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Abstract: Sensing range is the maximum range within which a sensor node can detect a target. This paper proposes
an energy-efficient scheme for area coverage in wireless sensor networks with adjustable sensing ranges. The
scheme assigns reasonable sensing ranges to the network of nodes to minimize the energy consumption and
meanwhile meet the coverage requirement. Firstly, the coverage capability and energy consumption are formulated
as functions of node sensing ranges; Then, the area coverage issue is formulated as a constrained optimal model;

Finally, a area-divided-based method is developed to solve the problem. Simulated results show that, compared
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with traditional method, the proposed scheme can efficiently save energy with satisfactory area coverage.

Key words: Wireless sensor network; Area coverage; Energy efficiency; Sensing range

1 35

90 2% 75 i S IR 1 I 2 A S I 4 X ) B 1
JRENRE . WHRAIEOLT, W2 SRR e L —
Hop)E, HERRE R, RERIHAEtEE . T
HE B A ROE W R B TCZ AR s M 2% 1 2% 18,
W REE s BOR B EE R X HAT, &g M
2% (R REA 7 0 VA T BRI I O AR EE T A AR
H bs 52 IR D0 R 5 47 e 3 Ak A B IR
A SR, BAEREAERN R, BT
T AT SRR B A R T I, R R S
S BRI e T BB S R ALY . %
TR T EGE A B A B SR, S
W 2 AE T A7 i BRI RN, eI AR SR R A
A Ko

VR, 2T e S a7 7% e o 7 vk
BT H AR R T, SR (6] 2k PR

2008-07-24 W F, 2009-06-18 &t/ml
K E AR IE 4 (60472059) % B IR

RV EE VR B AL AL 78 B BRI T S AL A A4, DU
K W 2 (1) F i o SCHIR[7) 45 SCRR[6] IR R Al L, BF5T T
TS E W TAER K, DK T Mg Adr. &
M, FEVFZASH N HERALE S RENH, T B
SR 5 ), A AL I I 2K RE RS T T H bR T RE
TRAHEAN X Ik SCRR[S) BT X ok 55 1) /8, WF 90 T
S RN Sy WP At B IR E o VW (E D | A Bt
TAEBEAC 1 LU AU E AT 2
A3 L.

SR ST U R B T D BB A s
W28, AT T F T A U T I R X I8
w7, TV E A R AR B B, (TSR K
DR A A DX B A RN, RE R AR
Befi%, FLHr R T IR R N I X I B A
T 1 RS X 2% DX 3k Kl o 140 1 5 U SR B S TR A i
o PEEERRW T ARSI ENIRe A 3.

2 T AR FRE TN REFEIREY

BT AL AR M 25 1 N ASBEPLAEAE 2 e
P DI A% R LG, 9 RO T 01 SRS,



2306 BT 516G 8 %R

%31 %

BT R0 BB B s DB 25 O A% 5 4
DI R RAIBTE  1, WS RS R RN BTN 0,

W RARARIE N p, = [, pyy ] ERENEE S N 1
I S HABBRAC A p = [p,. p, | » ISATT KL RIS
] AR IR N
1, "p - p;” <
f,n)= (1)

0, HAth

Htt |p - pil = (o, — . +(p, — )7 o T AHRE

SRR EDBOR, 9 R AR RNV K
BCFOL R, AR S R RE R R R

EIRREL RBOE A R RRE e . SCHR(S, 9]
SE T R RE B RE AR SN IR B R R 2 IR TTER
e, SCER[L01EE Ky 2 IR TR 4 KT R AN SO
AU RE BT FERE A HE ) AT SRS B 1K o YR TT BRI
B, a>0, AT MEERHFETLERRA
e(r)=a-r’ (2)

Horbra > 00 WGBS BOR, W R RERIHAE
(LYEAN

3 TREXBESEMMILER

AN 3% P s TR Dy XS ot PR PE RESR o
SR 53 (1 78 otz TR i TR e Y P i 2132 0
(RO 25 4T RSB DO ) 7 st RO FR iz X ik
R PITAT I s A e FE AR B/ M AR e X
AL R 7 (¥ i FAOAT AR R B oK

~,rN>=min{if<p,m} (3)

(2% H T B S RE RERERET, MR
98 090 4% (1 01 R D T4 190 4545 A0 R BT RE 2
Fil, AT LB B HOE A

Bryor i (4)

AT RE X I 55 1) % B A 5 e A BRI T
RO B, AT A5 A S I 6% 1 0 DX 45 1140 7 i T A
MEFIEHEE MR, WAREEH AL, R
Pzom B, 1 Re DI 55 0 DU S I T A 2R 4k
PRI AR

Minimize — E(r, -

F(Zaﬁa"

Jy), i €ER i=1- N
5
s.t. F(Z,r,-ry) >k (5)

