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Algorithm for Enhancing Probabilistic Coverage in Wireless Sensor Network

FAN Xing-Gang, YANG Jing-Jing, WANG Heng

(School of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: Coverage and connectivity are basic problems in WSN. This paper studies distributed coverage and connection hole repairing
scheme (DHCRS) based on the probabilistic sensing model in hybrid WSN. This method detects probabilistic coverage holes and builds
the model of their repairing radius. It also creates relationship model between the repairing radius and the repairing displacement of
mobile sensor. This displacement not only determines the priority of the hole with its area, but also confirms the destination of mobile
sensor in repairing circle of coverage hole. Once mobile node moved to this location, coverage hole simultaneously satisfy minimum
detection probability and connectivity. Each mobile sensor repairs the hole of the highest priority. Simulation results show the proposed
algorithm effectively obtains better probabilistic coverage rate and maintains the network connectivity at the same time.

Key words: DHCRS; coverage hole; connection hole; joint detection probability; repairing radius; displacement; priority
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RS il b A SCWIF Y % RS 3 AR M R 7 G B i vk R 40 A X TR B A B (distributing coverage and
connection holes repairing scheme, ] #X DHCRS), #4375 o 25 18 #2480 31 B8 3 i B B R 12 R R
R 5 Tk IX AN 06 R LAY FE 71T SRS M R 3k 45 R R A (A8 A AR IX AN A B B R R I 1 AR, 1 —
O AR 1 O S Y, T RE L e Ak S I o 30RO SCRAE B AR SO R BETTERAE T
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Hhy ST HLAG 26 1 5.
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R DT o5 TR A A T Y A A B () T A 7 5 A RS Bl M 7 6 A TN N JE T Delaunay
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A R A P 4% 7 T PR REL0-1 BRI (ST FH 15 e b A van 10 7 2, T MR 246 Je R A 2 £ B J500 i L e 08 3
5 M L AR AR 155 R 2L

FERF ST 250 5 I U 3 5 B () B 2 R T 8% 1 0% T . o L YA S5 AR FH TG B A B I 5T T 1 Al
Bl 22 20 T 8 160 G 2 A2 s T 4% (1 7 6 T 5 R U 3R AR A N TR ST 17 S5 ) I 4 A TR s X 4% (1 /N 1 o 3
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32 HEMBERSRE
DHCRS HE M EEAD AN (FH RS HUE 1):
Input: W FEX IR 4,8 &1 SR A NGBS RES Nl NEFIE B, AL XL S a.
Output: 2% H1, 5 KT holemax, ’ BE &5 T, Y EE B mda, 78 75 % Cra.
Step 1: TFHE & Cra, IR H1, & K2R T holemax
Step 2: While holemax >0.14,;,
Step 2.1: &% AEAS 2 AR 20 2(5) VF 57 2R ST 0o AR 28 X (3) U 5 23 1 410 4k S S g % P! A 4
A 3(6)~A N A0) T B AT B AR d,.
Step 2.2: AN 5 AT FH AT AERE 4y,
Step 2.3: If », <a?f"in —d,
Step 2.3.1: TH5LH 8 Bl 2 H2,
Step 2.3.2: H2=H2+H2;
Step 2.4: end
Step 2.5: For s=1:N,,
Step 2.5.1: i A N (3) T SEAEFN W B B R 2 0
Step 2.5.2: HHAEAME W IR B d,
Step 2.6: end
Step 2.7: # 3 1 kL HE I e e 1 2 BEAT A A
Step 2.8: ILFEMIBZN T LG mv, EORIEH ST 5 B35 107 s 08T #2575 50 N=N+mv.
Step 2.9: BEINEE T,=Tmfou
Step 2.10: FR BN 5N N,=N,—mv
Step 2.11: CEB N RS M,=M,+my
Step 2.12: 37— 5 R AT I 1) ) M6 5 v 552 IR 45 L. 11 3] Step 2
Step 3: end
Step 4: “FIIBINIEE K mda=T,,/M,,
Step 5: % th XA E R holenum, 5 K75 H A holemax, B B mda, B 7 % Cra
Step 6: L4

Table 1 Parameter representation
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P i FEBIE SR E R | Ay DX R(SLE) = P, WA SR BB
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d; 5 s ARBTG5 A R K Xy S s ARE EATE i ANAS I B i A
d; PR Tt I e e d 55 s AN EIT AU § AN G R BN T A 3 B
holemax R oNe L dS, s AN RS AN P B O 1 ) B S
mda qzigllfli |'éﬁ va E’x lle |%5
Cra B g - -

