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Abstract Coverage is one essential task in sensor deployment for the design of wireless sensor networks. This paper
mainly focused on solving k-coverage under the case that the sensor nodes are deployed in randomly. A Reuleaux trian-
gle-based k-coverage algorithm(RTCA) was proposed to ensure that coverage can satisfy the requirement of network.
By slicing the sensing range of sensor into six overlapping Reuleaux triangle with same length, the RTCA algorithm can
judge whether the region is k-covered. The simulation results show that RTCA algorithm can reduce the total number of

active sensors and satisfy the requirement of coverage, which can improve the energy efficiency of sensor nodes. This al-

gorithm can be applied in k-coverage of heterogeneous sensor networks in future.

Keywords Wireless sensor network, k-coverage, Reuleaux triangle

ToLRAL B 25 P 2% (Wireless Sensor Network, WSN) &£ i
KREANBARAE B BVAL TR GE 1 A ) iR R
. BRBERBLEEREMNENEECHEARAZ — AF
FE AL A Ty % S FEEATIZ BN AR
XS AR Z N T, MR R AR X, U IEF R
AR R AN FRI T it s 1) R

H [ TR AL R P48 1 — A B Rk m) R, 2
FER P () R S — A R TE N 4R 5 Y PR A AR 4
AR B AR E SRR R 0 BRI TE B 5 A A
FETE T R BEAR T T » Q0] 981 B2 RURAS DA 48 Y 445 0 i
FRE 4R 0 A A7 R] . B 2R A D I R R U 5 R R 1Y
LT 0] BRAE {00 B A R 28 I 45 LUSE /DO RE B AL R
T 25 7 B W T X 3R H R

1 HBxIE

e B B U7 A O AR IR R4 & O R T
R4y e B RBEALE B R A . Y 4 B

TR H #1.:2010-02-23  #21& H #1.2010-04-30

R I EL I X SR A A S AF T LG8 R 0 R P 3 T R R
B A, HALE R LGB AT ORI R E AL
B TS L e R 1 77 50K B0 9 4% B i 4 45 07 T I 5K
FARL > IR ToH: AN T35 77 2R AR 9 i B S Gl
% TRUIBEHUG 7T S OR B E SR 1A . B TR AT
R P AALCERE A R BT
TR B L T R ROk T s TR M, DR ey 4
il 4% 7 o R SR R . RIS AR R AE AT O T I
TE AR HEE I KT £ EE R R R k B
B AR

PRI » BEBIL AR B (R JE 2 A% s 190 245 ) 25 1) R ALK — A
R EEG R, £ A LB 23X —FERAF T —E H8t
5o W THEPLERE W LR AL RS M4l R E KRB NG
B, NTRE Y AMRRANBCR. A LEETY R
Y B RE VR B » BV RIE 10 26 5 o B BOR B A48 T ik — 4y
AL TR, BRI A AKBORES . B,
FAEMB AL, IR A BB E RN E .

AR SCR BIH AR SRS (2009103025, 107 f9 AR B B 26 35 4: 701 B (091037 A0 ¥ ).

A RCL979—), B W44, L BHFSS 5 1) T 2R A5 RS R 45 0 S AGE TS L Frmail: lylg, sunl977@ 163, com; IVEF (1977 ), B @i+, Pl &+

BERFET 1) R LR RO P LR 1
. 66 o



BB UL (CCPYY TR A S0 RERAL B A5 Bk
W A HRE 48 1 B BE 5 4 3 K T T ROIR 5 3F
EUAR X G AT W A3 M 35 39 A 0K 0 U BROR AR T 39
AERR. ZOCEH] T MR SRS M H B FEE AT
BUE S TR R 2 RS, WUR 4% | RERE 3R 4 I T I
DR 30, AR A% X B8P R 245 L R B . IR R T £
BER 5, M LI R 2 B R 2R . (BRI 2
FICRM TR AT GRS AN B E R ER O
(N*),