X G)H, R F R SR B TR YE L, AT
DA DX R) Y PR SRR, B n] DU A T AN B HUE
b, ARG, EEENEOCH||R]: kR
PRI 30 2R I B (7 o5 T, SN RY FH 3 5700 &
(PZERABANE], W fif s ) H AR o AR k=1,

H b€ (LI 2K k> 3, HAB R RN I AT g 25K

SR
4 PMURBRIKIE
4.1 TiRBHENRE R R R IMRRE
155 74 3K (5) 14 fo A0 At 5 2 AR A R 090025 5 4R

SR AR B A, TR U
3D IR:
(1) [y e A ] B )19 s s v B 4 s

(2)%F T4 1 RUBRANEE B 41, TR X
S 78 o A

()E%E
JE REAESAGI—

%%@%W%%%ﬁﬁﬁﬁN,%ﬁ@ﬂﬁ%
YT R I o 24 B T 1 B
PEMRECN RN« AT, ML T LA 2 i
T8 3k g P AR RE ) RN R 2 2 DA E Bt
(71 B R B ) T SR AR K, AW S
4.2 TR BRHEE BRI RRE

H T A AR, 2B TR K (5) Ik
Pefigds, FEAS AR T

(1) M 25 X 38 Z R o3 A T HAE S T
Xz, , u=12--U, P U 2, =2, 2 Ng,

u=12,-.U
:@;

()M R BRI E T XK 2, » =12,
- U B B B, SRAFE R 4.1 TPTIE .

i ZUH I, RS I B Rk B AN
BHRA DX IR T G RAE I T RESZ B4R X Iy
SURSEN, ARV 7 X s RO, B 1%
%ﬁ?EﬁWvH,Lﬁ%%ﬁ$%?EﬁWMP
Rho T3 2, A RUBERER B SR AR T 12 mT LUK
A

{7"7/“6%} :arg‘min E()’)’; 7)
(A RISH 6)

st. F(Z, 1 -1, li€z, je€z, ) >k

Horb 7 AR TR 2, AR B T OO, #5407
A AR BB I, LU,

I 24 15 5T A, SRS 00 U A
TR MRS TR, TR AAEA T BRI 1
HEE L N /U REAS T BRI AR 3541 5
HOW IR, AR U R . T, b
A B I SR B T DR 1 A B RO,
Mo B, TRBEINE, 40K Skt
B, TN AR R B B (R

Ay, B, FERARSCHIES, %X AR5

ORI

%?jiﬁﬁ1jfﬁfﬁfﬂﬁﬁk%ﬂﬁ/‘qﬂﬁ%



10 #

BT T IR B YR N 0 O SR A I D 24 Y R X I 5 2307

4.3 XIBBEEHMITE

FIFH 4.1 F5F0 4.2 5 BT Sk s 7 i B g it
B, OB AE SR T s BN EE B s DR, el v
A 5% DXk P 7 2 T SCHR[9-11) /41 17 IX 4k 55
TR E 78, JErp SCHER[9) I 7 VA B 1 U
SIS R R T A S 3@ 171 A e B 8 AH R AN
[ PRI s SCHR[LO) R SRR [11] 1) 7 V245 Bh - I 41X
1 k B Voronoi BIFIRBERHUS, EHTE>1. 1
SR B A R R ko= 1. 9 A RN B 3 AN ] 1) 1
W o ASCAESCHRIOV A SEAE [, 25 H T HR 95 A kg
Y0 RO 5 b B8 SR i DX 3 7 o5 S0 i
A 43 i 850 B fRj A

W 1 TR, AHAS AT R IR R Y 5% X ik
O3 BN RCVF 22 /N IR X 3k, B Y a5k ¥ PRl 5y
BT TN B . Y AR B A 3 o AL
S A0 32 30 X85 1) 7 G BOHH IR, Bl L A o) e 3 (X
B B AR 1, U BT A BT I
BFERT k+ 1785, AN WL X IR L 2] &
Bidio Jy—J7I, 5BV R I B S B v
AANILAR T S5 B S A R, R A A
BE/N 1o il IR HE, TREMIG X e 7 5
CIRD R 2 s R N S s e &5 B NG B B 2 =R
BREA. T XA AR

1AL RUB T AT AL

T YR RNV R S AT R AE Y R
JEERVE HL 5 L RISIOEE 7350

W T D A2 +r?—r?
0;1,0;» = arctan Pis 7 Piv | 1 argeos| S T ,
Py = P 2,1
Pjy — Py >0, Pjy — Piy >0
2 2 2
0,,,0,, = arctan | —*——="| & arccos | -———=
Pjp = Dig Qdury
+ pjz —Pir < 0
iy — Py d,2+7;2—7'2
9@'1’9,72 = arctan Py~ Py + arccos| +———L
+2m, py, =Py <0, Py =Py 20

