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Abstract: In a multi-hop wireless sensor network (WSN), the sensors closest to the sink tend to deplete their
energy faster than other sensors, which is known as an energy hole around the sink. No more data can be delivered
to the sink after an energy hole appears, while a considerable amount of energy is wasted and the network lifetime
ends prematurely. This paper investigates the energy hole problem, and based on the improved corona model with
levels, it concludes that the assignment of transmission ranges of nodes in different coronas is an effective approach
for achieving energy-efficient network. It proves that the optimal transmission ranges for all areas is a
multi-objective optimization problem (MOP), which is NP hard. The paper proposes an ACO (ant colony
optimization)-based distributed algorithm to prolong the network lifetime, which can help nodes in different areas to
adaptively find approximate optimal transmission range based on the node distribution. Furthermore, the simulation
results indicate that the network lifetime under this solution approximates to that using the optimal list. Compared
with existing algorithms, this ACO-based algorithm can not only make the network lifetime be extended more than
two times longer, but also have good performance in the non-uniform node distribution.

Key words: WSN (wireless sensor network); energy hole problem; network lifetime; MOP (multi-objective

optimization problem); NP hard; ACO (ant colony optimization)
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32 ETHEAMUMEZRREMIERFTI(AASTRL)

AASTRL S el T PRI (1) IE R I F,, EAT T ST A5 sink 5 18 3);(2) 8 UL B,
EATE Y IE R CRIE sink B bR 2 0 8 A s .

B C Ik Hy AHRERAT T 3 N En 45K (I 7 Firow):

(1) F A A P BLAZ AR B i N R e s L R R AR Ry RoR BA i ARSI S (K34 (i) LA R
(pheromone), it i i A mUHIY 5 Do H RS 5 DA =iy 3 G,r) B0 645 S 38 00 A% PR A A IS T Py
LA j b A i s ik A O™ AR RO ) ECR R3] 55, HY

1 1

7, (0)= = - (22)
§ W0 LIB+ By(xd)"]
Transmission range
1 2 k
Pi Pia Pix
. Cea ... |
Cs Co e
ransmission range
C 1 2 k
G ) w | m [ . [
G G
Sink o
na
i+1 it2 i
Tl
Fig.6 Optimal spanning tree Fig.7 Node structures
K6 e o K7 g

BERG Ar WA B D B UE RR S 5 R AR RBORREC T SA R R B AR g
ML T B AR I BE ), A
t, <1, -1, ye(0]] (23)
(2) FET AL R R B R T, AN R A% a0 201 PR 3. T, PP SCT 3R € R 3R SRR e 435 R o0
TALYEE R j, T R A7 T SEMEZEAE Py 1 AR S 5 24 07 190 2% PR 85 b A% B 20 AR08 25 P 1 I it 70 A,
T 5L R e R R T 1) B ) A 1A A, A A 11 R 3 206 A

Zk:P” =1ie[lm] (24)

(3) 4145 BT 12 56 7 A 0 R A1 5 37 545 (per node traffic load), i L, %75 Lo i R AR IR 5 j
SINER R A2 A o 1046 TR 00— B A o 75 3 4 02 0y — S R ) 4, 46 S B = 2 1 2k
PR, I L UM 40005 85 6 B B R AR 7= A H 48 sink, BCRHA h A SRUER  IR FF 1 Ak
B IR Crog,Cragennns G HIBCHE, AR AN H SRALIE IR Sk H HSRERS 203 HUAPIR Crag,Crrg..n G M HAE AT 01
SIS, BV Lions Lo L B 25 5B 2R K H AT v SUBI TR0 g 0PSB o B3 B F —
B Sk L2 BT 28 R 5 AR B path= {1y 2,y 3L jnsmi, AR REH Loy Lijas oo Logne BUHE F6 3K H, DAAE
YR o o R g, Y AR ECR {1, 1 o 5 T AT IS A1) L, SR 7 5

W,-=l[ﬂl+ﬂz(ud)“]+{zv: 2 Li,,-y]'l[ﬂﬁﬂz(ud)”ﬂs] (25)

J=1 jyepath;
W A R A T 20 Rk S ST A
(1) BEREAL I 0], B0 s A — HOE R I F,,, 51 sink H 2. 1T fia W 50485 i 5 3 30 A4k A 1) ) B3
AL T LA AT 38 0 11 7 5 57 2 A A TR0 P 2 S s (9 s 0 gl e A 053 ) i s o D == 1 LA s e B

© EERERSEITON  hipy www. jos. org. cn



KA 5 T BEMACAR A B 35 ) 44 84 5 B3R 9] 2L 2737

S AL 1 IE TR HP IR OO0 AT L A 3 L 4D T4 At T DA 2L AN T T

(2) fEmm sink f 2 AR A WU ORAE T H A0 BB AE A0 50 R (1) ECR {H. MY g W4 54N 15 A1 (1715 A
r R ) ECR 8 #6 lE A LR 12 4% Si(g) .

