ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.21, No.4, April 2010, pp.793-801 http://www.jos.org.cn
doi: 10.3724/SP.J.1001.2010.03509 Tel/Fax: +86-10-62562563
© by Institute of Software, the Chinese Academy of Sciences. All rights reserved.

e R SR 4% th T B 1k B SR B
BUEY FgE?

YRIT R BN 2B Wik JRM 434023)
PO AEL T B THEHURE S TR B F . 215500)

Data Query Protocol Based on Ant Colony Optimization for Wireless Sensor Networks

CUI Yan-Rong**, LI Ke-Qing?

Y(School of Computer Science, Yangtze University, Jingzhou 434023, China)
?(School of Computer Science and Engineering, Changshu Institute of Technology, Changshu 215500, China)

+ Corresponding author: E-mail:icyanr@tom.com, http://www.yangtzeu.edu.cn

Cui YR, Li KQ. Data query protocol based on ant colony optimization for wireless sensor networks. Journal
of Software, 2010,21(4):793-801. http://www:.jos.org.cn/1000-9825/3509.htm

Abstract: ACO (ant colony optimization) can find the optimal path from source nodes to sink nodes in data query
for wireless sensor networks. But once all query tasks and query results are transmitted along the path, the energy of
the path will be exhausted. So this paper puts forward an Energy Balance Data Query Protocol based on Ant Colony
Optimization (EBDQ). This protocol rewards or punishes a path according to the energy consumption by pheromone
decentralize energy consumption into different paths, and reposefully demotes the energy consumption of the whole
network. Both theoretical analysis and simulation results show that EBDQ can prolong the lifetime and reduce the
delay of the network. \
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P ISCT DI AT 1R A S 2 190 24 A g AN ) 1) 2 Y, 1 ot L 3 2 I Y TR 19 28 2R 8 A i v 28 LA e A

ICEEALAK (ant colony optimization, fij Fx ACO)M 81 2 K F 2% # Dorigo 25 A4 45 i - 4% B 4 i BEAR AT
PRI — P RRA R 1S A B AL A S0 1 B R Y IE IR WL S B 20 A 2U 4 AR AL, i A5 B R A
b7 B A B 2 S T B O B A B O SRR F T SR A2 2 1) A1 DA S Tl R 3RS T 30 IR

ILAE AT 622 35 W WORF A AL S FH T 10 46 A Jo 25 D00 2% o 3 ot N T ) stk [ 90 8% 1 R 7 AR sink R EA H
P 5 ) LB AR SCRR 913 T — i (5 FH SRR A E AT BV SR i B2 b sV 5 PEGASIS(power-efficient
gathering in sensor information systems)%—k¢, & i FH MMAS(MAX-MIN ant‘systeni)[“]ﬁ?{:%%%!@?%?ﬁ)ﬁﬁjhj‘c
i, AT 1745 48 e 1 01 11 1008 SR 0y AT ARSE AR I vl LA 55 0 00 15 SCRRTA2] 4 U Ot 1 152 ) 28 4 e
45 0 25 P B B VSR b SCHR (A3 5 L Aol B T AR 3 A 0Nk (V) SORE A T FH SR T AT B2 0 28 v AT B I
S SCHR[LAT4R L — b T 0 D il v 2O L IR A e A J 98 T 4 vl F0 76 26 ol JB0. A SC 7 SCRR[L5] 7 2 48
P50 L A% I 190 448 1 % £ i 50 R s A e /S Steiner AR 10 71, 8% 5 45 HY T SR T 42 15 s I 8% 165 i F BURE £ Ak
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balance data query protocol based ant colony optimization).
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1 EBDQ#H*XEX
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(B3 2A e(vi,v;), 0T A 1) PR i e Ak ), ) -
d(v,,v;) <R e, v)) € E, e(v,v)) =e(v;,) | (1)
S 2(BRECEBES). T4 vi HOARKR I v, (%, oy, ) 15 2 i (KUARRE g v, x,, Y, ) TR DB K 5 26 R (2):
dvvy) = O P+ (3, -V, ) )

EX 3 (BREESR). PathSet=(J p;, pikt MITT RS H AT RUK)— 4 TR BE A2,

E X A(RMHEAR). 4 pePathSet,Cost(p)=min(Cost(PathSet)),ll] p & — 4 il 4%, Cost(p) =ik 42 p _E 1)
fE R T #E. "
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EX 6(HEHAEBEES). L7 A v ol LAEIA H 005 SR R8I, S 755 AL RIS, B Az
(4 56 R, H Guide(vy) & m.