Horr d; = Ilp, —pjll - e 505 A S FE A RS 1
WRAECR T, IBAAETT R RS A L
A 27, MAT R, IXEEAT f U IURE /N 2R FF Ay
H
[0

z‘,qv"'] = Sort{eijheiﬂ'j =1, Ji}, ¢g=1,--,2J;

(8)

2, AT RURETE R d RN R IR [ B 32 5 O3 R 2,

B IILBGA T, A BEH (6, 6,0)» g=1

2J; Hr 97:,2Jl+1 = 97:,1 + 27 o BT S (@'.g ) 9i,q+1)
L R GE A Py,

R R

(9)

0., +6,
p;,(y) = p;(y) + 7, - sin [QTQH]

IR TTE T, S IX I Z 178 o ARSI A
iy i=1-, N, KNG S 5 AU M
T RN B A o A T IBLA AR (6,
0,01) q=1--,2J;, 7 EHARAME; JNBIL
0,5 0,,00) MBS RS T Mop,, AR K
g, HA S B EUR RS P ={p,,li=1-N,
q=1-2J Y E R EE, BT LA e AL X 8 2
(1) 75 i TR, T A ) 7 i EE AR A LR
XA, AL IR Z 178 me E 0T DA R i A S
N
F(Z’ﬁa”"rN):gleig{Z;f(p’7%)} (10)

5 (AESh

AT VA SO A A, i T LU LA
o ()BT T 19 USRI FEASE R R A B 2 150 5 1)
SO (2)WIFFE T B A0 B 1 ] O i PR XS D 4% 1 VY
FEMIEMA s (3)BIFST T SRAAR T st B AN EE B IR PUAR I
DX 3Kl 73 50) W9 4 B S Y FEANTTF SR I s (4) b
T ARG I IR S TTEAEA R S HOR S T I M 4% R
HIHFE.
5.1 72 gEFEARE 3 RN B 2517 RE B S M

9 AN I T R ) b 23 A AE— AN IE T B X 3k
W, WK 2 . IHESERENTR: a=1, k=1
FIR={0m,10 m,20 m,30 m} . fEa = 1Mo =34
ARTASOTTEAT O R, iR R 2 s, H
o BRI SR B 0 1Y AL ] 2 AT,
Yo =18, HAE—NOA AT EAPIRE, e
FIRANEE 2 30 m; M a =30, P sab T
HPRES, BOE MERAEE N 10 mo 2 #T SR W T
o = 13871 1 BB T Y FE B J I P 2 388 o ) Ll e i
T IS Ay B2 R FH A 20 110 71 5 S BB DK P R e i



2308 BT 516G 8 %R

%31 %

- 1(]\/7111

AN AN Ao

30m

(a) a=1

B2 o BRAN [ B PR 715 SRR B e 5

o =3 R URE BV FE B B BE 25 1 bl s
PR, X A5 B 4 22 ()1 R SE IR /N PR TR T B
5.2 BUANRE B I 55 B X M 4% B H AR RV 20

30 T RIBENL A A 7E—> 100 m x 100 m [ 2
1R, HIR] 80 m x 80 m A WAL 3, £1l43 i 2 x 2
A FIX I, a=3, R={0,Ar,(|R]-1)x
Ary, HF Ar=20/(|R||-1) m, Hi3H5 Lk
PiECARTR . AR, | R| BT 7S A AR B 2 1 i
N Z, TR RS B, E|R| =61,
B340 T —ROFECSEBL, oA 11 AN A B
FEESW N 0, BAETIRBRAIRAS: HoAth 19 N5 Rikb T
AR, SEIL TR SR AR . I 3k
T, AENT ST A B L 7, e I s A
FEREE N, L2 05 fET UM R T, %
SE AT SRR 2K SRS, 7E || HUAS [RME B
AT R, (FEg WK 4 Fros. i 4 v,
B | R 3K, WL I RE R T FER BT PRI, B

T ARGEAE, I R BEE | RY| AOHE, 1 R
¥ TS 7 o R B AR . AR T35 ROIRAS
DI DR o 7T AL |R| = 2 BRI, A
BRI LR W T AT iR B AT Rk
5.3 XXl 53 ML EEIHFEMITEEMNFIT

15 N RIS AAE A 80 m x 25 m (X B,
M B S R U AT X, ||R| =3, HifhZ
By EIRTEA . A5 U WA FEME AT, By
AR RERTAE ST SR U RS LR 1
fizs, el — U R ARy 1 A4,
HI 1 AL, Bl 5 X 8 2, BOE Y R
IR (TSR FEAG, (HE M I RER I FEIR
T, RIREAE ARSI B 1) BE AT ARV IR T AR 22
A, HER S MR R A, AR
Rl 73 DN 5 R % 1

