among the cluster heads. This algorithm is
analyzed and validated for performance through computation and simulation, the result of which suggests it can reduce the average power

consumption and lengthen the network lifetime efficiently.

Key words; wireless sensor network; GAF algorithm; hexagon — based virtual infrastructure; network lifetime

0 5] &

TC L% AL B35 M 48 (Wireless Sensor Network, WSN)

RHAZEABEFMITHENNOERSITA, UL
BE AHAEFRE RO RE. O TFERBEBER
A, EI I R A A E M AR R, R REE R M
BREGH RN TEBRBEMERROELEEZ
—H1 " GAF(geographic adaptive fidelity) %2 B Ya
Xu %A SR R A LA s 3381 BN RIE M A
GAF BRI R 4 3 T B HLE 7B ST,
B SHRBABRER A RITHE; ES BT

YR E #3:2008 - 04 - 13

LT R MK ARBFERS T ORI H (90604003) ; HEK A4
B4 (60603067) ; i 1145 BOFF T BT H (20070652)
EER T X EE(1985-), &, LR HEMA, BIEBRAE, K I B
KL AL KRR R4 ; S0 . 52 B, 1 AR U, BT AL 0 0 R4 B
WA WG T2 MG B RSN,

B ERE R — ML R, RABL W ARIEE
5, SHRPH N ETRETER, B 1R, iR
BRI GAF BRI W AR RHFEFERM
A, R, Ria £ TR WA4BIE AT 5
RBURRENTBSEWHIARBABE RS

as

B2 %guHh

EFHBEMR

AR, R (EARE) BB EAWERELY &
R X3 R 4 T FHADTE, A 2 FiR.
WA S E R, RS HEERARLRR

A1



40 - BB AR %

B19%

BB M IR, AT it — 2 A P 4 sl

SRR LA BT A4 T A0 43 T R B, 4R e B
8 GAF Bk, B KBS S MmE oKk, R
BOTREE T S S0, R RS LRSS
BV RBRRERTBEME, KAMNHETHRER
B g PR S LR L M S Bk B . BERRGH
BT LA BB NP RRHAEHERT
PI2K 4 G, 36 T R LR B R AL R AS M 48 o

1 2 GAF Ei%
1.1 BEEH
BRERF G, TANBGELERER r, BX
BITHEINRFIR ay Tl a6, BBME S B RR AT
R S, M Seo EEIEH LM, o T RIEAHSR B TCHS
FRHEERM YRS ERER, HERELZANE
EE R d (BMAESREE LA T B 1 BT X LR MG ) [
BHR d < r, REXEK[2], RESHTLUBE o, =

I & y A 77 - Lo
Bol‘llﬂ,m@ﬁmﬁqﬂ,ﬁul@zﬁh‘,aé mlﬂﬁt

S, = 5a% = r?,S¢ = 7(3sin60" a2) = 21¥3r226~1.
402, 5XER[S] MEI — B NEXTUE L, RHA
BEAMERRRESE I TN 40% , \Ti 1L
EHEEWE MRS N SR,

FESCER(3] o B B T A B 450, 1R R R
2B TTAR N s AN BOR e, 15 4% A A 3 S B b,
FEH FTLL, ZE M IR S AT MER T, L
WK BTN, FRITHRESES R, M
DARE K W48 A il o SO S R 5 R S T B TR
HKH a6 KN ag + A, B A KE(A = a¢/x,
z > 1), 3 EE R, AR R R ITHRIE R
R 3 AEP, RS R HSRITTEZ B K
BERS R LLAG RS A Y i = (5 A
LS4, MW KR E BN S, WEBEN n . ER

SERSEHT, BT T SO S Dad

*ﬁ%ﬁiﬂ@ﬁﬁ%*@*,—%ﬁ*ﬁqu@ﬁ,ﬁ/l\ﬁﬁz—?'(ae
+ A)u,

AR TR (3] PRIGHE A W X, Rk
iy SR ) 48 3238 1) 2 B TTAR P B9 B/ Y S
ANEL AR B BN I T, R TE S R ERE
ORI T AR = 8 oy M
BAEMAN(B . Ty — ), JHHP AR F LB, 0L
€ K TR AR BT D I A KE, MELE

ALK (5 + 2 ) (. AT X0 R L

x

B E IR ITHOA R, B SO E R R 45 A A
o

B3 ¥wmAKkENHRETEYN
1.2 fEkikye
G GAF B HE L RV 4 89, 7 otk

" B FULL H RANDOM 16} 78 85 sk ph 26 B B 3%

BT HRORRERE, XM BEA N THEERS
AR REFE, E RS AR E ., [FBY, BT Est
RERESH  F—-RaR Y EAEEM, T RES
TURE P B E R LR U R Sk, B,
kR R WG IBR R MR EAMA
BB BRTEPORERREFRSENE .,

(1) T RFRER,

EEE-NTEARBRYBELOR, REERN
REAVARTAABAHBRER. XHPHC *
FRTANHRER, B TAREDIA m MR, &
5

j—;;—1<c,-<;’il,j=l,2,'",m/ 1)

