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Abstract: A distance-assistant node coverage identification model was proposed which adopts distance information be-
tween the node and its neighbors to identify nodes coverage without using any location information. Theory analysis and
simulation results are presented to evaluate the proposed DANCI model. It is shown that in randomly deployed sensor
networks, the maximum error between DANCI model and location information-aware strategy is 6.396 0%, and the
nodes coverage accuracy improves significantly compared to neighbor number-based scheme and nearest neighbor-based
scheme.

Key words: wireless sensor networks; distance-assistant; coverage identification

ks HHA: 2008-05-27; f&[= HER: 2010-06-01

E€MEB: HEARRFESVIIHE (60973139, 60773041); VL4 HARHFIEA I E (BK2008451); 2006 VL7544
AT TR Bt W I 5 VL3R4 BRI A5 b A i e T < e B 0T H 5 o ] e 1 J 66 <6 e D 30T (20090451240, 20090451241);
LA EHRE I E (0801019C); VL4 Ml RHEAIFT T RIFE S % B H (CX09B_153Z, CX08B_0862); kM K&
TN BAR IR AR T f st RS R B E s LA /S KEgE A% E (2008118)

Foundation Items. The National Natural Science Foundation of China (60973139, 60773041); The Natural Science Foundation
of Jiangsu Province (BK2008451); The Special Fund for Software Technology of Jiangsu Province; The Special Fund for the De-
velopment of Modern Service Industry of Jiangsu Province; The Postdoctoral Foundation of China (20090451240, 20090451241);
The Postdoctoral Foundation of Jiangsu Province (0801019C); The Science & Technology Innovation Fund for Higher Education
Institutions of Jiangsu Province (CX09B_153Z, CX08B_086Z); The Fund of Suzhou University of Key Laboratory for Computer
Information Processing Technology; The Six Kinds of Top Talent  of Jiangsu Province (2008118)



- 128 -

B

i}
4

EjSd %31 %

1 3|5

HFAR AR P4 1T R A BERE ) WA o LA AL
RERSFPHR AR, HESETOESHE T, Xy s
B BE R 7E AN T RE, FT LA Z8— R %
Ji (20node/m?) P B sk ms M . (X R BA s B BT
R AR EITSRE, WS FERER I 2. IS AEAF I )4
Ja A5 L

T 5 A8 (%) M0 DX 3k s B A g R v
e LB SR T UAR T AL TELRIFREA 2 e I
LR, B3R b T TARRAS, ik Ay o5
AbFARIHAEMIRIROIR S o 7 1 2 O A s 19X 4% 0of
B SN BE ) ORI, FAE N RR T LA i
oA 2 1 00 Ik 4% )5 (QoS, quiality of service) (I hnitk,
JIT CA AR Y s (e R 2 LI H A5 X 45k 7 25 4 55
i1 P2 | R N e 00 1| R o R
SUOEAE SRR R ETRE . AT IFE AR Y RO
T SR B T T T R, SCk[4, 5] KA
W25 AL TS EAAAS 7Y mide, I B4
AT RS R e A i H AR 7ERENMI 21
AT RARL T TARIRE,  HoAth b TR DI FE R IR
Ao WTLUEH, TCARAST RGN KOO, %S
AAFI TR, AR A2 LI B SR (W AR RS Y
FAEO IR R B NP SE2 . DiTian ™4 —
ANBET A S T PR, R AR A B
AR ST AN BRI S S AT R i R, R
W E MGG ). Jaekyu 251 H BE S (R IF IR 7
ST SRR T S U X
(ESA, effective sensing area) X 15 St AT . DL EIX
Ay AR T RS A R T A A A R A E S R
IRAFEAMAG T GPS. A7 [l RER A et sl A AL
i, XFHUEIACE AR J R R R AR
THAESE AN, EAFAEHER AL, NS T4
FEEN AT

Bt B L PP A AE R ) A, DiTian®
SR SCIRIG) A T Lt , B T A0 BTG G i A S
Y, 9 SRR B S PAR A R0 1 ANk s
PREGEE, BoE W RUSCA TR Y I, #4855
AR PR B IA BIVE I BIE, W2 SO RHR
WAL REITERIR, 5 TSI, (HREE ISR
SRUPRHIR F5 JCA00 J5 4 a5 757 B 1 I8 2156 12 i DX 5k 1
e, ANREGIFMII TR . Gao ST Ty
ROEATCRIIMER LR BR, 47 sUB A48 N AR e

