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Abstract: When sensor networks are deployed in mission-critical applications such as target detection, data fusion
technologies can significantly improve sensing coverage. Based on the probabilistic sensing model with an
exponential decay factor, the paper analyzes the intrinsic relationship between data fusion and coverage
performance. The paper also proposes some definitions, including node virtual radius, fusing-cover, to quantize the
improvement on network coverage performance caused by data fusion. The effect of data fusion on node density,
where sensor nodes are deployed virtually in the regular polygon way, is evaluated. On the base of above theoretical
analysis, a virtual radius based coverage algorithm to schedule sensor nodes is designed to guarantee every interest
point in the region being either covered, or fusing-covered. The theoretical analysis indicates that the number of
nodes which are participated in fusion process within virtual radius must be less than six. Otherwise, data fusion
does not reduce the node density, and has a negative effect on the node density. The experimental result
demonstrates that the proposed method can efficiently improve the coverage performance and prolong sensor
network’s lifetime.

Key words: sensor network; data fusion; virtual radius; virtual deployment; coverage

OB LYAKEABREA T B AR, HE SRS AR T AR AL H L AR S RE AT IR R E
Bso iR AT T HIBRRO A B A ML R R A IR T F B R DFR, G E 2 A L ZIHIBRRE T W
% 2 MM ERR M T S0 EVAE S A F KBTI 30 F 0T 4038 ek ot 9 S BB vh £ LR 38
Bh LR T AR T R 260 2 BRI AT BT B AR R A 69— A AR R T S B A R ek

« FEETH: R ARFEH4(61063040, 61163059); WIF A4 [ AR B HE 42 (09116094); A: bR IR 57 5 FF & i1 &1 (201001
04-1)
WA A TE): 2011-05-02; 5 Fa i 1) 2011-07-29

© HEBEERAET hipd/ www, jos. org. cn



150 Journal of Software 3kfF34& Vol.22, Supplement (1), October 2011

BB E BRI EREIDFRALL BRSO ERT BN KTEARIL 6,5 N HIE RS TMa TR MERT B
WEF LR M EAA RN T RE, F RS A SRR S T A 2UE R A E W
Bty F

KRR AERB M MRS B IF R R R A

e I W 2 i ph KR PSR 2« BRI PR AT R AL R TR R 1 1 A0 5 00 6 v B DA )
HEAT B R AL < A% 35 AN P F Ak 2, DT R UE SR 52 21 70 50 s F) A0 1 R L SV A I B 00 g 2 Y o A% ST i
TR RTINS 45 S5 PR 1 A R4 B 10 B P Rl 2 b RO 2 AN TS5 S e R 5 U
B e SRR B i 2 A A o 0 5 R DTS 0 i 1 B3 A AT I T 5 A SR A o 4 P R Al 45 S
SRR 55 Jo B i b O A5 R A MR BB Y TR PR A SR AR X 6 5 i S5 2 I, TR AL AR T 2 R A S X %
i 78 3 ) B VAR T A DTSR P R B A 11 A 8 S PR SRS 1 % o 1 e s ) R H IO A S
LN

53 A A I PR 22 AT ST A (0 50 dl /R A S 1 S il R U 4L 5 A, A — >4 )= g ke
SFEAE AU AERE S S5 DA 0 A 20725 LA 2R 250 P R 0 B I8 1) T 3R J THTHEAT T K517, Wang, Xing %%
NAESCHR[8 10T R ST 1 A48 il 15 X A el 190 206 B R 3 . KD W A AT R P 22 P R0 8 Dk ) M 0 S A A 2R ok
SR R P AEAT o SR T RE AT R ARSI T 58 DR AEZ TS S TR 5 B8 T AR B ol A RE R T AE 1P A 1S
e T i 190 4% 1) 78 58 1 R I A2 N 7 22 (ELE Wang 55 N AE 7% 18 2 15 il 1 10 A% SRV e I B AT 25 8 A% T sl AN H
o B A7 0T TR R =8 PR D R DA/ 0 R 5 Wi K SR 5 W, A SR e g L s o T AT R A s e 2, )
JERHTTRE BN B0 DA SCHR IR AN AL A SO 8 H AR B BOL I AL T 2 S B e X — HIN % 8RR
JH S DAy 36 (1 8 e gk P60 R 2 SRS TR 7 M7 45 IR BV AT D 4R M 1 T RO 42 (0 B i S T2OR R 1Y
AT S BEATL B 2 DX PN AR — A S A R A Y e i o il 5 A

