FHRER 2009 4 %5 19%: 45 817:872~876

doi: 10.3772/j.issn. 1002-0470.2009.08 . 018

EH T Symlets /)\j)

THIBMSE
RUHO LmWz”

i8 it iF 15 W 7 iR

N 2 5

(EMEMARAFN RN FE L TRZER  JE 100191)
(A AF E S FER  JIE 100876)

i B RU-MFNETERCRENLNCARRLH &, URRATEEHRE
VW TR R AN MR Z B HZ AL WA, B RN B RE
BA, R KAFIH Symlets NEEHRREEHRRANERESFRAET, HR%E
FITREFHALZGELRT AAREETBEA N ER A EUNEFTHF A6, FA
EARHERMUA N PARERBRE A CELE, SRERXA, ETELERE
MEMFRAECERBELH A TEERG R ACUHE, ERARENT 5%,
K] RN, TR RE WA A F KA, DR

0 3 &

BEE T KRR TIEL G KMERN A &R %,
EEMERENEEEEBHRRL . FREE
TP A0 DR R SR N s B Jy =X, A A5 2RI
SERPPEZE  MELATE RE M Z &R, FIRA
A2 P LA B, LA 2 A R A T % SRS i BT
2 AR MU R e S2 B T BRI, T &AL
R 4% (wireless sensor networks, WSN) HJ 224 Wil
ARV B3 7 HRBE . £ Bk 1 410 S 3R
R, RNZEOR LU T B W IR R R M,
BRI MRS E R

CAREMRER DAL ERMBERTMN %S,
i RS s I RS Bk R ) A BT i R T A
B NP R R R 2 MW T, BI& R
DR, R0 R Pk B A S AR R R
7t I R 2R R TRkt W 28 2R G e S I R b 2 3]
W & AR 55 B B8 (BAE TG B M 4R,
IR AL TFARBROR A , 22 7 e 23 5 T 7 %
R AR S 32 1 R4 0T B Fl TR A A BT R
ERWE ZAHME S A& ZMBRR S, R ZES
PERSIHUCRR I , FAAE & RIS T8, ME IR R IUE
S R TR AL 15 S, , BRIk B A T 45 R ]
P2 ASCERXS R B, R R /N AR 55 4
FEAT i AR A AR I R 3 A 7 T, 38 3 /)N OB B ) e 4

@ % F AR 4 (60873240) AL T B 25

PR H LGS N R, S5 SRt
WA ROHES s RN EAH R AR R RS AE 53
TEEIIA b H e AL kA PR i 22 , 328 HCT Y o 9 00 £ 14
AT RPIE BT M AL, B X 2 LA R
AP S8R R G A BE A AT FE

1 RAB#HR

FT TOL AL A P 45 O TR A AR G0 R P 20 %
Bl E BRSO s HEREH TR
55, BT I8 B THMIRBURREE S 58
THRETEILRT AT, G e AR T AR
BRIE S, BRI E Lo
1.1 ETR&ERBFMENH RGN R GER

TRk A ian 0 24 1 Tk R A 00 B A IR 1 i
&, R AR T ANV E ALY R, I RN A
&, WREMAA, 1m TR,

TR
@
- -~
e T AN~
- - ~ \\
”’ o ,/ 7 \ \\ -~
- / \ ~ e
ot kkl lﬁ n) HE-2 Y AU-T T A YT ) BV R AN
i u P
(= | i -

PETN

E1 WSNEEBE#RINTEE

B AL H LTI .
@ B A079 4L WL, PRI s DI ]« Fe R A T R s 1% R, E-mail: ywu @ buaa. edu. on

(ll&cﬁ%ElEﬁ 2008-10-06)
— 872 —



RERBESF T Symlets N BREVRTVE B IRISHT

RO & PR A 1 R IR SR
Ko AT ST E LI E A8 AT, 15 Rt
Ik AT BE EIFE RS . IR RATR—E
VI B UYL SR (B IR SRR R
RRGWES O, ATUREERE D b, HES T
FEP LR, KRR E R TR S
1.2 IR R i JR 38