SCRRC4 B H — o 1% IR 25 ) 24 v BEMLAG S80S S B0 T 1Y
T8 35 RN S AR AL (SCCP) 38 12 AR R W] LUTH AR R AR
178 55 55 3430 R EOR T B B L AT o, ST R
HRHAR IR B (IR SOF R BB S MK A 5 N ISR M.
SCERLS 4R T —F7E A RLE E ¥ S EmE R LLER LT
SCH 5 4 7 AN 2 B SE B0 AR IR T B 7 LI T IR
ISIIE YT B R T R AR E I — D LU B R R X
SO R R R Y SR S

ASCRR T — AR R B8 = AIERHE M4 k R R
Bk, HEABER ERYLET SER T 8T AL
VI B 5% F A 3 8 9 = AR L i R P EE LA e i e ) W
KRB A k BB R AR SBR[
ARG R SRR LW R —EE K2R
A AE T AT RLORIE Y 28 19 i3 Z (W] B SE il . SRS
CCP S L » A SCAT R A 52 FH & 98 = A IE R HE M 4% k JE
TR0 J7 AR VB PRI B B0 AR ARG 3 A KRR
FRE T AR OL T 0 4% B R 1 UL

2 WMEBBRIFNE A TE X

2.1 MERE

ACE LRI T U T EAMBB . H—, DRGSR R
P 10 55 220 0 SR80 A TR R B8] R AR BV 5 3 ) AR B Y
AR 2 RE0R 58 =, M P RLAE R TR R,
BV A A0 FER 7 9 R — R AL BT Y R BB (VR B A R —
B 2L B AR T A AE A SRR EF R
Chns i R P L BTE A

2.2 BAEX
EX T X As B0 s, B AT X As, PHE—
Hp BTEN AUs BB SR Z Py, B
Asi={pld(p,(z,))<R,,i€[1,n]} (D
Kb d AR Z AR EE 2 . R, B B RN 2 A2 1
TREE.

X2 kBRI A, BRI £ A
BB SRR 1 A, € As, 3 1<e<n,

3 kK EBEHMHTSE

Sy T A 28 T T 1% IR 0 T 2 O, oA T — A
n 8 9 = FJE (Reuleaux Triangle)™ iy JL Ao [ i LA 45
B — A R A8 k PR, HPFgt BAEUR @
PR 2454 g T ST 25 WU X, DBt B F Hlelly 52 280 5k
EBA WG R K EE S,

BT U S AR AT YR, D=4
T 3 S 2 1 i [P 41 10 1 2 38 SUIK S8R, 40 1 1 BT AR

P B R £ DX SR R R S0 = A B BT L B 0B = AT .

Bl kR R WBIE=MIE

Helly £18 {BOE X, X, X, 2R M— AR T4
B d B 1 A TFRAER dH A THRBK
SR N2 I AEAN AT A REZSE W) X, # 0.

HRAR Helly 30, AT LIS EITE 23 TOUF , 24 HALSX o
AR RERE 3 B B SR Sy, W & A 1022
RR—EZE . WA 2 FOR R Helly i M7E = 4 F
B — AR EFRAE n=4,d =2 WU & LA EJE A
SEFIIE IR T 3 e

B2 Helly @ 378 — 4 ¥ i L i 5l +

R LA e B B T LA R A X ke BETY
RERRTE RN,

Wit 1 A3 T BRAMERRKAN R H&K =
MIERBEAET b MIFRT AL IBAX XD k EHE.

TEREDLIS B AL AR 19 AR OL T ol T 08 0 248 455 00 X3
R 53 BRI AR SR B B 1 = AR R RO, BRATT AT A i
IR SRR B 6 MR K R, 5 KOs AT
B, X PIA AR B9 484 10 = M TR B R B
AN = AE AR X OB R T — Bk B Y i Y
DX, RATTHR Z AU B3R, an Bl 3 BT/ o IR X SR
HIPEE =MIE 5P KA . £ T m#a, 8
2o 6 A ORI X A LA R AU A s SC DX 30 e B = A
WiTk.