AN A B SO TR RBINER, (R 35 HIE 5
TP, B2 ms p SVE BRI
THAEI 2 RERE IR . o B B BRI ) — 2y
s P SO P A A AR TR, H%
G JET R EAE RSN SR 17 5 R B I, AN
RELRES HARDI ) WS . BTLA, G4 s A )
B w5 AR BB TR SRR B TS, 2
SR A TR . RAIE AR DX I8 75 12t

h T RIS T B A BT S R IR e R RE A
A S AR SIS 5 SR (1) 8 i A ARG P AN v 7 i A )
TRZENEE A, BT TP A B 0 U7 o A A
A, HEEASIMURTENT R BN E GO0 T, AR5 S
B AR R T REEE R, VR T s AR S T )
WA, HESEIARIN TSR, WRZAT R0
R BB HT A S0 25 B, PR BRI
5 w5 A A B VR 2 P IS B, 1T i
KA RERA B CAEOU R, X S8R = A
6.396 0%, AEFEHfIAZTY s 25 A0 . & DiTian F
Gao FEAALL, 7 a5 IR R A, W IRSs
AR PR 25 78 o PR T A

ASCHLUNTR: 55 2 5 RAR T s E AL A
JERENREY, U I 25 0 AR AR R IRl R 2 3 14
H 5 A AR S AT T Ty 5 4 40 4 )
SRR TIGUE S AT 56 5 1R ARSI Z s

2 MLEARBLFN o) A

21 TIREREFARRENIEE

B M AL T s A L2 DA A Y,
TR MERG TR UG =1, 2 3, M), fitli b
B

1) A AR EORKN;

2) W RUEARTE HIRNI A A, BIATELE 2
AT RS IO

3) AR F B TR DX 3 ) A /- A A
B SRR AR S

4) A 2 1) (i T S I A P A o
S48/ (RSS!, received signal strength indicator, )m %
KIS A)(TOA, time of arrival)25 7723545 .
22 HXEX

TE R, 0w AT 78 o U RS fORR
N, ER e UGERE.

1) AR SR DRI AR A o R T
IR, RGN R ARl



5 83

JURG GRS B G ) ) Jo 2 A e S 90 44 1 8 i A R Y - 129 -

o L A
o, Atk

0) W4T E . FE A T BRI 2
AL I BB TR LA, 6 T T4 1 2
Bk, IR T S s A,

U A

A:overage = = AI: (1)

HA, Acoverage IR TAETT O Z4 78 TS, AR
90 TAE R S AR,k SRR RN DA A
TR
3) ABJE . VN RN AR R, WAAE
FERT R U RSB R 910 RO ER & /N T el as
T RIPTA T SINASE, H Neighbor(U)Zr, NI
Neighbor (U)={Q| distance(U,Q) < R} 2

W 1B, 50U RGN DN BT R
J&T U BB R

® LR
SRR PR S

4) QBRI R FE AR
T ri4E Neighbor (U) RGBTz a,  FRIZ TS
WA i i o
5) ABJmBm B . SR AR A AT
RNV RERERE, E R AR AR Y RN FE A
R I T AR A B 2 R T AR A LA
A

]
_ jeNeighbor (U)
Cneighbor(U) == egp(:: (3)

H, Cragboruy &7 Tl U SRR TIHE, Ay &
AN U B RN, AR U SBJEEEAT LU I
.

IR L T AUBEIEARN R IBEN DX Ik N A7
SRFEEE, AT RS X, W x 76 R B4

P AR08 fa 1T U SR NN Py, WIAE R 3
A Py IR DX I3 408 i 1 w7 o

HERR % R A N ANBEN Xy, %o, X} s 1K
HHASAE R IR 5] 43 A, ELIBRGN i Bl 408 J 15 i 7 i
TEUUHEL AT, e NANBGI A, A n AN sS4l
ST S RN X, PR B gl 40
T AR R MR, AR XA

P(X=n}=Cyp,"@-p)"" 4)

M@ LEH, S X IR I, B X
~B(Py N).

WA XK, 15

N
E[X]=>nCip,"(1- p)" " = Np, (5)
n=0

MG LR, 75 R EANEHE N FEH NP,
AN RIS Jo 1 s

2 N TIE75 KN, BN, R T LR g e
FI AN AL FTPA RIEENTE R4 A0S 5 s
BRI AT LR I R YRR R &0 S i i
Fefg, o

. N
lim=¥e=p, ©)
& HAHIE
2.3 |a@fER
CE BRI AR R R 19 U OB
Bl R, E K B A7 4 A T A g
Neighbor(U), IS5 5 U 340 i M1 £ 7k 51
S B G B

Cneighbc)r(u) 2 Cth (7)