F1 MEEEHASTHTREERTXEN ST RER

U 1 2 3 4
e FE 17000 20000 22000 25000
T 1.4%x107  87x10° 7.3x10° 2.7x10°

5.4 MEREEHFELLE

Y4, TE||R||=6, k=187 EHAE N BRI
I, B T A48 7510 (07 V)RS5 (77 2)
(17 W9 2% BE F Vi FE, A Z 40 5.2 A A . K5
AT DL, PR R RE R REARRE S N 38 I if B,
BUAREF i 1, RN, T DGR B
A BT AN BRERAS, BRAK T AR R H
XTIk 2, AT AN 2, AT LUEHE
P A BT N BREIRAS, BT DAZE T
JANEEE . UeAh, B 5 AT, AT VEIR K Ak
GNIERREAR, R A . RS,
FEN =80 X307 o FEL b HUAS [R(E I J8 5 .
HHE 6 m UL, PR TR 0 4% R R T AR A B o X 3
o Bk BB A R R K, I T
mPEREFIRE R THFEMI P JE G &R, B 25 1k RE R,

100
80 |
60 |
40 |
20
0
3 194 X 30 o (1) — IR A7 LS
15
1.3
12 o 12
= 2
X 11 X9
£ &
T Z g
09 %
= b 3
0.8
()7 1 1 I n I n

\\\\~\ﬂ

61 —e— Jyyk1
—— Jrik2

—— Jjiki1
-o— Jriki2

FERHRE (x10°)

Il

Pl 4 99 4 R Y A e B L L PR 22 A

P 5 P4 RE I FERE T AN AR 1l

20 30 40 50 60 70 80 90 100 1 2 3 4 5

N k

P 6 9 45 RE e Vi FERE D10 o AT AR AL



10 #

BT T IR B YR N 0 O SR A I D 24 Y R X I 5 2309

MZHFER e R . BLAh, W 6 W, A
BRI L AL G T IR RE R AT 2K

6 ZHERIE

ARTCT REA 6 5V T AR T Y R B R
BT LAY, G BOE A RN RURAIBE Y, A
AR AL DI ) 7 8 FBOAMIR TS A g T, M
2 RE RV FE IR K. T EL45 RIGUE T A SCVA M RE
AR . RS A R R R SRR B R IR
PO S D 5 BRI 237 DX A3 1 XK TR
BN

£ % 3 Wk

[1]  Carle J and Simplot D. Energy-efficient area monitoring by
sensor networks[J]. IEEE Computer Magazine, 2004, 37(2):
40-46.

[2]  WuK. Lightweight deployment aware scheduling for wireless
sensor networks[J]. Mobile Networks and Applications, 2005,
10(6): 837-852.

[B] Sk, X, W T IoL AT 4R ) e RE T A e AR

[J]. HTEE B2, 2008, 30(9): 2250-2253.
Ma Zhen, Liu Yun, and Shen Bo. An energy balanced
coverage model for wireless sensor networks[J]. Journal of
FElectronics &  Information — Technology, 2008, 30(9):
2250-2253.

[4]  http://www.migatron.com /products/rps-400-6 /rps-400-6.ht
m.

[6]  http://www.schneider-electric.ca/www/en/products/sensors

2000/html/osiris.htm.

[6]  Cardei M, Wu J, and Lu M. Improving network lifetime using
sensors with adjustable sensing ranges[J]. International
Journal of Sensor Networks, 2006, 1(1/2): 41-49.

[7]  Dhawan A, Vu C T, and Zelikovsky A. Maximum lifetime of
sensor networks with adjustable sensing range[C]. 2nd ACIS
International ~Workshop on  Self-assembling  Wireless
Networks, Las Vegas, NV, June 2006: 285-289.

[8]  Wu J and Yang S. Coverage issue in sensor networks with
adjustable ranges[C]. International Conferences on Parallel
Processing  Workshops, Montreal, Quebec, August 2004:
61-68.

[9] Huang Y and Tseng Y. The coverage problem in a wireless
sensor network|[C]. Proc. ACM International Conference on
Wireless Sensor Networks and Applications, SanDiego, CA,
September 2003: 115-121.

[10] So A and Ye Y. On solving coverage problems in a wireless
sensor network using voronoi diagrams|C]. Proc. of Workshop
on Internet and Network Economics, Hong Kong, December
2005: 584-593.

(1] EE, Rk, MIEE. (RN IET Voronoi I
B8 P ESEET]. ARG EAR, 2008, 20(14): 3858-3863.
Wang Lei, Shen Hao-wei, and Lin Ya-ping. Voronoi
tessellation-based rapid coverage decision algorithm for
wireless sensor networks[J]. Journal of System Simulation,

2008, 20(14): 3858-3863.

MEPe: Y, 19804FE, WA, WIS ) kA R M % K LA
FAL A
Ao 5, 196344, HdR, MR, WHT A BUE

L I S 2 N A IR e s R s ke e o