v RIRE T RV R BB RIS TR SO vy T R v A8 A U] Guide (vi) OB Ty
K@) FR:
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Fig.1 Nodes location and routing trend
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Ty (t)= m . # (5)
Cost(v;,v;) = Cost(v;) + Metric(v;,v;) = By, - K + (B, - K% E:mp k- (dv;,v; »%) (6)
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B vi ImANEH AR 23R tabuy 1, BV tabu={vi}, 28 5 1% R TS BT 3):

LR 1. KL NeighborSet(v) 45 15011 B it 38 1 5, 1 % Guide(vj) A 1 BT SAEA B O R Bk R4
NextHopSet(vy); . e

PR 2. M TVv;eNextHopSet(vy), 5 v; ¢ tabuy, TR 4 24 38 (4) 5 HOR A 868 W%, 8% 715 5 v; I tabuy 7,
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A

tabu={}

While (NC<NCia0)

{

tabu={vi};

NextHopSet(v;)=NeighborSet(v;)—{vjlv;e NextHopSet(v;) && Guide(v;)=0};

While (NextHopSet(v;)={destitation_node})

{

If (vjetabuy)
Select v; by A3 (4); -
tabu,= tabu,o{v;}; L )
p=pue(vi,vj);

}
Print p;

Update z,, (t+n) by %430(7);

3
3

*

NC=NC+1;
) v
5k I 2 NC UBAUS TR K AT A v B H I s e g e, Jedh m-1 b 1 bk b
SRICAT RS 2y, 73 T 1A% R R 20 A ) die B A 2 b, T R T A AR R BR AH AW AR, A
T JE N B U i 25 di R i A BT e, 780 ) 0 AL UL DS i i B A4 B0 A A 00 A i
T v A B AR K 232 SR AR AT BT 2K
3.3 EBDQEEL

EIE 1. EBDQ HVE AT ] ¥ 1
EUANTE 2 FiR AR A A B B2 BT A B I N BT COf I A G N A A,
DD HE) 7 D L I B S 1 [ B2 AN T e B \ .

T AR B S B, Guide(B)=1<d(s,A)<d(s,B),d(A,d)=d(B,d);

A B IR — BT 4 C, U Guide(C)=1<>d(s,B)<d(s,C),d(B,d)>d(C,d);

FEH A CBIF — BT A A Guide(A)=1<d(s,C)<d(s,A),d(C,d)>d(A,d),
WA d(A,d)=d(B,d)=d(C,d)=>d(A,d),iX B, R 75 & 555 A5 DL T A2 7 AR S55 AN 0T g [R] I HH 300, 5 2 BRL O
d(A,d)=d(B,d), 1135 15 AB A Tl 55 (4 A5 10 0 R ) B, 25 d(B,d)=d(C,d), B4 14 5 B,C 4475
KT S5 H E@*ﬁgﬂ@i@fxﬁk,mu*ﬁﬁ B KT —4&HL I T WA R B SFR ALK& AN AT e T LA A

d(A,d)>d(A,d), 7 & . JiT LU B AS 837, ) EBDQ SN 23 1B Bl ml i ik M. O
Source A B
@] >Q\

Destination

Fig.2 There is no loop in the EBDQ
Kl 2 EBDQ Sy A7 itk
EIE 2. EBDQ 5L B (8 A v H 2 — PR e B I A
E B 52 5 - ¥ (Monte-Carlo) BEAU & W] 76— N7 FURE XA, 9 4 BLEAHAS AT BE TR A 69%; 22 4% HL 4k
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il Fig.3 Optimal aggregation tree formed by the optimal paths
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THTE 2. BEALIERUE AL TE 100 A0 sl BE AL B k AN 5 s A D 57 m B B — A9 s H 7 R
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3 — * i i =
10 Sensing.range=20, 30 Communication range 30/
5 250« s 25
(=} (=}
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Fig.4 Relation of energy costs versus communication Fig.5 Relation of energy costs versus sensing
radius in event-radius model range in event-radius model
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Fig.6 Relation of energy costs versus communication Fig.7 Relation of energy costs versus number of
radius in random-sources model sources in random-sources model
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Fig.8 Relation of time efficiency versus Fig.9 Relation of time efficiency versus
communication radius in event-radius model communication radius in random sources model
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