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Probability- Based K-Coverage Control Approach for
Three-Dimensional Wireless Sensor Networks”

JIANG Peng " ,CHEN Feng
(Institute of Information and Control , Hangzhou Dianzi University, Hangzhou 310018, China)

Abgtract :For the contradiction between the inherent uncertainty and strong fault-tolerance ability and ro-
bustness required in the system during the three-dimensonal monitoring with wireless sensor networks, a
probability-based K-coverage control approach for three-dimensonal wireless sensor network , PKCCA | is
proposed in this paper. The three-dimensona monitoring regionis divided into a grid, and a greedy heu-
ristic is used to determine the best placement of one sensor at a time until a preset upper limit on the num-
ber of sensorsisreached, or K-coverage with probability T of the grid pointsis achieved. Comparing with
the traditional random and uniform deployment , the smulation results indicate PKCCA uses less sensors
to achieve the same coverage degree and detection precison or same sensors to reach higher coverage de-
gree. The case of preferential coverage (preferential coverage degree and preferential monitoring precision)
for sub-regionsis a s analyzed and s mulated.

Key words:wireless sensor networks; three-dimensonal coverage; coverage control ; K-coverage

EEACC :6150P

K_

( ) 310018)
K- ,
T
K- , ,
( )
; ; K
:TP393 A :1004-1699( 2009) 05-0706-06

(WSNs) ,

, 51 WSNs
1 [ 1-4] 1

(NSFCG60604024) ; (2008C23097) ;
(20060246) ; (ZX060221)

:2008-12-10 :2009-02-08



5 , K- 707
PKCCA
el WSN's
1 4 1
, WSNs 1
171
WSNs ,
[811]
L) ( ) 1
/ ’
(7] [8] , (
) L
13 ” Y 1 ,
/ [9] , 0
[10]
[11] ,
1- ’
K- [12] ,
K , K>1 d,
K e’ a@ >0
(Probability-Based K-Coverage Control
Approach for Three-dimensonal Wireless Sensor (o
Networks, PKCCA) , i : Pi | j
, K T i
, (Sensor Threshold pi = pi
Model , STM) ) )
( ) B
PKCCA 0,
: ( )
B
1 , STM , ,
; (STM) (1) :
;2 : PKCCA e’ g% >
pi = o (1
3 , PKCCA 0,e" <P
: a B



708 2009
0 1 ) ) L; J
, d=0, L
1 , L=(0,0, ,0
[11] : .
(1) 0;
! \ zk:mkl+m|Q+ +mkN,k:1y )
! J . .
(3) p(]) >1_ Mmax,]:]., !NI
i s L 1, L = (Li,L2, ,Ln);
n,rn, , v S (4) L
R() ,R(n) ,R(R) . R(mv) O L : M
D= R() nR(n) n J oo M o N=N-L
R(m) n ﬂR(m) D (6) 2 y Lj ZCOV,J = 1, ,N,
j
M ,Mmax = 1 - T,
P(j)) =1- (1- py) kEl(l - Pn.i) (2) - Cov
JPi pni (D)
, j i PKCCA 1
S Nk
2 PKCCA —
WA EES K
T K- I/ NI a5 T
, ¥
1 T K- L
P(j)>T T K
nxnxn ) .
D=1[pilnen, 1° , |
Pij 1 STM AR R H+1
D, M = [ mi]nxn, mij -1
=1- Pij Lcov,j=1,"N
WAL R AR B [
, P() .j = 1.2, —] %
N, ‘
T
1 PKCCA
L =(Li,L2, ,Lwn), N=n



5 , K- 709
( KCCA a
) , PKCCA 2 , ,
(1) : i 3 ,PKCCA RD KC-
Covi, PKCCA (6) , CA a
a , STM
(2) : i : ,PKCCA
Ti, RD KCCA , a
Mmx = 1- Ti, PKCCA (3 : , :
i P (i) M fra ,PKCCA :
PKCCA O(mN) , ,m
1200
PKCCA = !
m , N m ; /
O(N?) =" /
2 600 f
3 400 ///
2000 0 e /
Matlab7. 0 . | e
T K , 0.2 0.250.3 0.35 %%%i&fuos 0.550.6 0.65
: 2 PKCCA RDKCCA a
, 5x5x5 , 2
125 , 3, , a=0.3,
3 T Mm=0.4,  PKCCA RDKCCA
a
’ B 3 , 3_ ,
' B ,PKCCA RD KCCA
Muex : B . STM
o ,
B M max PKCCA 1 a
K- (Ran- B
dom Deployed K-Coverage Control Approach for PKCCA RD KCCA |
Three-dimendonal Wireless Sensor Networks, B
RDKCCA, : B RD KCCA ,
T PKCCA B
K ) K- 20—
(Uniformly Deployed K-Coverage Con- fgg //
trol Approach for Three-dimensional Wireless Sen- - i
sor Networks, UDKCCA , 1
, T g0 ///
60
) 40 4
)| ere— ——ai
0.1 0.15 0.2 |O.ﬁUS Oé[[é)}.ﬁjﬁOA 0.45 0.5
1
STM B=0.2, 3 PKCCA RDKCCA B
Mma = 0. 4, 3
0.6 3 PKCCA  RD- ' a=0.3, B