RRH K

R AN

B3 WS A TR BT R XGIOE X

Bt 2 WRAE AW B Z AT IR R IO X 5
PIAFFE b IEERT AL AR AKX BT BR T i B o [EBE 25 X M0
ME® =AE X

HER : B T T IOE KA e W R EET AL S
XA EE ZAEHRIERAZANEERAISKT R, W
X EANMERT AR SR A XK. R,

IRYEHES 2, ATLH WA — MR R G k EEER

. 67 o



FEor A

BT 7 k=3 1EOLT B0 7E 0 45 e DX M AE B30
Hr MSIEAEMSRL KN R, MSIEXE, BB,
TERE AT KN AFTE kA A0 T 306 BROR A 1 1% B8R 15 5,
ARAZA K k RGN GXRE) R RMNE R =ATEH
I =M RV SRR B )

TIEA - 1B RE IO 2% 1) eI I Bl R iy LR 22 I T SR X
P B — A5 TE RS X X T XA XA HE B S e AF
FE— AR S B4R S X AN 5 T8 BT TR B WUIOE X 488 47
TE b DERY AL BN SBHEK N R XIGLE XA
MAERE— T R SX P B IR ETTE I &% = A8 B BRI B
A R IATER T AHBHE T =ZMIP A AE—RH 2
DR RS, R, MR XA H e S EEH
WS k B IR A KR k EE . R,

Wi 3 7R =3 UL T RS T AU S AR R

SRR R, B A e >3 14— R k

TG RAS M4 RER R UETY 53 Z (A9 1

UERH AT B 3 AT L H A S R E B 1% = B
B ATL A 22 T B SR i DC R I3 4

MRYEHER 3, 277 058 27 2 W I DI, B RE A R AE 7Y
S B .

4 RTCA &%

X B Y RTCABEMNE. I TEEN A
FIRER R B e 5 AR sUR SRS .
4.1 HREVARSE

T HEREHTTHMNEEE, 7 LUK W% KA Rt E .
TEAE— B2, P 2% o 45 R 17 AL FER AR L T AITS R 3 Aotk
AH—R, X 3FREHE XUT RS RBRBCRE 15
BRETEAREASHEWAEGH AL ERMERANKE
B, T A RE O SR A 2 5 40 B TR 28 DA B RO 4R B 17
TR AWAKE 8., 8 RS ROTUTRA AZ RS T M
PR T MR %EN AWAKE M 8. SRS RT SHK—
AT RS, R R . B =R RS R B RS R S
T AR T Y AGE S R IR T B K B R

TERAERIRE BB, 1T A4 TR, P R TIEER
R, AEFHURRES R SR B 15 BRR S AR &
THEER. BOZPTEENCHESERCAEREETE k
EBH BATIEE SR AERRES L4

LW AUTUARTR 45 0 o B R AEY , T DR IE IR R
B RA , FAtit—4 STATUS I B EHSET S AT H
REFER.

TACREZ IR R E 4 R,

S MR WA
AWAKEW &

W RRE M %
¥4 340

B4 BERBYASREZMERXRR
4,2 RTCAE:RME
BT s B 00RO 9 LA AL 2 4 AR 6 1 EE
BREE A LR E T AR AR KN, A 5 B
e (68 -

o ARUEEE 1, AR s BEFLEE A B — A XUE IO X5,
FUNXAXIBRBHN A kERE. RE R R
REERFENTHUBRIL LR RN R ISIE LT XEE X3
P IRAS T M B TR BRR S