ORI BEE 1 3 J1 A R A T B R, L3
PR T AR DR BB BLAR , FR NP & 23 (acoustic
emission) (3] o TATE & H (modal acoustic emission)F%
ARE—FPEETHIE 47 B 515 S A BEOR , A
G5 MBS HRR T E MR, RR]EE
THER I, A 558 0 BE 27 A i RE & LAY BB X
HERERMNARAIEREREA RFAR , @I i%
PR GHE 5 HSR AR A AT BTS2 S I Az o

T R E AL B AR R B AS FR IR
BEAE IR RS E SR E BRI RM, T AURE
BWESTIE + B 44, AT e € A0 75 R BUA 3%
HIBCHRE RS 7 R AR B & IR B AR5 5

I 2 5 A 2 TE U R 7 P B R R I E AL T
%, AL /DT E P IERES T A, B0 AL Tt
T S, HE AR AN I 2 Firs o 3G A 7
A=W

L — aAt
X === (1)

Forp, X Ot 5 S RO IR AT B B, A1 A
FEREAS WSN B 5 AL B AR AR, ISRk i X
BT o 8 M S AL L b T R AN R BE
B M E 28 ; o NS IE Y KE7H%ER
B, AT A3 e 2 ) T 0 S 9 3 ) T vk R 3R
5 Ar P RS BIIE BT R R 22, 2
I 22 XE V7 125 PP e BEAR DR QB TR AL

FRIEAET AL FRIRIES
((T>) @/L\)
no 1t 3
VLR R (]
\J bid g ¥
PEIN

H2 itiE=E/FER

i R A T A R R T e (5 S i, A AT
VU5 5 8 R BRI s O (DR s o PR 5T
WRRIE S N E S TE S , ok HA IR B Py
SRIEWENR TR (S5 BER N Rl . 22T POREAHCH

B 2ERE O 7 R S R AT R E M EE T Z
—, PLERE x(n) M y(n) BIHKRE o, K

©

D x(n)y(n)
Py = == ; (2)
[ Zoxz(n)z;)yz(n)]i
TR o

B BLZZ (Schwartz) A5, 0 < o, 1< 1o
LW S REN, o, = 1HEKME; 2 x(n) H
y(n) ELIRM, o, = 0524 x(n) Fl y(n) HLL
B, 0 <1 py <1, p, | R, FR x(n) Fy(n)
BIAR IR B . Bt I A R SR T AT R
FEAH R B B AR R SRAR S B 7R R 35 Sl AT A R
T, M G5 SR R R Xt o B SR st B R B 25 A
1.3 EFMETHROBESESENEAR

FF 75 RGHE 5 - /N U BG5S
B, WATRESE 5 537 FAFIE JBV/IME 5 R IR
BT MBS AT HE AR , SO Symlets FRF/NEEXF
551724,

BIER LA TR

(DBEF/NHEE

(2) ¥ FRT- 58 S 50K /)N i BE 7R B[R] 4y LB 3
S5EGES TR, Bk

Cavt) = [AOW(a.0)di (3)
HE/NERS C,

TS RB B — RN R, X R US4
HORBE o FRESIE] ¢ 1 REL, RAn R E T B A 8
EME S 5/NERERE, C BREERES
57N AR A

Q)BUBFHRE o, ERFRQ), LIETH
Z RN, REEBK, 7R /M R B B [A]
LB SRR SRR, FE R RS R
EITARIE s 2, REEZE/N 3RS 5 R AR

(DHFARFRE T B/NEREGHES #17E
), FRBUR [FIAUR 1 AR 5 B0 . EMARX R

fulx) = gcm,b(t) (4)

