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Lifetime maximization for delay constraint
connected target coverage

LIANG Junbin'?, LIU Ming’

(1.School of Computer and Electronic Information, Guangxi University, Nanning 530004, China; 2. School of Information Science and
Engineering, Central South University, Changsha 410083, China)

Abstract: The issue of guarantying the QoS (target coverage, network connectivity, etc.), and simultaneously
maximizing the lifetime in wireless sensor network is a hot topic, yet difficult subject of study. In some delay-sensi-
tive sensor networks, sensors must transmit data to sink-node within a limited time in order to monitor the critical
physical environment (fires, explosions, etc.). To study connected target coverage in such delay-sensitive sensor
networks, we propose to examine the delay-constraint connected target coverage ( DCCTC) problem. The study,
specifically, includes of; 1) modelling DCCTC problem as a Height Limited Maximum Cover Tree ( HLMCT) prob-
lem and proving it is NP-complete 2) developping a fast heuristic algorithm, named HLCWGC ( height-limited com-
munication weighted greedy cover) to solve the HLMCT problem. Simulation results and theoretical researches show
that HLCWGC algorithm is better than the existing algorithms in the delay-constraint sensor networks.
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TEX 1 I A 2 R Y % T8 H bR B 1] ( de-
lay-constraint connected target coverage problem, DC-
CTC).
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DCCTC [n) e AE R uE B An gk 78 23 S i aTHE
Q] 38 25 1R BT A AR/ R R A, 4815 4 1 I
ZETHHE , DI e KA 19 45 A i JEL 00 e v, E A 5
ST AR TR (0 H AR TE 20— AN S AR 2 42
DA 5 SIE RS 24 SRS s ) B0 5 T AR A B
kel Z BN BT A B[] PY % 3 Sink.

EX 2 FEEMEE (MCT).

WE— NI G=(V,E) R 5 R0 16 fe &
Ey(s), BB —RHNAW T(7,),T(7,),...,
T(r) MENTARAERE 7,7y, oo, 7, (EAF R4
AW L kAL

W R BECE LR A

X
max L = ZTi;
i=1

s.t.ﬁE(s,T(’ri)) < E)(s),Vs e S

FT(r)=(S(7)US.(7),E(7)) FRIEBRAE
IFIE] 7 PAAE) A ) g B A2 BRI AR, 7 () BORRPE AT
1) BARIE Sink 99 585 2) B B I 502 01 57 RAE R Y
F3) B B E DS AN S

FE T(r) AT A R I RER AL Sy
E(s,T(1)) =
eB(t) +e, B(t),s € S(7) and s ¢ S,(7);
(eyue +€)B(T)D(s,T(1)),s ¢ S(7) and s € S.(7);
eB(t) +e, B(T) +

(€ T€)B(T)D(s,T(7)), s € S(1) NS(7);
0,s ¢ S(7) and s & S,(7).

AT (r) ACRTEBAR R ) 7 A ) — BRAR,
B(r) IRERIEEAE ] 7 Y1 fR AR B I B (2 1Y
Bri e, Fl e, o3 HIFTRIBFNFIME f 1 bicklcdE 1Y BE

€ B/ 1 UK ILRERE (e, =€ =€, +b - dg,/H\EFﬁﬁ
s R A s JEBECTS Ad f s 2 WO
B o RN T e M b SR H D (s, T(7))
FR T s 18 T(r) RIS AT AL

FEX 3 PR 5 )8 (height limited max-
imum cover tree problem , HLMCT).

BE—NAME G=(V,E) S KWm H AT
MBI RER £, (s) , i $0 3] — F 50 & B IR E Ny
H B T(r)) ,T(7,) ..., T(7,) FIENTHIERAERS ]

(AR B I DRGNS SN
IR AR R

X
max L = ZTi;
i=1

st. Y E(s,T(r)) < Ey(s), Vs € S;

Height(T(7,)) < H,1 <i < .

FEHE 1 HLMCT [A]#2& NP-Complete 1.

IER RSH MCT ) & 8% B & H = ol
HLMCT f4— 45, MSC 3] SRR R & H =1
I HLMCT 4 — A 45 0. AR 4 29 s S w0 oy
MCT [7] 8 Fil MSC [7] 8 & NP-Complete [, I LA
HLMCT /& NP-Complete fY.3E5E.

