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N EAVIRRE R (J); e N1 Min, 21T IR e &
(3); tei 7T R n S HT TAERSTE] (s); e J971 mULAE
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T EUCIA )2, 19 AT IS ] A WO B i R
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B 6 o, HLpARRE R
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W 2% B R ARAFLEV AT A, Wi 6 (a) Ao,

2) YT A5 SR S B AN T B
JE MRS S A, SR S IR BT A 2 R R K
RN TARIE R, 4 s B RHR, WK 6 (b)
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3) T AR E 5 ) 4R A HENRRAR A, 4%
Ffl 2 e 246 I8 o 38 B T G YA R N 0, a6 (c)
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4) G v MARHRES (8] 2 5, TR 11 a5 e g,
TS S 0 e PRAR U 42 il .
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FPCR HETESHT U AR B B Py, A5 Bk
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EEP LR NSRS, UEESH

E(G) ={(1,2),(3,2),(4,5),(6,7),(8,7),

(2, H), (5, H), (7, H)}. (22)

I BIRCE SO AR Ry, W — 2% AE
p=n1 — ng — - -ny B RZERE EREKIAT
P 2 Fl:
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w(p) = Z w(hi, hit1), (23)
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Wt AU, SRAEE 11 5w BV RS /L H 9 g
REREANE B K %A%, W2 SRPTA 42 PR B K
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o e SR AR B L IR A )RR A R v PO
W

f(n) = g(n) + h(n), (25)
A, f(n) J9MHIGE 28 BT 5 n B3k H AR S
AT R EL g(n) MAIEETT R BT min AT, HD
SRR IR T R R h(n) AT G n BN
R T, ASSCA AR BRI TR i ) B2 ]
PR, SEOS AT R A Y R B AT 4R

1 h

3 hs 2
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(oD,
g

}L7
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O

7 JURIEME LR B

3.4 FPCREZERTE

FPCR Bkt n T 5 R .

H1 JLRVWSHIEREMSRR, LR
okt G, BTA T AU R R BE AR S HT S [A]
SRR AL IR LI TR AT A, IR SRS (19) A1 (20)
2, T PR N BT Y AU RERE ST A RS

BIER2 TR R E P ORIR I TU AR 18

1) JC R A A8 S R # OPEN # CLOS-
ED, OPEN & H TR 47 Bt C A8 BT AR 25 2 140
&L, CLOSED FH T-ics il 15 &1

2) BT B H AR N S, TN OPEN £,
% g(n) =0, f(n) =0, 3F¥ CLOSED XX B N7,

3) EHOPEN K f(n) {H i K 5N
45 s nprsT, & H M OPEN 3 o M Bk, A
CLOSED %,

4) # nprst N H BRI, R B,

5) % npest & B AR A, W Y5 ngest 18
SRIIFTE T T RIS, W E T AN nsuc;

6) HL—A0 T M nsuc, £ +7E CLOSED &
o R BEATAT AT 40, 4R 00 T — A1 55

7) 45 nsuc AME CLOSED t A 7E OPEN % i,
MK HAs n 2 OPEN R i, JF4 HAZT iR E A
npest, HRIE g(nguc) B f(nsuc) 1E;

8) # nsuc £ OPEN & H, N 4% (26) =X it &

g(n):
g(n) = g(ngest) + 9(nsuc), (26)

I g(n) 5 RRAEH g B ELEL, /DT 8055 T,
MY & ngun 1948 &5 55, kS8R50~ — 4
O R A & RT, W nsuc IR RRERN
npesT, IR ZHHT g(nsuc) A f(nsuc) 1A;

9) MEH AT 5 B 2)—8), HE|OPEN £ RN=Z,
R TG AT DAV I s 9, R R 45, W45 R
TEH,

10) M B b5 ST AR WS AN sl 7, IR AF
HEAS 3 [T BT s AR AR, 3 g BT R A
PRAT.

B3 LR AT R R 2 K
AR N TAR R, | 3 dr 2 A T 42 8 B AR,
FHRLTT BRI B HIHE 205, F B S iR AR
MR ABE 2, 1P 266 i 2 % b B, 46 TR USCR B

TB4 A RERIRIREE tp 2 )5, TTE
AT R, EEPAT R 1IR3

i B UL A2, A SO A-Star SHVEAR 1) 2
TSRS ROk VG L A ) e P O AR B e 4, SR b
A5 FHAZ 5 1 5 AR BRAE fife e 9 B3 BBl N, e mT A
figf R AT T B 110 R f R R A A K I B A R 4
JF .

4 SEICESAE B 4R AT
4.1 FPCREZRHINS2 {AESLIEIT

¥ FPCR J74E Cygwin M 45 N A NS2 2.34 #%
& BT R, FH TCLAE & dmiz el &
WA 25 /N5 BAE 50 m x 50 m [ X 353 il 4 BE AL
Iy AT, T REE S A EE). M4 A AODV %
H B, Mac B8 F 802.15.4 ¥4, 15 18 8 B A
F Wireless Channel, BA%1E #ALH{#E F Drop Tail
LI, JC 2k A% #6157 A F TwoRayGrand #5744, K
LA OmniAntena F 78 =5 538 15 AL 8%
(12), (13) NP MBI, {7 ok A2 vy i i — L
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Faultprevention technique of controlling redundant
routes into sleeping based on health degree®

Song Jial  Luo Qing-Hua Peng Xi-Yuan

(Automatic Test and Control Institute, Harbin Institute of Technology, Harbin 150080, China)

( Received 9 January 2014; revised manuscript received 10 March 2014 )

Abstract

Wireless sensor networks (WSNs) are widely used in various measurement fields. However, their nodes are charac-
teristic of constrained energy supply, limited hardware resource, large number of nodes, self-organization and dynamic
topology, which make networks prone to malfunction. As a result, high reliability and low fault are the basic require-
ments of WSNs. To prevent too many active nodes and wasting more energy in redundant routing method for WSNs, a
fault-prevention technique of controlling redundant routes into sleeping based on health degree is proposed. This tech-
nique uses sink node to collect the residual energy of each node, and to calculate energy consumption degree parameter
and health degree parameter, and adopts a-star algorithm to control the redundant routes into sleeping mode. The
simulation results of NS2 and actual node experimental results show that the present health degree based technique can

balance the networks energy consumption and prolong the network lifetime significantly.

Keywords: WSNs, health degree, redundant routes control, fault prevention
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