ATCH 1A T SRR B A B S 2 1 0T MRS BB R I B R S SR R I OGR B 3 W
VbR T R AR (N o 505 4 WY HEAT 0 BUSEIR JFR S R BEAT 204 B 5 IR A AL

1 sk

AR A TR 25 TR 248 3000 SR 18 22 b e FH T ) B 0508 73— IS 2Ry I i R 0 Ak 23 R WO AR 23 i L PR A
B bR, — BT AR Y A SRR H A 1 B A R R AR R R T B b A DA R R ] b O FRATT T BUR
FH 2 b 07 ok /2 3 — SR, — 5 1, FRATT ] DA% 1 R A S 5% 15 5 1) 8 R S A — T T R AT 1R 2 A 4%
TR RUEEAT B R T KR T 0 A BT R T O TR I A 1T R FH 97 5 B2 e 0 53 A Rk 2% 1Y
266 [0 IR 5512 B, AELAS 2 886 o TR 4D 50 28 A AR . T T A R A S 32 S T 38 ) — e o Y

76 H SR, AT 3 W i E AR R S e B SR AT H AR AE AR S 4K 2 B BEAE 5 (R RE A2 B
A5 H BRI FE R IR RS T ek /N, 3K R AR T 1 B A% R WORT (9] R R BT BRI T T A A — AR S R B
RERY AR B N AL RS 5 s, € S =1,..., N) B0 70 57 22 e W0 %) R 3, P ok s AR ANAS W ) b AR FI N 41X B, S
RoRTE BRI RS

H bR AR SR IO 50 WL BR BT 4 d; A% SS9 A5 s, (AR 5 8 00h u; -

u, =We 74 (1)

K,y ROREERIRH— I 0.25~1.8 ZIHMEL, d; 2R H AR G2 [0 B2, W —ANE (8. A% BT sl

= H b & R IE 5 BT S5O0 5 E S 0 AT HIE S u R SR ME S H y, 5, BAREBRA
FELERPIRSC A H 2R, B AR S BRAELERPIRBLU H, 275 I DL AR A 2 s, il #3145 5 e & ml DLW R 320

Hy:y,=n, i=L2,..,N 2)

H iy, =n+u, i=12,.,N (3)

© HEBEERAET hipd/ www, jos. org. cn



BINR FREEBRBEMNETEATENFROEZ L E 151

M Ve T 5t W 7 AR A AR RS — A, A OB IR IE S A AT a0, N RS, AR R S S S 8 nLn, ~
N(u,0%),u I, o2 5 2.
Bt il G — Mo R O Rl A RUE BlA . H AT — AR A Rl A 1 7 20 O AT AT — A L p,
F(p) /R p s BT 4R & Al A A AL G T
V=2 )

Horp, Y RoREG G G, k =] F(p)| .t A B 24 Y = kI, 0 SR E) H bR 4, B0 H 704 H,.

2 HIEMMES5BEMXEAR

e N A IR AR AR B B RTL I K1 Ay A T 2 0 00 A i A7 R 75 035 5 AR B OB H Aot S I M —
FBE I8 5 B 125 0 84 0 /0, B AT P VA1 SR 5k (4 e ST Ao 1 R 6 P B, 20 A 3% R MBS Py RS A
Py, Py R FAR XS GAAEAE I, 0 s SRR RN GA7 AR IS, Py, 280 24 F bRt A7 AE I, 3 1
s IE A0 H bR A7 AE I3 6 1 38 X b ) — 5 p  BRATT Py (p) Rom 2 A1 s S 5 DMERL &
F SR 0 B bR A7 7E Tk = | F(p)| PR B0 4 R R R 2, 1] P (p) 28 B 5 0 ML 10 4 J
RIREME R P (p) < a,Py(p) = B, WIFK T p /2 (o, B) B i (105785 F0 2 DX 3k A IR AT o] — s 302 (o, B) B 7511,
MFRIEAN I N (a, B) B NI 0<a<0505<pB<I.
21 BAMERT SNERBNES

ST AN ORI (a, B) B AT AR R 42— AN BME G

Hy
y 2t )
Ho
R
Py, =P{n, >t|H0}:Q[t_T’uj<a (6)
a7
Dy, = Pi(n +We ) = t|H } =Q[t"awej =p (7

EI\EP,Q(x):ﬁ [7e Tdz, py A Py HOFWRER B iS22 Py MY & B, p, BUR KA, T

-1
4 < %ln[%(Q”(a)—Q*‘(ﬂ»} ®)
BRI B2 S d, 09 B 05 21 (o B) B TR v 05 PR F A . P bR O B4 2 e