710 2009
=0.2, PKCCA RD KCCA 3 , 2- ) 1
M mex 4 ( 3 )
1 3- ) Mmax i ] y 1
PKCCA RD KCCA 4 RD KCCA , PKCCA
, , 1000,
800
! 700f
Mumax ,PKCCA RD KCCA = 600F
=z 500t
M max , 4;3_ 400}
, PKCCA |
RD KCCA ol
1400 — 0.2 02503 03”204 ‘9;45 0.50.550.6 0.65
1200P~ __ WM ZHL a
1000 N\ 6 ,PKCCA  RDKCCA a
m \
® 800
j& 600 5
400
200 , 5
) I v 7 95 % ,
0.1 0.15 02 02503 03504 04505
FOVFIR) e A R % Mimax Mmax =0.05,
4 PKCCA RDKCCA Mmex M max ,
PKCCA RD KCCA M max
, 5 4 5 3 , a
=0.3, B=0.2 7 ,
M max , 3 ,PKCCA
B RD KCCA
. /;E E /E 5 #—f}/ﬂxg‘#ﬁgfﬂk Mumax RD KCCA
v d PKCCA , M e ,
I "
| y 1
I 3 4 7, )
) i 40 4
Fa M max , 5 PKCCA
> 3 : 5 (
95 %,
5
4 , 95 %) 3
( , 95 %)
. 5
¥ ’ 5 , 3 5 RD KCCA
2 ) =0.2, 1200f————— .
A ——PKCCA
Mmx = 0. 4, PKCCA 1000k—" O\
N
RD KCCA a 800 \\
5 ,PKCCA  RDKC- 5 600 S ]
CA . PKCCA " 400
RDKCCA « ,PKCCA 200\\
RD KCCA 1 %,1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
FVFA K A Mmax
2 6 , a ,
4  PKCCA 1 PKCCA !  PKCCA — RDKCCA

: 4 (

Mmax



(1975) , ,1999
,2004

pjiang @hdu. edu. cn

5 , K- 711
, PKCCA M max ,
6 ,RDKCCA ) ,PKCCA
RD KCCA ; ,PKCCA
6 RD KCCA UDKCCA
(
1 8 ) 1
,PKCCA RD KCCA ubD- PKCCA RD KCCA 1-
KCCA , )
60 %, a=0.3, B=0.2 ,
) ,PKCCA
UDKCCA , UDKCCA RD KCCA
100 ,RD KCCA
3 ,UDKCCA 6 ,PKCCA
[1] , , . [J].
10- 10 2003, 14(7) : 1282-1291.
o[ ot - 12) SN w
8 L=—UDKCCA , 2006 , 27(6) :1665 1667.
7 (3]
6 .
=5 [J]. , 2007, 20(1) : 183-186.
=y [4] , . [J1. ,
3 2005 ,26(8) :559-561.
- [5] Coe
0 PR ol g g [J]. , 2006 ,28(1) :168-171.
20 30 40 50 60 70 80 90 100 [6] .
WREH ' '
[3]. ,2006 ,28(9) :1752-1757.
8 PKCCA RDKCCA UDKCCA [7] , , .
[31. , 2006 ,17(3) :422-433.
[8] Krishmendu Chakeabarty , S. Stharama lyengar , Hairong Qi.
4 Grid Coverage for Survelllance and Target Location in Distrib-
uted Sensor Networks[J]. |EEE Transactions on Computers.
2002 ,51(12) :1448-1453.
' [9] , , , :
) [J]. ,2008 ,30(3) :707-711.
[10] Shakkotta S, Srikant R, Shroff N. Unreliable Sensor Grids:
' Coverage, Connectivity and Diameter [ C]// Bauer F, ed.
’ Proc. of the IEEE Infocom. San Francisco: |IEEE Press,
K- (PKCCA) , 2003. 1073-1083.
[11] Dhillon S S, Chakrabarty K, lyengar S'S. Sensor Placement
for Grid Coverage Under Imprecise Detections. Proc. of Inter-
(STM) , national Conference on Information Fuson[C], USA:2002,
1581-1587.
[12] Santosh Kumar, Ten H. La , Jozef Baogh. On K-Coverage
! ST™M a, in a Mostly Seeping Sensor Network [ C]// MobiCom’ 04,
[3 Sept. 26-Oct. 1,2004 ,Philadelphia, Pennsylvania, USA.

(1984) , ,2006

, chen-
feng20041021 @163. com