5 Wl s RI4r8Y 6 A XGIUE K8

ERHDE, R s TEH TR E W SGE K k8 £ 4>
R RER T R XS R/ NE R T a4 T 5 s AYIRRLE
BR,. RIG, T s X ke D REEEX -1 AWAKE HE,
Y EWELX A AWAKE 5 B, B8O I ORI
—A~ STATUS {§ BB E W . BT A HMEHR
JEYRERTS . RIRE AR AN — AL F (0T T 5 B IR 19 S50 Y I R 2
FERERAE LT YA kK EES RAVWE B SR NE
BRRAE.
TS R G BARE B W RTCA B
Algorithm  Reuleaux Triangle-Based k-Coverage (RT-
CA)
A BT S= i)
EAR I IR A
B SEE k B S M KR BN R G
MRk BT S T BRIRES , HARST AL TR, 1 s Z a1
A EEER.
For each sensor s; €S
PN A s B9 6 D ESIUE K Arc;
For each Arc;
HOH AR s BRBL XA B & EE )
Set itself into Active status;
//VHEE A O HEATRBRRE
Send STATUS message to neighbor nodes;
Ge—s5;3
end if
else
Keep listening status;
end for

end for
5 HEAEEH

S} TPEH RTCA SLpydeae, RATE B TIhEM T ERE
R FEA R ML E S B T a4 IEsRT S EE, U
BT A R B RERT AL AR L . (T E R NS2FI - &,
75 MR B 400m * 400m FYTE TG, FERRIET &

R IR AT SRR B TRl (R AR AL 3 A
Er (kyd)=Erack +Eanp (ko d)

_ ETelerk +€_ﬁ\>d2ky d<do (2)
Eraek+emd'k, dz=d,
ERT (k) :ER~elm‘k (3)

(F3 % 8 1)



[10] Tolle G,Culler D, Design of an Application-cooperative Manage-
ment System for Wireless Sensor Networks[ C] // Second Euro-
pean Workshop on Wircless Sensor Networks (EWSN), Istan-
bul, Turkey, 2005

[11] Ramanathan N,Chang K, Kapur R, et al. Sympathy for the sen-
sor network debugger [ C] // Proc. 3rd ACM Conf, Embedded
Networked Sensor Systems ( SenSys 2005). New York, NY,
USA, 2005

[12] Rost S, Balakrishnan H. Memento: A health monitoring system
for wireless sensor networks[ C] // Proc. 3rd IEEE Communica-
tions Society Conf. Sensor, Mesh and Ad Hoc Communications
and Networks(IEEE SECON 2006). IEEE, Piscataway, NJ, 2006

[13] Ringwald M, Romer K. Deployment of Sensor Networks; Prob-
lems and Passive Inspection[ C]// Fifth Workshop on Intelligent
Solutions in Embedded Systems. 2007:179-192

[14] Dressler F, Nebel R, Awad A. Distributed Passive Monitoring in
Sensor Nerworks[ C] // Proceedings of 26th IEEE Conference on
Computer Communications(IEEE INFOCOM 2007). Demo Ses-
sion, Anchorage, Alaska, USA, 2007

[15] Yuan F,Song W,Peterson N, et al. Lightweight Sensor Network
Management System Design[ C] // Sixth Annual IEEE Interna-
tional Conference on Pervasive Computing and Communica-
tions, 2008:288-293

[16] Ngoc H P, Pediaditakis DD, Boulis A. From Simulation to Real
Deployments in WSN and Back[C] // The 1st IEEE International
Workshop from Theory to Practice in Wireless Sensor Net-
works, Helsinki, Finland, 2007

[177 Polastre J, Szewczyk R, Culler D. Telos : enabling ultra-low power
wireless research[ C] // Fourth International Symposium on In-

formation Processing in Sensor Networks, 2005 ; 364-369

(E#% 68 W)
o, Epae Fll Egenee TR TCER B 2L AR A BEFE s e
F €y 43 TN B P25 [RIRET A1 20 B8 5 084S 8 A i KRR RERE
BHdy BER. HENBESEEERRE 1,
#1 HHESBEGE

s # jiA 5% 1
W % R+ 400 * 400m? ER-clec 50n]/b
8 2000 Emin 0.02]
Rs 25m gk 258
Er-ctec 50n)/b w7 g 60]
efs 10(pJ/b)/m2 I AN 258
€amp 100p)/b/m? 1 # B 5 100ms