FRBCHL AR AR B A& R IGE S KH S
RERMAESES REAILR YR MERRE T —
L OELNOE

INB AR K SRR B ST A, T BRI
PR AR R R W, A& IR R AR B SRS 5
AT BAH S E L AT KRR R E NG B

— 873 —



EHABEIN 200048 H £ 19% £8H

2 MIRIERA

DR, R R IR R I K, MR A R A
SHRERR R T, 5 5 308 LRI N IEER
W o BB & A, (55 FER AR , T
JARFA N AT AR DA R R S 5

BT RRH B, 7 1.3 PP R R IR E
SHAT/NER S, R EENAESEFESMED
B IDfCEFRE -EITEREAILRT R, WA 1
B Rt X1 < X2, LR R HBEKREES
MTEE V(1< i < V), AR

Vi>Viai>Via> Vio> > Ww>V

R ARG B T 4% LR 5 5 0 AW
HEERWT

A= %Si’si+1’Si+2’""SN}

B = {5_1,82,8i3,"*, 81}

Hrb, 5,(1< i< N) BRBET R | REGLRETR
HfES, A AES IR A TR SAM, B A
55 BITET AL TR R 2

R i 22 58 A7 J5L B, ) PR A i O 7 0 9 £
TP S BIE T E M R AL &, WA AB 4
Foh &R~ # WA S, R ES N HEEE
B A] 158 H ik U A AR AR I B R . 5 Na N
SRR AB HANKIE SR, WG-S5 MEcE b
Tt

Ne=NyxNg=(i-1)x(N-i+1)

N¢ HE58 1 BARSCR 2 8 LA 8 N it
RALEADR . AT BUNEAE BT IR E T,
TR ENEBE & i R AL BLAR B AR a0 T A ik
A A2 -

NC
P = 2P (1< j< N (5)
j=1

Hrp, P BRRBERLAHE RN NAE; PR
NGRS MR AL E s e A T,
RO A LGS P e ik R AU E T E TR . R
T A R 75 2R 5 2 e AT 0, A R B B
BRI E S =M K, (55 b BT it
Infs BB, X S I W R (52
WUBR, RIBE ry DR/ 552506 YR 5 T 14 B e
Ee, B Ne XHES 8 gy ZFAZ0 1, B

Con

4=

J

— 874 —

(1<j=< Ne) (6)

Z#j =1 (7)
Hepr, L 5 j XHES PR R Z B, KN
K Do BV ; Con R W H, I THARE 1y ZFN5E
T 1, DMRIEANBCY- 3 J5 45 3 1 1t T 6L B A 45 [7]
S PANFR BRS. M N 5% L B
B, AT SE R 2

Con = Nl (8)

Nl
j=1 L
HHABE Con,
Lf LPTIR , BT IO LA It P 245 9 B TE 5 A

Rt 77 2k B AL BEAE TR AN 3 B

ST — -

P

TR

e
L

s Ry

BRGLE S HAH R
Wy A

L IFRAT
U

REUPBESR S

3 ERERDN

ALIGHE—BEREE PR KRS EHE M
o BEIESME 160mm, BEJEE 6mm, PIFFE ] 0.2MPa,
it it U PRI RS AU , SEER R Q0 B 2 B e
T B S I BE AR B 4 MRS T A, ID 430000 1.
2.3.4, W AEE Dy=2m, BEIRT A 1.2.3.4 2
B2 Om.2m.4m FI 6m, iR AL TF AR B8 3.3m
Ibo RN RGHE RS ETRAET RN R
RO 1024, KA SRR IMHz, KA FEHEEE A
[E] A 1024 x 105, SEMPH B o = 5830m/s,

BHEEAEME, 4 MRS A BRRBINE
SEICE 4 PR, # RS S 5 s TR Z (85 2
B /NEI K BIBF 4 &5 5 bR E N (a)  (b) < (o)«
(d)o

MWERRI LR, RGES IR T RERS
KT ELRIFE RGHMES , RS IR AFE
BRI IR {E 5 0T X e (A BEE 1R 15 5 e A5 R PR
B R T B R



RERBESF T Symlets N BREVRTVE B IRISHT

E 05 F T T U T u T T T T3
< o AR AAM s IS
@ ‘0.05' 1 i 1 1 " i 1 1 1 17

0 100 200 300 400 500 600 700 800 900 1000

I} Cues)