WA U 2 (3) A T R A BN A 75 i 78 55

HAEAE, Wl 2 fros, P AU R S R AT
A A, B, C. D. EZBEHEIFLE,

2 A



+ 130

-
ar

i}
4

EjSd %31 %

3 TRBEFAEE

VAT 25 U BN DRI E X=X, Yo, 00, X,m =BT
AL AR, e B 1 T g, i SBEANAE x RERE
AR S TR, T 05 U n g LAy s A s

TRRAEAR A RIS AU AEAE n AN 1,
HABJENT AE U WIS A, TR — R X
AR R IS R A R o0 A B Sk

n—;z, X 5 TS K J
0 , HAh

s R, A RIS A, o
PR = (png, o), Horb p R0 A
BRIAMER, Ny, ng FoRA0JE T .

SOAAE IR AL X A AR fa S R R 1)

f =

X 8)
XY
See X
A A
0
e
P(n)=p 9
FAAE 2 AR50, /b NMAR R i T )
]
P(n,n,)=1-(1-p)° (10)
n AR AT SR, /DR N T A
P(n,n,,---,n)=1-(1-p)" (12)
FRAE 0 (9)~ (A1) AT ISR HY T A U AR S s 7
EHFREE, AHAETY S B BRI, ARSET
A5 U R 3 8 ANFR TR, 38 A AR [R] A48 J =1 s AN
TR, XY 85 U 78 s R AR IR R 2, W] 3.
K 4 R, [FIFER 3 AR A, M)~ ()Tt
S 7E 5 R SEAH R ), (HSEpr Ll s al 78 5
(i 3 proR), EE e (W 4 FiR).

B3 Wil

h T AT SR K Il R, o) i PR =
f (P, ), I BIAT T S B R,
M5 G S R EC T= T {p, (P1, dv), (P2, &), *, (i,
d) o P )} P =12 3, N)EREEE K d RIAR
JEE T SO0 R A

FEN 0 U AR SV, i 5 R, WU
2 VIEEESY d (d<R), Y2 VR AL U 8 R
HUA

2
S, =2R’ arccos% -d,|R - (%) (12

T U AR A
(13)

KI5 A VO A U R i AR
EGE TR U AR X RGN R —
AR R e N B i PR B = f{p, (po, db)} > 10K
SN A T A A

2
ZﬁmmmghﬂlRA-ﬁ
2R 2

=p = 14
p=p e (14)

AAFAE 2 D RBJETT R EH R X DA
R R R A5 RN = £{p, (pu, du), (P2, c)} > BEAR



5 83

JURG GRS B G ) ) Jo 2 A e S 90 44 1 8 i A R Y - 131~

J A B i A A

o211 S (S
p=1-(1-p)@ ”*J'G'an@'nwj (15)

§ =2r arccos S —d, |R? - (ijz (16)
2R 2

BN RS o PR 1Y R B i A TR o
AL N AR SE Y R MREAT J 9 s i RO

Hor,

A

S
R2

T

p=1-Ta- pi)=1—1__1[[1—

HRIEERE 1, T RAARR Y i AR A RO
TR SR B R IORESE, AR Y e i 1
FERE AL 7 ZE AR e i U, B 2 5X(7), R IA
WY AT AR S 1 i o

4 FES iR

41 SEWIMERSH

N T VPR RN AT AR SR R TR R R A,
7 MATLAB7.0 FiliAT 2080 UE, XZARAL S 7 56k
TS T U RN K Gao® J7 5 DiTian® 75 %
AT T X ERIALE

B ST ANk 40 ANy, AEELA
HOBEHLESE 1~20 ANABFE 5 A
42 WK
421 Lir#it A B E ki

h T RSB R O A B SRS, AR
454 A0 A FL T AR Rl Y 77 4= 361 201 4M%
3, BEALAE R n ANAE T AT o AT RN
TG SO — AN, ARPE R A AR/ n
ANBRFHAT S IIARRR, AT i G LA
S L, AR BT RS i G, &
FINTE S O, A wdl T SR ILEN 1. B4,
T RAAN T 5 6 PR A e A0 R Y
B MBS R EEE WA T SR
WRZE A, BT 5 S 200 JRBEADL S50 (1132
P, LA R 6 Bk,

B 6 Ui 7 A E S R D ARSI E L, B

AR AR, T A B ) b b
Fo NEHTLLEH, MRA—NBRET S, i
FERATH S0 78 75 50 59.654 3%, DANCI T4 11

j (17)