(3) TEAFANNT S b, A W SR TT LR IK R B U7 100 3k 1 P BRSK T s  BE LI B T — AN R Y A
ST AR AR RV )i, AR S AT A A b a8 0 FEAH AW i ¢ /AT — 3 P s Py it AR R B
BE T AR R FE 7 RE ARy v AR R, R S Ay BT 10 N AR S BE RS (B o A A ):

T:j”ib,j

=— )
Z (T;flﬂi,j)
=

Herba M b RPN ZHLEAN T AR E T AR B F AR S A5 B RIA 520 . D o T AT 5 IS K 55 (R A
BB N5 IR, BT ELE AT B A2 b A 2 A [l

(4) ik sink J&5, 1F [0 W50, B8 A2 08 00— AN 1 L B, €4 B TR B IZHE B 45 1 1) W8, i 5 K
HMIBS.

(5) 0 Ji) UL B, AT 3 P 6 A2 L R EE X I 1 T 1) 58056 e A ) (LR AT 338 A6 7 i) 00 T A s 308 1) 3 5 0 ik
BEAR TR AT I A SR AR SR ER A g B AN A T B €, AT A S A S 4, R R e TR A S
DR A 328 1 ) B SO B B A5 UG BE T AR 5 B 3% 1 R 5 X I O ) SOl AR (L 220 1) 45N A 1) ECR 2
V151 5, B

(26)

i

1
Ar=- =— 27
. @7

(i) path
(6) MAHAR T st £ BIIKTT £ r J5 390 1) WS B 30 (r f) 1455 R 3R
Trtrepy < Trprpy TAT, (r,f)e pathg (28)

B DI S o (B B AT A5 1055 S5 232 M0 (R0 P AR A A 9k > A A5 J 3%, M 5837 86 1 3 T,
X P BE I 7 ¥ e L 1) 0 A 7 5ot S R ) i R 0 e TR (R VA 2 I 2 T8 AT SE AR AR IR 8] 20 S5, BR G (FIER
Sk H, R0 L6 28 T, 30 B0 M0 0 00 K 110 A S 20 41 Ay 2% AR 10 P i B 8, 300 60 S 19 BT A7 4% s, AT A 52 77 34 Y
LRI i 2 7 5.

EI 2. {E AASTRL Sk R b i3k H 7= 2R iy 3 m 2 2 0 0 ML

JERF S A R T bl A AR s Kk U L. D B A I ) B PR A LI i
P PR USRS 2 — b B R A B EE B R 1AL, I A et IR R i-1)- A L (-1 AN WER B3 — H il H R
S, b H E AR s AN R A P 3T U P AR A

T B AIEVEE B H 7 A RS s B AN BB i | R R s B R R H i
A IS C; BN Cy 1 B 328 90 85 4 (i=1) Bk, IR 0, v 77 A T ) o A o P A 1 e A B T8 4 (- 1) A TR 4 AT
TN ZITEA R bl H, P AR R AR R TR N T 0,A,2A .. (i—1)-A¢ 3X i Pl 0 AR A T B S @t ) b i A,
FEAE IS B AT I, EL e, MR 0 2 S, A DA S A AT TR S R [ 1, 4 ) 0K S
TE Rl — W5 )t A 7= A )3 5 B30 v e 1R A B A S T) 45 B S A — LBt 1) siimke ) e P42 SR 7 J . BT L i 70
THE. O

TEIB 3. AASTRL S3E RN 6] 52 AR FE 1Rk O(Nphkem®), Herfr Ny Ay S35 0 IRk i) 1) 88 2 .

B m ARk B 2 FOA s DR bk, 78 B TR (Rl B A P, S00E B TR 248 B B BR A O(k-2), T 38N B3 () 1 1) R
R ERA OWNrkz). O
TS z (9 BR AR 2 2 2 AT M B H P AR s g A 2 Ok L R e R L 2 1 R R

Bz =1+ 24tm :w LA S 7K I 1 52 7 B E W O(Npokem?).

© EERERSEITON  hipy www. jos. org. cn



2738 Journal of Software ¥ 33k Vol.20, No.10, October 2009

4 {FEXE

BT 2 WA RN A S 1) AASTRL STy AT 47 B SZ06 . % [E PRl s A s 00 (1) 3950710 4
A3 AT 25 H IR AE AT AR Hb (A R R AR R 14);(2) YIS WML 5 20 A1, 3% 28 P9 1 5 0 A1 IR 5 2 AH 1R 19 (AR [R)
IR A A AR AL
41 FERE

PIHSHMNAR LA SAAIIRRE B () 50J; A% B 5 sl i B K ARSI E 25 (e) 4 20m; Rl 73 B K A%
PR Y T A R () g 4y R A ST SRR b A R S SN (L) hy 4% 10 bits; 15 143 A 55 Ay 51 K

Table 1  Simulation parameters
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Fig.8 Probabilities variation of different transmission range of each corona in 12 coronas
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Fig.9 Network lifetime and average residual energy ratios of different algorithms
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