DHCRS $1i% 3 AR (5 AN PRI IE . PAi i) e B4 25 R 1k (2 T 12
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90%. 7637 5 A I2EA N v, IR IR MF AP X I8 B AW A,C PIAN R 4 IR 78 o5, B A A,D WA He 25 15 7 75, T 7
MNJH [FHp ], 505 i ABC 11 3 A MR IR 5 ABD (¥ 3 A ke 25 [ 22 56 A6 15 55 B 1420 r, (IR 9K HN AR IX 35k
B2 B,C AN R L IR 7 o5, B AW B,D PN R £ R 7 5 6 T A DL R R I 0 T B 5 X, 00 el A 2 (3) 15 3
PR IR AN 0.91, 02 58 47 1 X3 A LA b (1 i 42 15 T 25 78 5 DX, B4 S AR S5 JUU DA 0.97 40 0y 56 4 7 2 X

Fig.1 Analysis of joint detection probability
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PRV SEAREA AT RO RS WS R ETRE R P, 15T SREAS T RN REA BUAR B AR TR AR Py, B0 i AR 23 3
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S/ NEFIMER By, IF, BRI 23T P RS BRac 2 0,45 W24 1CTE 3 7). 58+ AH A ) 223 A £ e R — A
20 ] SR IR R T AR X R R o )R 408 190 A% AT I IR A R B /D BT W S T, SR T 06 R84 28 R T 8 R
FAGE A B T7VE N D TFAR, 25 588 A7, W R RS (1,) 2 0,085 24 253 1500 A% (1,7+1) 4 0, B HEX A RIS b
R 25 15 AP A SR 2 LD PR T D9 A (2,7) H Ay O, T b 1 At A i A I KRR IR 52— AT
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F T A, 2 P R A e G o oK.

function [H1,holemax,cral=prob(N,,a,Pyin)
Output: H1; holemax,Cra
Input: Nr:a:Pmin

N=length(Ny); y A

[rowa,colal=size(a); 20

bl=repmat(a(:,1),1,N); Yol ¥ (I XAA bR 181 e eyt eyt
b2=repmat(a(:,2),1,N); Yol ¥ [ VAL bR 16 I U rjr ey jijegr eyt
XR1=repmat(S(i)xd,rowa,1); %25 s [RXAE b 14 11 ?6 ONAIJI 1] 1]T1]/0]0]OJO 0]
YR2=repmat(S(i).yd,rowa,1); Yoif 15 mi [F YA byt 12 1]1 \0 910 NS [ afofofa]r [1]s
c=sqri((b1-XR2),/2+(b2-YR2)."2); 11 \[bfo]o]o La]ofofrfi]i]1
Pdsj=Probability(c); %M 4 {15 i 5l SEIEE R o 0joloJ1]lolofolo]o]1
Pelsj=1-Pdsj:% 8 44 11 A AL 6 50 4 N N AN (Y E VY N Y R N I

P=1- prod(Pdsj,2); Yol 3 X KRR Pl o frfr]afr]{o o}
P(find(P=Ppin))=1; ‘2‘ TR R
P(find(P<Ppin))=0; Pl o] _
Cra=sum(P)/size(P); 0 2 468 1012141618 2022 24 26 2830 32 x

hole=hole(P); %t 51231
Hl=size(hole);
Holemax=max(hole);

Fig.2 Pseudo-Code of coverage hole calculation Fig.3 Cover matrix of network grid
Bl 2 s s o SO AR K3 A% 7 i

A5 b AN [ R A R TR A R AN — FE IR LD T 3 R 32 B30 03 52 A0 35 1 R 5 M K A B e R A
vy I 22 1] FRD JB 0 B8 25 A 25 ) R 08 3L 4 e 002, ) 0 B R R g 1. 2 0 8 A L, 2 2R 2 3] 6 i 8 381 e /) Je
AR EESR AN 2 gl T A 38 e A SR DR b B LA R N RS I 5 a5 RIS SR TR Al A
(KIRI AR A BEAEH ¢ 0 n SRR ER § AR IARAR A (x,, ), RN g, U233 ¢ (0500 AR AR T LUAR s
ARG, TF S 2 (1)~ 3(3), 3K 253 7T PR 1 RE 2 (LT A 230y S e 4.

n n
Zmixi Z my;
il _ i

- n
Zm,.
i=1

x, = Ve (5)

imz‘
i=1
3.4 BETEEANER
FRATVEE N R 6 78 i 25 AT A R0, B 5 7 SR AT AR AR A2
EX A(ERFER). CLASTTR T A 150, A SEAS PR B O - A28 i — AN [, R B — AN i B Bl B X AN [ b 2 5
1T R BB A TR R il i 0k ) e /N I AR R TSR U I A B 3 Bk b & R B b 242 5 1 N E SR ST R 4%
71, B4 250 PR ) U T A R A 3K (6)~2 K (10) R 1516 %042 d,.

Pmin =1 _(I_Pid)xf;[initial (6)
1-P,

B =1 @)

z=indf(P") ®)

dn:z><0'—;/+1",x—PL0—X(T )

10xa

d, =d,x10" (10)

d’ =d;-d, (11)

A= 4 + ! (12)

si Hl d’
si
24
i=1
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K ZER ] 4 Jros, A &5 @ A B 2R, BLASTR 0 o [, LK BE 2 2P A — AN, 2 AN A8 3l 310X
AME AR L5 AN 2 I B TR A I AL e N IR

Fig.4 Three distances
4 3R

ERE. W AU A T 125 B AN A 1A R B AN IR I H RS AL SRS B0 sk g LR /D 1
A B .