(2) ¥ ABHAITHPORIBER,

WRAESCER (4] PRSI ER TS, ML
FHITEP O, B HAME L 2 B@EHRERE
BB/, ELR R A, 2L R
BT L BE B EGE , BUAE R RN AR B, LUK E
BERY BB P A 4, kR R SHER TR O
ERIER, d; < a¢o

R ERAASE G AR, TLHTE XL
BB E A | BAUE w;:

w; = wy C—Q + wsd; (2)

ot R RLRAG AR P 4 P 50719 R A R A
ENRIPIHRBERFRIN Cow, Tl w, 20 HXF R AP
TEBIARE, H w, + w, = LAARQ) TAESH:
TR | ERIRBER C MUK, WAL ¢ BIBRITAR LB BE
BBV, A BBUE w; BN, WA NIRRT R
TSN



1M X1

ERAE . AR TR RLEHNNUE O TR - 41 -

1.3 EEHR

HRAE AT SO e % 45 4 O it M AR SR T X El &
HEBRIE., —FE, BTN T RTELK, AHEE
KR REARREE Al RIBELLFENE
BERN RO EASREBNERNEDTHELRSR
BhfsHE. ZTU LRSS, EEBEALTEEXEN
WAEAEA AP Z A P H W A, KB Z A #Y
ZEIEH . CPX T ARNEWT

FE S BTG BT SN T UGS B 451 1 AH
FEITIEZ R EE X, FRIETRE RGN B P
TR

ERIMVERGE RS, W AREN B F B AN TR
BITH . M A | RIFRETH S HITHE B
M FXEHRTHRNERXBA N, HEE A WFTAR
TCHE g BBk %S TRANS(A, g, ID, C), M1+
g HEEAWTAERTHRES,ID APFENAHRIN
F.CAPENTENTRER ELABRFER ER
52EEBEBNRTHRS URMEXT RN S E%R
LAB UG B, EEPEY SMSERLERE
B

2 HWINEHMHERK

SRRSO R GAF B3k, Tk G838 M 45 $h+h
SEWMEERERT =R BERTTHE RIS, 5k
TEREFME TS, TRERSHNEHIATH
SR BT R IR T

$®1 ERIMEWERZRT, BREBRBERE
FEVRL, AV SRLTFRIRE, &R BE—
AHE—BIRIARF ID. ERRET , 1 AURE GPS 7S
KEBMNBRIFELR.

HE®2 RENVEANLEFEMERGEE, BN
4 XIRRI 4y R T IEN Y B TTHk, BT A K
BALTFRTHP O AR SMEETHRPHITER
WAEEHEERE, WEAELHE,CRACHENET
o FELHEY SR TEA 2T, W% SR
BAPETE, 8P AHELREHEBHR—2
TLRE AL S AE A

HE3 FWAREVEANFREEULSHT
BHORE R, A ARXQITERE. &1 SR
FEAUEHI KRR RE L 77 s M T BE 1, 2R 2 & - BoTHE
F; S

B4 BEPTHEBES, BLAHELE
HELLO( g, ID, Tyy,) 3, K g REITTHHS,ID
BFESK BIAR IR ; T = HELLO R XY $8 A
BY HEWRD HELLO R X /B, BE kK%

TRANS(A, g, ID, C), 1. 395k 8 k¥ k% C
BB ARAE TG, AFELZEERHN
R IRFE AT SSMY BT ST E R
MBEHRR AR EE , R 3k K% REG(g, 1D, C;) #&3C,
MR BRI T op MU T BVREER o ARAREE 9 L
T imeont { T tmeou 2 5 Trg) A 173k R % REG 4R 3C, U
IWHIZT BRI ‘

3 FE&ER |

A B ERITEBGER GAF BT
fE. EFESERP, BFERRIHEN GAFERS
Z R 55 GAF BIL7E M 454 il OE 1Y SRR
RS EAEEER, EEP,BRIX 1000 T ELE
FRESH S 5 #4347 7E 2000m X 2000m (m iy BE B 8
1) B 9 2 Wil X 38, ARHESCER[ 7], W S ZE = R VBRI
MEHPRAETRERNFES IR LW, 1.2W 1 1.6W,
LAy E A TRERR SR, BB IHFEN 0.025W, 1
HRERE 100 REBYFHE, BRTRFEANER
W2 il W X R B R

sk 2 180, ML E YRR
SRES AR TEANBRENAFERE. WE 4 57
N FEERBAEL, EAAEE TFRETALSETA
MR . WEIFTTARZI, A 700 BEH R
KRB BIE I, X R T EE BB EZE LN
EPFERENEL, REBITUBE, ETEHE
K GAF BB LB T E B4 E) GAF B M
FAEMEERIT 20% , T X 1) GAF B b
FHREWE GAF HILER 5% HMELEAH.

0.95 -

0.50
*

.

0.85 - .