BN 64.996 6%, —FH RN 5.3423%:; A
WAANEOE IR 4 N, OREER SR AU B A
96.137 6%, DANCI {1-57{E°h 98.885 8%, —#[Hi%
5K 2.748 2%; 15 RN EEINME] 7 0, RSV
7Tl 99543 5%, DANCI (35 Mg s A
99.9755%, —HIRZENH 04320%:; 11N EURE]
12 I, KEHTT LM 99.977 3%, DANCI K5 55 7
#EH 99.999 9%, —FH kAN 0.0226%, HLUETE
AR S A

100F
. 90F
%
T8 80
=
= 70F
d'r?c_'
60 —%DANCI
a1 AT
50 1 1 1 L 1 L L 1 1
0 2 4 6 8 10 12 14 16 18 20

A AT B
K6 SuiinE i Rz R

MR ZEAE AT 08T, A5 AE 2R,
VBRI R, BEA T AN, A A
R ZEN 6.396 0%, H/MaZEA 0.000 1%, it
DANCI 17 5078 2 A AR COk 2 i . 5
M Lok, DANCI X7 78 o5 40 AR A LR
Tt T AR T 7 P8 e, ey — 1
422 LHARET EAS

Gao Ve B AR BAR AT BT, FHAR 5 54
AN UK ST T SRR, [RIREAES S B
fE BRI, 24K DANCI H5HIny, &%
JRIRERE LR, il 7 R

100}
90
& 8
= 70
p
F 60
s0F —%— DANCI
—e—Gao's
=56 & 10 12 14 16 18 20

WAL
7 54k s AR



. 132 o

Tl

B3

EjSd %31 %

M7 ATLE H, TEAHFIRIARE T AR, SR
FHPE B AR B Ym0 RS FE L Gao 2, 4
TN 2 DGR AN, Gao IR 5 A
62.7919%, DANCI 5078 55 24 90.712 3%; “4H
4 ANERIEY R, Gao (WA RGN 86.241 3%,
DANCI FrI) 578 7k 99.015 5%, X1 s ()78 i
FER RS, XORFNRA TSI E R, R
PHBIARER T AR T O A AR, AR
T B R R

B A0 ST A AN B 0, T S R R T
HEH, Gao A 10 ANMABJENT AU, 5 S R A A
99.298 3%, i DANCI 743 5 /M4 Ja 15 fiiy, X715 Al
{78 76 1) ik 31 99.669 2%, iX i3] DANCI 74 [+
B ETEOUT, AR R AN, HEfIA RS
2 iRes, IR SR TUARARINGE BUUR, F R
SRR R, e SRR, ] AGRIER >
P TAET 55, MBS RE R FE.

423 LHRLIEB FiEER

DiTian' ¥4 75 35 A B S B ARM ISR, XK
FH B A0 B SR ) s ) s A T
DANCI A (7 s5 FE R LR, b R anls] 8
FR o

100

—&— DiTian’s n=1
q4oH —+ DANCIn=]
== DANCI n=3
—&— DANCI n=4

0 5 10 30 35 40

15 2l0 25
L4 A
B8 I L

M 8 TTLUE Y, 271 i S 40 1 s AR N
I, 0 R R PR o A AE — N8BT R,
2 P i P I 5 RO AHAE T, I Kl DiTian /24
RIS AR T A R A R
i, AHEIHARRSE Y O E A SR . DiTian 51
TRBEA B A R, Y R i R S e T B
a3, DiTian X5 wi AL R AU ANSZ AR 39 i A i
INEIZL, {5 DANCI B EEE AT & 15 ni A Hoisie H
AR BTSN EORZE , R R o

K, AR S Bk 25 AN, 3 AN E T A
AT LA 3) 90.405 2%, 4 ANAI8Fa 1 6 1 i i) 78 i B2 1T
153 94.951 7%.

K19 iH] T DANCI BERYAER08Fw 15 s N ey
BEMEREOU, X R B B L. I TR LR
L BEAE AR AN BN, N A R )
S ETHESA AR RE RS RN, X A B A )
BN, N RN AR XY R A
IEFILAL,

=¥ e
- \\“\\“ \ o

20
10
0o LG40 AT AR RS
Ko N ARSEEERS 5 IR A

WEY AN

5 HRIE

ASCRANWIIE T IC LAt s W 46 4% i 2 4
L ke O pe IR DS AN NS S Sl )
N FETARSE AN RS RN R A
BIAAEAREI L, PR T T i R i A )
B, I BSIUE A O E AT, AERTZR AR T
TRLEFE B ORI T, A A RRS R iR R
ZEINAFAE 6.396 0%, X 40 Ja 5 i AN BoR sl 2
wa A, RARE S R, D ORIER
AN I DI o SR R . AEAS SC PP BT ]
RIS AR R A, SRIMAESE BRI N R, 19 sl A
A SN R AN 2 1 s R i A P AR AR O Y
SN, X RO A P RS, AERER I A,
6 AT RO BT A P R, AR
fiti EHEAT Y RO L, IRBL N RRER, SEAC KL
PEAFIN TR Do

S 3K

[1] SHIH E, CHO S, ICKES N, et al. Physica layer driven protocol and
algorithm design for energy-efficient wireless sensor networksA].
Proceedings of the 7th Annuad International Conference on Mobile
Computing and Networking[C]. Rome, Italy, 2001.272-287.