5.1 AEMEESEETERTAHETLL

A STE T A 7 AN [ I 465 78 25 B I 1 48 TP s BR T A
SLIGHE,E 6 . FEEMSE RN NEPFRT
MHMBME B M, Big5 CCP BT b, Al LLE BIE
RTSHEMME R4 FREERENTARERBRER
CCP HMU BRI R M BB B b, RIEN % 3 EE
FHENT, FFMES TR SR BMEZEARR, A% M
BRI, R ISR B 2 K XU T RT-
CA B EIE M4 B S5 E RN &R FREE AU &1t
I 44 7 o T MR AR , AT R B O /L A A IRER T A A TR
R

«10°
16 [ e 77”*—‘

14l ‘—RTL‘
| == CCF |

ERE SN é‘]%’(i
g

"‘h
.

4%%5%&6
B 6 NI o 4 7 2 P I PO 4% o 0 BR T s BB X 1

5.2 REEFRBELE

7 SRR T4 3 T B A0 T R Y R AR R
BRET R AR RS HAE B, B AT LU B 38 17 i R 2%
TR BRI AR BRI ) 2 AL T 7R R Wi . 5 CCP By
WML, RTCA S 70 R U W 45 78 5 5 SR 10 IR] Bk I 6 £ BB
BEA, MMIEFTARRE KB R EHE)E , ) RTCA Jik
W4 REf% LA A CCP BMX B4 K9 F 27548 200 RER

o 86 o

BRI RTCA S 701198 W 4% 8 5 B BT BT e/, 3
TR MRERFER D

A HR R

5 6 4108

)
A E(/S)

B 7 PRI AR e R RE e ] e Al bl

GRIE AT REEAS AR k EREZ AL LA,
R TR SR = AR k EEREE. BER
oA IR T R IR B 1 300 T o 4% W ) IX R 2 P RN
FEARHE P27 s BRI AR BE BRI TUAR T U0 1A B AL R T RURPIR
A, LA SR RERACK. THEREZY A XEERARIE
o0 £ 7 2 [ SRR A A R b /0 R BR YT R B R L SRR 4%
BIAEAPITE]  ASCR A — 2 1Y R R LU THI B 5
ML RS R L ER S

s % X #

[1] Bai X,Yun Z,Xuan D, et al. Pattern Mutation in Wireless Sen-
sor Deployment[ C] //Proceedings of INFOCOM-10. 2010

(2] R, P, FRig. —MEE RN AENNLREREME
BB ] SR, 2009, 36(5) 1 39-44

[3] Xing G, Wang X, Zhang Y, et al. Integrated coverage and con-
nectivity configuration for energy conservation in sensor net-
works[ ] ]. ACM Transactions on Sensor Networks (TOSN),
2005,1(1).36-72

[4] Xing X,Wang G,Wu J,et al. Square Region-based Coverage and
Connectivity Probability Model in Wireless Sensor Networks[C] //
Proceedings of CollaborateCom-09. Washington DC, USA, 2009 .
1-8

[5] Bai X,Xuan D, Yun Z,et al. Complete optimal deployment pat-
terns for full-coverage and k-connectivity(ksl6) wireless sensor
networks[ C] // Proceedings of ACM MobiHoc-08. 2008:401-410

[6] Talluri R, Aggarwal J. Mobile Robot Self-Location Using Mod-
el-Image Feature Correspondence( J . IEEE Transactions on Ro-
botics and Automation,1996(1):63-77

[7] http://en. wikipedia. org/wiki/Reuleaux_triangle

[8] Bollobas B. The Art of Mathematics; Coffee Time in Memphis
[M]. Cambridge University Press, 2006

[9] http://www. isi. edu/nsnam/ns/