2 MEAXMEREFEEZEXREE
ARSCBE T — A IV {7 0 5 5 B e A

£ ( height-limited communication weighted greedy
cover, HLCWGC) R fifft HLMCT [ B,
2.1 HLCWGC &k

HLCWGC R 2 A28 A S80S PR
FFRAEMSIA] 7, 285 P15 B A 4y th — 2R 91 15 B 52 KR
BB T, ,T,, -, T,

TR T B e R — ST
S, HAFTE AT SR, S, IAFIE T s P AR AL 5 H AR
TRES P, MRS A s R ARES v, N
T RTE HLMWCT 5535 P Y B ARAE, W (s) 719 5 s
DTk, s e S, ,R(s,T) NTER T 5 5 s 2 Sink R
M R(s,T)= (s, s,,*,R);

R(s,T)H R(s,T) FBR T U A s FZ 5 R HLC-
WGC LR AT

1)S,=5,8. = ,x=1;

2)for each s € S, ;

3)E (s)=Ey(s);

4)if P,#,S,=S,U | s} ;end if;

5)end for

6)while U _P =P and S,#{J,

7)phase 1:

8)for each link (s,,s;) w, =e,;xE,(s;)/E, (s,);
end for

9) Build a tree with HLSPT algorithm

10) phase 2.

11)S,=0,P' =D, T, =D ,r . =7;

12 while P'£P,

13) Find a sensor s with max profit W(s" )

14)S' =S Uls"}, P=P UP.,

15) for each s EI_?(S* ,T.)

16) w,=w +(e,, +e, )B(7T)*xw /E (s)
17) end for

18) end while

19) phase 3
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20)for each se S, T,=T,UR(s,T,) ; end for
. E(s)

21)for each s e T, ,7 =min( T, ,mn)

22)for each se T ,E (s)=E.(s)-E(s,T.(7));
end for

23) Remove some nodes and edges according to
Rule 1; x =x+1;

24) end while

1) ~5) BRIk 2 S AR
B WAL TAE B R r R RE i B H R hE
AR VISR RGBT R] 7, A9 759 550 SR RE 1ty
F TETIRLE AR BE B A, (H 2 d/ DR BORE Y H Y
T IACRIIE 7 A 70 1 g S5 4 e A 45 A
L1 1 05 T K (1 = R E 1 1) ST e W N R B
BRI, 2% P& TP SRR A RO 1

B R A A I ]

: . EGs)
T, = mln(T,Eriljy;(E%‘(T,Tk)T) ).

VR B R S R AL 5 3 NI B 1
B 1ABBT) ~9) — BRI E A AR T R R RE R
AR BR R 3 5 55 2 BB 10) ~ 18) 47, Bk
ARSI SORBI G T A 1 B AR 56 3 BrBa9) ~
22) BB M A RE R

TES 1 BB, 50 W 2% vh B 25 1] 1 AR,
FCAA 1034 (s, s, ) BRI A

e’ij X E,(s;)
i T E.(s;)

TR —ERER v OB AL, PR R A R0 4% oA
H—i e /N FR 55 #% J& NP-Complete F. BT LA 42
T —ANE R R R 1 /U B R e B, FRE
153 ) B/ VEUELAR A 3 55 (HLSPT ) Bk B 35
EIR [T R TR A B AR A

Construct a minimum communication weight tree

1) for each node s do:

Level(s)=0;dad(s)=0;dadl(s)= 0;hops(s)=
0;W(s)=0;Status(s)= “offtree” ;visited=0;

2)for each edge(s,R) € G do;

3)Level(s) =1; dad(s)=s;

W(s)=W;,(s,u) ;Status(s)= “fringe” ;

4)end

5) while there is at least one “fringe” status node
in G do;

6) select a fringe node v with the smallest weight
among all “fringe” nodes;

7)Status(v) = “intree” ;

8)for each edge(u,v) €G do;