P, S a K p, = 4.
2P Sr AR R @ =0.05, =095, y =0.25, § =W /o = 50,5 4 7 F 5 () {7 Wt L, 4 4 X (8), vl =k 15
r,=10.872.
22 ZNMERTRETHESHNRBRNES
L2 DA R p J] 2 5 il 1 A T S O N(p), 24 HRROR AL T i p I il i N(p) A1 Y
RS KL SR AR b R BT L 7 A7 A B SR 588 11 O ) Ll 5 A 2, A

Hy
ZSiEF(P)yi H%O\/Ft (9)
(BB 75 O e =0, 111 07 2 o B
HotY =20 r M ~ N(0,0°N(p) (1o

© HEBEERAET hipd/ www, jos. org. cn



152 Journal of Software 3kfF34& Vol.22, Supplement (1), October 2011

H:Y =Zs,gp<p>”n+“ N(ZseFtp) 2 N(p)) (1
2 (6) 1SR (7) A A, A A A BT AT A58 B B p, LM g, 24 =0 I T 7
— 7di
o, :Q(i} pdi:Q[t We™ ] (12)
o

EX L i p Ab 2 A A AT A K il ORI b, e I, 8 i 1 B 1K) 508 e AL A i 2 B il (1
AR AR v (BT R BT I B OR AT RS TN AR IR N UL A2 g SRR,

EX 2. 25 Rl A ST a0l 2B A R AU, A2 6] P A ) 98 28 7 st U A ST o R R L ik 2
il P A Y i LA RSO A 1 A LA 22 300 1) 0 8 JORUR g AR 0L 9 28 G R 2 gl 5 19 A ST 1 AR
LR 75 2K 38 A R AU A2 [ 1 A P 0, SR A AT RS 00748 2

TEIR 1. AR ORI Bt i 1007 SRS I R0 p AR FR H ARSI K00 il 5 o A At X 4% 1) 8 i

B 10 538 1T R BL A rg R AL RN, o =, +—lnk,Ji—EP, r oA, kO 2 5 A A 55 I AL
A FEPRFR AL
T A A% S R B A 1 05 ACPMERL IITE AT p Ak BRI RAE H LR Y =)

n +u, B p

eF(p) !
WA kK AMMEIRAY S SREE, BT
P =P[ S0 =k | -q WK Q( j—p <a
F ~ i O'\/— fi s
H ZWefyd' = JkWe 7", ) mlnd <r, +2—lnklﬁ’
i=1 }/
K
Vkt - Zu. Jkt =Y We 7% _
. = - Jkt —Jkwe 7"
P =P U >kt |= == = = =
D(p) (;nl+u| >\/—] Q O'\/F Q O_\/E Q( \/Eo' ] ﬂ)
(A 1k,
rVS:rS+$lnk (13)

TE N 3. WA pu J) PR B SR FH B B A SR O VE ARG I, I8 4 1% i B 0 4 S R A ST N B G p s
SRAZ 0 P TR (0 BN R AN SR B3O B RV R MV AL, DA% A B A ) A% S S B PR A p B RS R S

TE X 4 ALY SAE S p A VE Bt Bl & DRI H br, LI S 5 Rl A 0 0 B 5 X I e i 2
Zk:e”d‘ = Jke ", I HAZIK 2 (o, B) T 25

HHE X 4 ] 07 SE B SR A Z R TR ORI 90 3 15 X 5k ¢ 2 PR &R 2% 1), BT LARRATT T g FHSR 23 T 2 A5 A
TE 5 p AT B ER I Al A G 10 55 X8 o N I RRATR A A 55 X A e BT LT k.

23 BERXHCHELIHE

MR E 4,2 AT AR A p ARBEAT PR R Rl 5 ) 107 8 X 5 ¢ i 2 Ze 7% = ke R LT L

ANEH LA ST LR p WL rg AR B A XA LR p D \ o h AR AR I 1 DX At 2 2 AN
!Eﬁfﬁﬁﬁﬂ’léiﬁf%ﬂ/*}:lﬁﬁﬁiAﬁ £ DX PR I, BT AT BLAA DA AR 2 T AE i p B T AR T R0 R I
FIFAR N |, 750 L T PAY P 3t 2 A L ) L ) A SRR e T 5 78 8 14 DX

e ﬂ!"ﬁ%”ﬁﬂ s (R A B S AR 2 DR 3R IR 5 W, B A3 A SR AT s RE U A% — T, BT T2 CR Ik i 309 2 (1
i VE BE AL 5 B 2 AR 0 S Rl G 5 — I, S FRATT R A A R R AR ik TR PR A 2 L

