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Abstract ; Wireless sensor network is deployed in the target area to sense and monitor relevant information. Due to
the influence of unbalanced network energy consumption and environmental interference, it is easy to make some
nodes fail early,thus forming a coverage hole in the network. The existence of holes will seriously affect the original
function and performance of wireless sensor networks,so a method of searching and repairing the holes covered by
wireless sensor networks is proposed to solve the above problems. Firstly,the chord of the intersecting nodes is used
to construct and search the covered cavities, and the problem of cavity repair is transformed into the undirected
graph to solve the problem of maximum clique,so as to realize the repair of the cavities with the least moving nodes
and the lowest overlapping coverage. The experimental results show that the proposed method can effectively search
for the covered cavity and complete the repair,and the time complexity and energy efficiency of the algorithm are
higher than other methods.

Key words :wireless sensor networks ; coverage hole ;search and repair;energy consumption

EEACC.7230 doi:10.3969/j.issn.1004-1699.2020.05.021

— PP O AL IR A X 45 B 25 s A S 516 5 ik
WAE', 7 O EAR, T F EAE

(LA 2 BE L S5 15 B LA B, MM 3240005 2 8T JLIN B /KB IR 453 A BRA ], il 324000
3 M ARE LA IR F] L 324000)

B AR R BT AR I P TR A DA B, th T 45 BEAE AR FRBE T 55, 75 5 (i e
TSR A, INTITAE R 26 R OB e 25 2 1 ) A7 A 23 7 B S o2k A2 Il I 2% JUAS O D RE R PR B, DX e 48 Hh — P e 4k
2 I 10 24 i 2 T )3 TS5 A 52 T ik LU e bR (R, SR PR 589 A 5 A b A I 3B i 23 3 I 2 i 48 A2 1)
TR f5 Ay I i PSR i e R DA TP, DA T 5 B LA e 20 B 8l 4 R e PR B 8 B ot S8 N s TR B 5 S 4 SR AR W 1 1) O 1
REAS = RO 5 208 o 25 W2 UB A2, HLRR I 18] 52 2% BE R B Al A s T At T ik

SRFRIA] : JOL A 7 I 5 5 fe s T 5 8 F R L R

FE 4925 . TN393 XERFRINAS . A X EHRE.1004-1699(2020)05-0750-07

T 8 ) 24 o 5 S AL, 2
2 W3 AL 7 2 R — A P 4
IO 24 3581 B DX s A5 4 2000 M X B
AR L T IR PR A FE AR L K T
TR IR 2 0 B (075 £ R o 1 S AR
SR — B A A7 IR ) TS84 5 48 B 1 (
FERBERE IR ) 2 % 5 0 45 78 2 T, 56 4625 9 £
BB {5 T 00 6 2 S5 W O, 1 2 B
25 £ GO B T G e L, TR LT
eI 7 0 5 IR 57t FUAS T M

A 2 TRME S I T B T TR sl Jaeatis 1 A
BT SRR SEB S, A0 Khalifa B 3d i 1H5
23 IR THT AR AR UG 52 2§ e R RS 371 s 0, JF 7
O35 TSR TR TUARE Y R TR R i NS S BE B S BT
ZfBE Zhang Y TEFHHLARE 1) TICLk 2 oA
FHAT s R B et T 57 ) i, SRS TR IO >4 Ho ]
A8 3 1 A, B A TR i RO DG TP Al A v
KA AR E ™ . Khalifa B MFEARES 347 25 (8
PR, 1 S Y R BRIV DR 5 23,
RATTCHE I BN 25 A i 58 4 o, AR SR /D B i)

I B SRR AN iR RIS B (2019K17) s 8T A8 Bl A 2528 150 B (LGF20F03003) 5 #iv 148 - — T30 H (j220180310)

s B #9.2020-03-20 &2 B H5.2020-05-20



%54 W E, T

ME . —FREERBEME R B ETRAFE5EE 75k 751

Balr i Khedr A M &TXFR IR AL IR I 45 45
Ty s T WD R RO ik, IR — s
J7 8, AR SR S MR AT 0 35 R T
BEniE Y | El Khamlichi Y 415 4% B HLER 5 S5
V1R 2 22 I ) T, 88 M — B0 B B R R AR
PRI D5k, LIRS WSN FR () TUA AL IR 1,
IR HEHTE M LMEE ARG M 425115 | Kang H
PEH—Fh AOA [ TCLAL AR N LS 2 MBS )ik, FI
By B SE HbRZS I, 3 55 22 kA G 5 w2 11 Y
LMETE Y, Feng X it &R M4 AR TR o
TN 2 T I SRR TR A T i £
I | $5 S PG 2 1) A R S ) s 1 A S 2 ¥
(s Tian Y HEH T —FhE TS VR So A58
AT A R IR ARSI R . AR 2 3] I ) X
I 5 ) R AL A B 0GR (A1, AR Voronoi 4]
A3 AT LA 2 B FRERL o B % JERee I 45 3l 53
ZA Voronoi X3, SR 5 4347119 S Z [ IE B8 G R
SRR A X S 2 S R A R s R, AR5 E
WA 5 2 TR P A — S BRI Y S B 2 T X
P — P A AL 0 2 T 5 500k I AR
it SRR A X 246 1 2 T R/ N s AR e Gt A 7 25 T 4B
#b, IR T R AR TR A IO AR AR
2% (WSN) Y23 RMEEN ) Khalifa B SR HIRBCHIHERIHLH]
KPR B MR 2 TR IX IR, A AR AL A
FH A LA PR 252 T R NV R MG TR
FEI A BRI RRe R 52 T R B R LT Rk
VEASH T T T, SR 5 e P A i 1 AL JB%s
HABEHNZE AT