* I
* . .: e

080 4 .-t - ST A

o S gt

M

0.75 4

# - square-based GAF

®  hexagon-based GAF

& improved GAF in this paper

Power consumption level (w)

T T T r T J
0 200 400 800 800 1000 1200
Simulation time «s+

B4 Msrasti
B S5 BRTZFELNN S TFHBREHELER,
FESLH P, R 100 2, 43 BT BX Lok X B 4 - 3
RERWFE. MWEH LB, B/ GAF BIEEF R
B RE B FE AR R LA D B R R
HRELETEF SN GAF BHEFERY 15%, T
b3 TR 45 A GAF BB R4 10% .



-4 - HAEFEAR SRR

£19%

4 HERIF

3T GAF Bk 32 B AR , R FTEE 545 118 1K)
Sy WS X, 3385 8 MK TR K BIAEBK
B R SR T BGE A GAF B, B HBEAER
W T A S T B R IR, K T RS,
MR KB ETEL R P A B s TEE R 4
A7 UK USRI I, ] Ik R WSS B AT
AR R XEESRE 8 T2, 308 75 R R TAE o ik
— BB

124

109 - ® . g
8- k ] rﬁ{!»\v .
P R A BT
3 os ¢ =2
g 021 .
> .
3 .. .« ®
S 06 .
3 N
3
5 *
5 044 - & square-based GAF ‘e ®
g ® - hexagon-based GAF .
(. @ - improved GAF in this paper .
00 T T T e T T 1
0 200 400 800 800 1000 1200

Simulation time (s?

S FHFHMLR

S EHk:
[1] Akyildiz 1 F, Su W, Sankarasubramaniam Y. A survey on
sensor networks[ J]. IEEE Communication Magazine, 2002,

40:102 -114.

[2] XuY, Heidemann J, Estrin D. Geography — informed energy
conservation for ad hoc routing{ C] / In: Proc of 7th Annual
Int’1 Conf on Mobile Computing and Networking. Rome, 1-
taly: ACM Press, 2001:70 - 84.

[3] Blough DM, Santi P. Investigating upper bounds on network
lifetime extension for cell — based energy conservation tech-
niques in stationary ad hoc network{C]// In: Proc of 8th An-
nual Int’ | Conf on Mobile Computing and Networking. At-
lanta, GA, USA: ACM Press, 2002:183 - 192.

[4] Tseng Y C, Hsieh T Y. Fully Power — Aware and Location —
Aware Protocols for Wireless Multi — hop Ad Hoc Networks
[C]//1In: Proc 11th Int’1 Conf on Computer Communication
and Networks. [ s. [. ]: IEEE Press, 2002:608 —613.

[5] Wang Z, Zhang J. Energy efficiency of two virtual infrastruc-
tures for MANETs[C] / In: Performance, Computing and
Communications Conference, 2005, IPCCC 2005, 24th
IEEE International. Phoenix, Arizona, USA: IEEE Press,
2005:547 - 552.

[6] Santi P, Simon J. Silence Is Golden with High Probability:
Maintaining a Connected Backbone in Wireless Sensor Net-
works[ C] // In: Wireless Sensor Networks: First European
Workshop. Berlin, Germany: EWSN, 2004:106 —118.

[7] Stemm M, Katz R H. Measuring and Reducing Energy Con-
sumption of Network Interfaces in Hand — held Devices[C]//
In: IEICE Transactions on Communications. Japan: IEICE,
1997:1125-1131.

B B S B e o T s S T B I s s S B e s s st o

(E#% 38 W)
BIAEPRE X K1 AREN, RN
S(N) =2(N-X)-1 3)

R, M 2N MR RS, ITATE R B R P
PR LA X = 2N 2 = 2N AT TR 3K
H:

S(N) =2(2N -2y -1 =2N -1 (4)
REEHLERY,
K=2%02"-1) =1 = 100% (5)

BERTATLUE Y, MAn 8 a0 % B LLBORRT , E R M
AR GEHO A ik RO AR N i 48 R M R UL AL A3
Ko

i LT, TR R R AT

(DERT FI5 P RIZRID A, B EH
o} 1] B S R

(QBWREHSG _#HRRBEH L OA LY
BHHE,

3 #RIF
BHAMAET RFID REFP M MEEE, #ET

KOAWMBREE, RETHREEROHFE. IS
AR REREN A FERNFNRE,
BT RIS P2 REAS B, BE A% 5 o i) B
BE4E BRERBUREWA . FHRT AR RFID £
GREEREIRT R T AR L BERE B
SR O BCE S R E M RE, XA K
HEBEYRHOPHMEREAEREREL

B |

(1] Wedii, F=Hel LS HRMEA (RFID) B it 5 0
[M]. b5t s F oy B R4, 2004,

[2] John G P. Digital communications{ M]. New York: Mec-
Graw2Hill Companies Inc, 2001.

[3] Klaus F. RFID— hanbuch[ M]. Munich: Carl HanserVerlag,
2002.

{4] XIE Zhen— hua, LAI Sheng— li, CHEN Peng. RFID tech-
nology and anti — collision algorithm{ J]. Computer Engineer-
ing and Applications,2007,43(6):223 - 225.

(5] &WEF, BEE EIAR, % £2TRBXRI s HH
HREARAMBEEEAERAEZA]). HENIBSNA,
2004,40(16) : 26 - 28.