9)if Status (u)= “fringe” and Level (v) +1<H
and W(v)>W(u)+ W,(u,v) then

10) Level (u) = Level (v) + 1; Status (u) =
“fringe” ; dad(u)= v; W(v)= W(u)+ W, (u,v);

11)end if

12)if Status(u )= “offtree” and Level(v)+1<H
then

13) Level (u) = Level (v) +1; Status (u) =
“fringe” ; dad(u)= v; W(v)= W(u)+W,(u,v);

14)end if

15) end for

16) end while

17) Queue Q; Stack S,; EnQueue (Q, R);
hops(R)=0;dadl (R)= —1; visisted(R)=1;

18) While not Empty( Q)

19)v= DeQueue( Q) ;

20) for each edge(u,v) € G do;

21)if visited(u)= 0 then

22)EnQueue( Q,u); hops(u)=hops(v)+1;
dadl(u)=v; visited(u)=1;

23)else if W(v) +W;(u,v) <W(dadl(v)) +
W,(u,dadl(v)) and hops(u)>hops(v) then

24)dadl (u)=v;

25)end if

26)end for

27) end while

28) for each node u such that Status (u) = “off-
tree” do

29)dad(u)=dadl(u); v=dadl(u); PushStack
(Sp,u);

30) while dad1(v) #-1 do;

31)if Level(v) +hops(u)—hops(v) <H then

32) break;

33)else

34)dad (v) = dadl (v) ; PushStack (S,,v); v=
dadl(v) ;

35)end if;

36) end while

37) while not EmptyStack (S, )

38) x =popStack (S, ) y=dad(x) ;
W(y)+ Wi(x,y);

39) end while

40) end for

TS 2 BB, 2R FH 00 28 SR W e JBORF 07 A4 74 i 7

W(x) =
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A 1P -P NP RRAE T 5 s (19 SRV Rl i 3%
AR IR AARIEE G w, TR s BURUE, A
R(s,T) PR A B AUE Z FL AR5 Bk iR 2 e U T
B RBUELRY 1Y 3 (13) SR 36 H AR B2 A 19 H b
g F S| O W S s (B P
TG B4 R(s, T) LB s BB B AT AR AL
{E (5% 16)17).

TERE 3 [ BE, SRk A 15 S LA R (s,
T) AR T F [ A AR B 2 5 B 264 45 )

PNTE=X

He =,
2.2 REMS/NMUERIGISE X (HLSPT) it
R A R R N 1 A EA A G
S — M/ MUER T HAZM T &L Sink R, DU
Kl G T B A R S 1T AR E TP
B 1) ~ ) AT REIE IR At AR X R
M ou IR T EER T IR Level (u) SCHET
Modad (w) 1S BEARAUE W (w) 19 A R/
B hops (uw) 19 S AERS H HIRAS Status (u) (19 S5 7E B
NIRRT AL dadl (u).

5 O d
Bl RERERE
Fig.1 Illustration of a height-limited tree

B 5) ~16) 1717 8 Dijkstra 8035 | 4 i8 —BRBR
o AR/ MAUE R, (EE X AR IE A 2K 6 92
B, DTSy i R TR S Sink BEAT ML HIT, (H
TEDS Dijkstra kAN LI 7E & 1
W d BIRFTUAPIBKER 12 (d,r ,R) B35 R (HZER
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ARECd LS, -, S, R) B TR BRI, T LA d A
RERMAZI(S, S, R) HUREHAE(d,S, .S, R ).

BENT) ~2T) AT T — A EAE SR A S Q
Xt G #4728 D7, dadl (w) RRTET & u 7E
JZ 3 D H A AC S T S, hops (w) FR78 T 05 uw BEE

Sink [ f5/MIEEL

Y% 28) ~40) 47, BN EA) Dijkstra 851517
JEATHSR A« offree™ RS I 19 45, i & X F- 38— 4%
8 ML IR 7o P e /N AR B A2 23K Sinke, I 5T SRR % T
SR RUE. L 29) ~36) 17, “ offiree ™ IR 7S
BA)T s, TR — A% B v 0 /N IR B A% 50 %
2 FY s push B —SHERR L B 37) ~39) 17,
TR AR RN Y s AU