HRT7E WSN 2 35 25 i 1) £ $& & &2 77 1 1 oF
GO BT TR 25 1 SR , (BT SR A7 A W6 IhT 1)
7] 51 . D75 ) A R R PEAS L s @25 B & A i
o (REFE T i gl B ) PRI A SCiR H —
oo 20 (4 7 2 2 48 5 58 5 0 ik i LU A
B S RO SE O B S A TR B 5

1 HEXRES5RIR

1.1 tHEHEER

AL LA R A T2 A% 8%t IR 45 S 98 % 42, 76 1A
WX I8 N AR s 1 A, b s TR
BN R, BT ASRE 8 R IO RNV BN A S
PF OB Ry DL S R r R |
A REIER N R, H R=271"1 ) WK AETR B
JEE R GPS B8 7 6 AR FRAT 5 5 A AL B AL bR
QNSRS SR B /N T4 Tl IR A R X R
AT SRR B AR JE T L AT RS VIR

LRI S . AR SCH AR B EE R — RS
A SR 9 S SN H AR X A 5
1.2 HHXEX

Oz A F i —FRINAHE LS 1 45
g R B, LR PR DXl A 4 2 1 e P S i ]
St K1 PR, BIPAR IRER T 55 ny —ny,—n, -
ny—ns—ng TR T — B, (E 12 B P ) DX oA A R
XIRSE 2B w5, F LA ny—n,—ny—n,—ng—ng BIoN—4
2R

1 BEzRTEA

QXHETE  QARARIRER T i v 5 ILARE T SR
B BT A A AR SN R S A O,
S v R RN Y B B b S AR AR RS A, H U £
J7 AR 2R B A, SR 5 W I N Y1 [ B 1 AR AR i 28
MUV S 7 AT I HAS B A7 T 45 5%, IRl B an 2R 5%
(4 R it 5 T RS AN ] A Jgs 1 e, i B ik
BE SO SEESE . W 1 T S e, 5ABRETY A n,
Ml ng ZIRIILAETE 4 A28 80, B 2071 RUSFEAE 3 5%
5%, T A SZH P i i p, A pe 23 )8 T A
[ &R S5 5 88 ny, Bl ng , PG 5% B R R DG BREB%, T
52 150 a Al p, B [ — 5 85 ny, Fln, AHES=
A RIGIZ L AN R OGS, [R) B 5% AR SC X

@z 5% AnAEIEASTT 2 0 B % AR AT AL
FBANLE AT 8 57wt i SN 90 N, W2 s PR o 28
5%, ik 1 R SRR — 825K

@7 TT R, 28 R 5Z R ) 1 i a5 AR kg 25
TS an 1 H 3855 ny oy gy ny wng ng BBRIRES
Tl (R TH A

OABJZAS AT, — RN 25T T & F ] —
A2, HIS Z (8] BE 2SN T4 T 2, Il P A
IO R R &0 J 23 ) T a5, (&1 1 o pg 5 p, W AH
HABJET S, pe Fl p, WA EL AR FE TS

©z= RS A EATE RN, W
AR — A A IR E L, MRS 5 B 4 =S
TRRER



HOARA F R

752 chinatransducers.seu.edu.cn

% 33 &

2 ZTREEIFHE

A SCHRAE 1.2 /N5 BAH OG0 SR A 4% JR% I 2%
HAELE R 25 T A R 2 TR 23 A 2D 3R AR s

AR R ML N T I TS,
RN v BRR S R ARG N & R Ir T 5
MoV AR S ue BT R=2r, AL 5 v 2]
REANILARFE T RAHZE . 4RI B 7 10 & 4R 55 il v
TR A AE A T A R BN T A G SL . SR JE X
SOG4 R A R 5% BARSE R N R 1 TR

F=1 ZTEBREKAE

23 R L A AR A

Related symbols

S, :Node set in sensor network N;

E,. :Set of hole chords;

S"" . Neighbor set of node v;

S :Key chords of node v;

S . set of sensing disk intersection points of node v with
its neighbor node u;

(j,k) : The two intersections j and k that make up the
chords;;

Input ;

S, and S™

Algorithm .

1:E, <«

2:forvin S,

. ol
3: foruinS®

4. S™«—sensing disk intersection of node u and node v
5. endfor

6: Sffs Sort clockwise

7. forjin S

8: k<—next intersection point of j

9: if ( intersection j and intersection & belong to dif-

ferent neighbor nodes)

10: S8 Ujk

11. endif

12. endfor

13: forc,in S

14. for u in S:"'b

15. if (¢, is not within the sensing range of any

neighbor nodes)

16. E,.+E, Uc,
17. endif

18 endfor

19. endfor

20 endfor
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Related symbols;

S, :Set of graphs obtained by chords vertex connection;
E,.:Set of hole chords;

Sl : Set of Network coverage hole;

Input;

ky,

Algorithm

1:S,,. <9

2:8,«0

3.forcin S B

4. b«—Node graph corresponding to graph ¢
5: if(graphic b contains graphic ¢)

6: Shote ™ Shote U 0

7. endif

8 . endfor
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