5 83

JURG GRS B G ) ) Jo 2 A e S 90 44 1 8 i A R Y

+133-

[2

(3

4

[

[6]

(8]

[9]

(10

[11]

[12]

B Ft, IhE, BRIG. ARUE S P 2% b B ORI DU s A T S i b
BAL. TR, 2009, 37(10): 2284-2290.

TAOD, SUN 'Y, CHEN H J. Worst-case coverage detection and repair
algorithm for video sensor networks[J]. Acta Electronica Sinica, 2009,
37(10): 2284-2290.

WANG L, XIAO Y. A survey of energy efficient scheduling mecha-
nisms in sensor networks[J]. |EEE Transactions on Wireless Commu-
nications, 2007, 1(4): 660-670.

LIU C, WU K. Random coverage with guaranteed connectivity: joint
scheduling for wireless sensor networks[J]. IEEE Transactions on Par-
allel and Distributed Systems, 2006, 17(6): 562-575.

XIAO Y, CHEN H, et al. Modeling detection metrics in randomized
scheduling algorithm in wireless sensor networks[A]. IEEE Confer-
ence on Wireless Communications and Networking (WCNC' 07)[C].
Kowloon, Hong Kong, China, 2007. 3741-3745.

TIAN D, GEORGANAS N. A node scheduling scheme for energy
conservation in large wireless sensor networks[J]. Journa of Wireless
Communications and Mobile Computing Journal, 2003, 3(2): 271-290.
JAEKYU C, GILSOO K, TAEKYOUNG K, et al. A distributed node
scheduling protocol considering sensing coverage in wireless sensor
networks[A]. |EEE 66th Vehicular Technology Conference[C]. Bal-
timore, MD, 2007. 352-356.

TIAN D, GEORGANAS N. Location and calculation-free node-
scheduling schemes in large wireless sensor networks[J). Ad Hoc
Networks, 2004, 2(1): 65-85.

GAO Y, WU K, LI F. Analysis on the redundancy of wireless sensor
networks[A]. Proceedings of the 2nd ACM International Conference
on Wireless Sensor Networks and Applications[C]. San Diego, CA,
USA, 2003. 108 - 114.

ZHANG M, CHAN M, CHOON A A. Coverage protocol for wireless
sensor networks using distance estimates/A]. The 4th Annual IEEE
Communications Society Conference on Sensor, Mesh and Ad Hoc
Communications and Networks (SECON '07)[C]. San Diego, CA,
USA, 2007. 183-192.

JANG S F, YANG, M H. An enhanced perimeter coverage based
density control algorithm for wireless sensor network[A]. Third Inter-
national Conference on Wireless and Mobile Communications
(ICWMC '07)[C]. Guadeloupe, French Caribbean, 2007.79-79.
GAOY,WUK, LI F, et al. Lightweight deployment-aware scheduling
for wireless sensor networks[J]. Mobile Networks and Applications,

(13]

[14]

2005, 10(6): 837-852.

CHEN J, YU F Q. A location independent and coverage efficient
protocol for wireless sensor networks[A]. |EEE International Confer-
ence on Integration Technology(ICIT '07)[C]. Shenzhen, China, 2007.
751-755.

BEJERANO Y. Simple and efficient k-coverage verification without
location information[A]. The 27th Conference on Computer Commu-
nications (INFOCOM'’ 08)[C]. Phoenix, AZ, 2008. 291-295.

EEEIT:

L& (1983-) , L&, WA,
T IS R A I 2R, R ZERIESTT ) To sk
RIS W 2% Fh AN o

WNAEE (1963-) , L, TTIHERA,
RS 2T L . LA
Ul SR, =L ST 5 1) D JC 2 A Jai R 4%
TRV AR5 Hh R AME B 224

Fiwfr (1943 , B, wEAEA,
DN N N e e o~ TS B )
T WA THENUR A THENUEE B R 742
TLAL B L. B3l agent HiAR%E,

HiBF (1981 , B, wmE=WA,
T, RIS BN, EERR A
ToL AR AR P4t VSRR T A R
AR B 24,