3 WREERGERN
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R BT R T p, AFR A i 4 T 7 1
5 HLCWGC ARl HLMSC _SPT 45 A5 R kL 3%k
A3 o fre /N AR AL B B Sink, {HUE SR B —Fp 97 4%
SEmg S YEHU IR 5 5. HLMSC-EWARE & % [ 4iF [} 24
FG I MSC B9k, (i s AR e ms ) sk BOUR 4y o5, (5
2R B HLSPT 55036 A B iy IR =g AR A% i K B 7
A 4% e IR S0 o D 28 A= i JRL I 2 S PPAN AR T PEA
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FE 100 mx100 m AYXIRP , Sink 5 5407 F XA HL.

T8 1 JE HLCWGC BiES 1 ER. &
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Fig.2 The relationship of HLCWGC algorithm’ s life-

time with =
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Fig.3 Comparison when the delay of network is 20

ME 3 AT LIRS H R 20 LR AUET,
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R 1) 28 SiE B 4 225 7t K T HLCWGC Fl HLMSC-
EWARE 5. i F HLCWGC fl HLMSC-EWARE %5
BRI AR 59 HLSPT B892 4k b, i — A [a) 1

SETEBCIE T S AN, BT L HLCWGC B

77 A B A e R R RS SOR T HLMSC-EWARE 5
% R ZT KT HLMSC-SPT 3.7k,

SR B E I EK I LT H=10 1 5 B 7551 1
R E 4 FEl S,

x 10’
6[ —— CWGC

| ——HLCWGC
—*—HLMSC-EWARE
4t —S—HLMSC-SPT

o0 225 A= i Jo 401

0 1 )
40 60 80 100 120 140
i A

(a) P25 A= i 39
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I 2 B KAEIR /s

9060 80 100 120 140
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Fig.4 Comparison when the delay of network is 10
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Fig.5 Comparison when the delay of network is 5

NI 4 FE 5 ] DL BI7E ) 2% i SE 24 3y
10 15 BT, HLCWGC Bk 4E 1 1 A i J 1 4
B, HLMSC-EWARE F1 HLMSC-SPT 47| 78 M 4%
T KAERT J5 18 CWGC 553 Y e I B A X F A
Bkm S 2 T B KW, HLCWGC #l HLMSC-
EWARE 19 % £& £z K SE I} 254 2, HLMSC-SPT %) %iE
At E5e /0N (LR T 14 D) 28 A i ] 1 e /N Y.

4 #EARE

BT HERURE A O A% R I 28 T, B 1 Tl
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2013 6th International Symposium on
Computational Intelligence and Design

Dear colleagues and friends

2013 6th International Symposium on Computational Intelligence and Design (ISCID2013) will take place in Hangzhou,

China, between 28—29 October, 2013. This symposium provides an idea-exchange and discussion platform for the world’

s engineers and academia to share cutting-edge information, address the hottest issue in computational intelligence and de-

sign, explore new technologies, exchange and build upon ideas. We’ re certain you will find the city of Hangzhou and the

surrounding area to be most pleasant and it will be our distinct pleasure to welcome each of you to the ISCID in October

2013.
Publication

The proceedings of ISCID2013 will be published by IEEE Computer Society Conference Service Publishing ( CPS) , and
indexed by EI. All proceedings of ISCID2008—2012 have been indexed by EI, and included in the digital libraries ( CS-

DL, IEEE Xplore, IEEE IEL).

Sponsors

Zhejiang University, China

University of Bristol, UK

IEEE Nanjing Compuational Intelligence Chapter ( Technical co-sponsor)
Tsinghua University, China

Zhejiang Sci-Tech University, China

Important dates

Deadline for paper submission; June 11 (extended to) July 1, 2013

Notification of acceptance/rejection; July 8, 2013

Camera-ready and early registration: July 15, 2013

Conference ; 28—29 October, 2013

Contact person

If you have any inquiries regarding registration or your registration status, please contact
Linna Zhu ( Zhejiang University, China)

Affiliation; College of Computer Science at Zhejiang University, Hangzhou, China
Phone : +86-15068186792

E-mail ; iscid2013@ gmail.com

Website ; http ://iukm.zju.edu.cn/iscid/index. html