© PEBEBSAITT  hip:/ www. jos. org. cn



ENR FREEBRBEME T A TENF RO ELZ L 153

LI OB 5 T A B ST HELF 72 DAL S N 1 2 DR R A B B
ALY 1B R B R AL 1,

r+ilnk
nﬁ%: 2 ,1=1+% - Ik —— (14)
5 1mFﬁQ%a%Q*w»} In| @ (@-Q(H
7 LW 5

B B, o, 5 ka, 8,0 MK, § RREEELL, TS ¥ KR E a =0.05, 8=0.95, y =0.25, 5 =50, k =2
IR (14), 7, =1.12.
A K MBI AR R p AP B Bl LU H AR kAN AU A X ¢ R A R K
Sl (8
C= AR(5) U AL (s, UL U AR (S, ) U AR (D) (15)
o, A% (s) s bL s AL r 1R 00 [ T 55 X 3, A% (p) Rk bA p IRy KR4 r Ny 12 00 5 TR
Rl 7 26 X I R (15)%R 7R ¢ &t k A48 00 r B AR—AN 424 g TR0 153 F 7 26 DX 311 4 i 401 k.

3 ETEMFENEBEERER

SR UR B A TS 1 AR B0 3 K A 55— A — 1 R 6 A T
31 KUERA MY AHEEEY

o5 4 5 T ) 1 TSRPS0 J2 U, 85/ 1 02 I OB S /2, BB 2 2 1A
S T E 172 A RS 19 40, T8 40 SR T TF 2 10T 0 0 B ) 05 A0 2 X0 4 1 9
B S0 5 3 2 3.

TEED 2. BV R TE 2 0% 00 900 A 0SB A4 G2 00 4 B 5 R 038 6 A 3 1 0, L
S s 1Y B B 1 1,

SE B 44 K =2 I 1 1 A0 B0 1 ()T AR 2 I 2 T SR 49, = 1.1080,6, = 0.9255. 11 A 277
A AsB I EL4: AB 41 I 57 0T B A, 260% 41 I ADB I 025 AB 4119 5 W I T B, BT A 4%t 74
B T AL PRI PR TR, P A 80510 11,80 OB IX AN 05 DL p I i, b 1 AL A2
WAL I o o oy 4 B LU K0PS5 . T 56 0 s ey AL 40 B0 2 2 AL 40 458 01 3

ﬂﬁm%%:ﬁ%mwwﬁaﬁA:%ﬂwfmmm@:ﬁﬂm—m%@&mN%mﬁﬁﬁﬁﬁN:

A - Py ~ P
02046, AT AT, p, = 0.5,£,_, =28
A" x A" (p) HITIRIIT £y =056 =220 7

100%=59.08%. # [ iRk 5k, k T 3,4,5,6,7 W AL A% WX 4% 1 1 038 1 49 ol vl BAosk /) 45.64%,32.58%,
21.44%,8.28% LA J2—2.22%. & _, < 0, IX B RF 24 k =7 I, 45 BT A0 70 U] B 0030 8 AN R o3t A% Tk % 0 4% () 535

A +AL A =2A A" =ar?, A% (p) =mr,’ AT, pp =

HEEIHK. O
HIsE B 2 AT 00, 2 A T el DA XE 22 340 T R R A 7408 2 1) T 3R P 00 s g, R 00~ A S [ P e 22 98
B 6 MRIEAT 1A REIE B I/ A R i (1 30 38 3 L 1) Y.

© PEBEBSAITT  hip:/ www. jos. org. cn



154 Journal of Software #kf+373R Vol.22, Supplement (1), October 2011

B

4

(a) 1,=1.12, k=2 (b) n,=1.32, k=6

Fig.1 A scenario of nodes’ regular virtual deployment
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1. Letidenote the number of coverage set. i=0.
Judge whether the node set S can cover or fusing-cover every grid point in G.
If it can not do that, Then end.
Else Let i=i+1, the ith coverage set C;i=J.
For the grid point g; to gn.
If C; can cover or fusion-cover gj and j=N Then
endfor and goto line 2.

Else If C; can cover or fusion-cover gj and j#N Then Next

A S A A o

Else Select anode sin S which stands in the circle,

centered at gj, with the radius r,, and meet the condition that s and C;j can fusion-cover ;.

10. C=C;Us, S=S-s; goto line 6.

11. End if; End for; goto line 2.
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