IE A AR B W] 4 TR, A4 S o 25, B AT A S ALD A B s 5 A IR A 1 B4 S 8 MR 1R A8 A
FEABAN A FAEEL— 5 C 5445 B (4B CB UL 4Bt BA , CA 4% = 1 TG ABCA{E—A = ot AERE WAL 2
3.5 BETIEAEL

Bl R 2 A5 B LR 56 v 5 s R R BE @ AR T ) 5 A R A D I B AR d¢
HEANEAR d DI 2 2R B 1T A B AMZ IR R R MBS @, AR D TR AN KA R Is
4 PR, e, d, = AD,d* = AB,d’ = BD. WURAE BT i HULk 3 1 AU KB 2530, D0 G T g S AR K o 2RI 4%
S0 19 73R, R TR 1) 23 0] 2 A5 A B B I B b £ b oK B8 ) 1 )R 2 2 2 W (K TR A4, RS BB S o, i
2 (L2 5 33X A 25 3 AR A0 S 4 TRTRRUBE K B 25 R, B0 58 SR8 K A AN S 8 715 Bl ot A AN 2 T 1 43 7= 2R AR e 1
A° . DHCRS 35N BN 3l 17 m ik #6056 2 foe v A 25 5 4

TR X IRIE B 100% ) o, W) T2 HE 2 B8 1) V1S5 R0 A JF A, S B W 48 7 6 B TK 90%, ik Ik
AR L2 T R DR, S BN S ) e R TN T 0. 1A i 2095 T 10m? FATTR A g Bl 2 S B0 25 346 b
3.6 EEEBE MR T RIS

HEA IR 2% R A5 R R 00, o A I 4 10 P 1 5 Al i T 20 R i B8 Sl 0T R BB AN A TR 1K) B BRI, R
il U R o 1 ik, 0 B o R 25 5 5 8 X AR IEAE R = 2r,

B B AR LS AT 88 W] R AF AE I T8 2. an B 5 TR, A4 R, BLF AR BT RLE A ER B A BOR NERAS
WS L EA K ILIE K Z RS B 15 5 40 1 9 34 43, A O R0 A D0, 56 2 R A I, 2 0005 A ) 2R AL 55 28 68 B o = 3
A AL EL d R R LR BT AU S BB R AT RN, 2 T 1R I A A gkt 2 SN AR R
R A 5 AT AT RE ARG 2 dyy . W RS R R AR A (1A B B B BRI A
) H AR S Ky H I RV o5 29 3 7B A R E PR A — R RS AR IE.
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Fig.5 Hole repairment considering connectivity

5 I IR A A8 b
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EA +BA -EB
QEXQ

dpy,d® dyg, AT LR Y AR A = A T8 10 1L AT cos A = , fE =M TEAHAE [ ¥E 45 cosd =

—2 —2 —
EA +HA —-EH

" M, HA=d ,EA=d' _BA=d‘ ,BH =BA-HA=d‘ —d O, 24 EH A%,
2EAx HA

min de ,‘Lﬁd"‘ :EH

si

—  |d*=d)d. P +d° xd)+d xd},
EH:\/( “—d,)( ‘xd)+d,

WR ro<d ARSI BB E AR A HL 8 R A 1 2, T A BE DR 17 5 Bl i a1 e K 0,
AT ORFF AP S IE R d' —d, <r,<d' W—5E T LAERIL BH BB LA B ET =7, BLIH &
AR B BE B AL BI, H. dyy <dyp. M7, <d' —d, W% REENE, 5500 A 55 RO A5 4 E 2 1 ) 72k EA
SN AT 5L D AR R B AT BAS AN A B H AR BN BN d° = d . IXFE B BT B AN 1
B Bl E 218 0k 2 X (13). 88 2l i s 45 21 DS A 2 X (12) Th 508 55 2530 O 06 4 ad ol 2 X (13) v B B sl R
25, DHCRS Hy:BEAS 52 1 7 56 20, AR ORFF 17 ) 45 1) 2 1.

d° —d, ifd <r
d’ = d;D, if r< d' —d, (13)
dy, ifd -d<r<d

AL r, <d' —d, IR0 GBI, A B D AR h B 315 8 B AN A 1) H AR E B4
BE B d° = dyy. IR 01 5 25 475 4R AN T2 0 0, 5 SR N AR R I 4 P S P A EA BB DT
%(dfm“ —d,) A AL C ARSI B ST, C L I B 1R B AN MBS @0 = BD, B4 E
WA KR BN d = BC, ¥IXSHEE EA 53— MBI 8 F, d°, = FD,dy, = FC. 58 i A5 A /6 RV A 11y 18
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Table 2 Relationship between repair radius and detection probability
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