(a) ¥ A3
’>‘ 0.05F T T T T T T T T T =
g O Vi
E "()-()5h 1 i i 1 1 1 L L 1 17
0 100 200 300 400 500 600 700 800 900 1000
Fef i} Cwes)
(b) A2
’>‘ 0.05F T T T T T T T T T T3
O PAARAARASARAASNA A At
.ID_E "0-05" 1 i i L L i) 1 L 1 171
0 100 200 300 400 500 600 700 800 900 1000
I ) Cas)
() T4
,>\ 0.05F T T T T T T T T T =
= 0 MR A A A A A AN
o
jg -0.05L 1 Il 1 ! ] Il [l

0100 200 360 400 500 600 700 800 900 1000
) Cus)
(@) 751

(Fe g WUE 577 5 B VR B 2 Eh /N3 RO HES) )

EH4 BETRBEINEBES

X R 355 #AT 5 )2/ R G A R 0
B 5P, ATUERHAPE 458 5 RESRANE
A b, BT HHRARE , BLSE S R RS s
TRIGES R GER, B LR A TR BUN )i
26 5 R A5 S Ve A& MR FAE 1 AR5 5 AT
T2 K 4 DRI E S0 BTN R

H e —
P I 5 S 45 R AR 6 i o
w 3 005
0 W&WW\/WNMWWMWW&
#?-?3-005 A SRR
-3 300 400 500 600 700 800 900 1000
FHE Crs)
D 008 e
S ol AN AAAMAAAA A
%_‘o‘os 1 i i i L 1 L 1 L i
= 0 100 200 300 400 500 600 700 800 900 1000
~ B]LI‘HJ(us)
2 005
I 0 W/WV\NMWMW\NW'WM
>
g-o.os
= 0 100 200 300 400 500 600 700 800 900 1000
B Cusd
=005 et ey et R v
9T O e posirtpiess-nindine-rtistly iy
g_‘)‘os L 1 i i i i 1 1 I L
= 0 100 200 300 400 500 600 700 800 900 1000
= B fE] (us)
S 002
o 0
= E _0.02 i i i I} i i i L i i
= 0 100 200 300 400 500 600 700 800 900 1000
. B fE] (us)
S 002 e e
5 = olu‘*:“,“: bt boptmasisbieeir s top bbb
g_ooz 1 i 1 i 1 H 1 H 1 1

0 100 200 300 400 500 600 700 800 900 1000
Bl Cus)

5 TR3IBESMESE

B 6 A BOE 0 58 4 HHR AL, 7R
22 A G TR LIRFESPIPIHE N (a, b),

(b, ¢),(a, d),(c, d)o BXMESWEIFLRIN
B 7R

005
S
= Oﬂwwde%%wﬁmwmﬁmw
E
0050 100 200 300 400 500 600 700 800 900 1000
1A} (15
e ke
_ 005 (a) 1 H3
2
= O \/\/‘x/\’\j,\/\/\/"\\][\f\/\'\/l\/\![\/w /\/‘a,/v\/\/\c
i
‘0050 10() 200 300 400 500 600 70() 800 9()() 1000
FRFJE) (s
005 B Bs2
>
= O /\j\,“wfw \/‘v’\/\/\/\\/\/\/\/\,’\f\j\r\umf\v/\,%/v
=
0055106 260 300 400 500 600 700 800 900 1000
1] Cus)
- 0.05 ¥ T T T €C).:ﬁkli4. ¥ T 7 ¥
&0 PN AN A PAN AN e A A
e
005166 200 300 400 500 600 700 800 900 1000
B} Cns)
@) F a1
Be HESMtRES
002
z
i 0
P 4
= 0.02 i ! | PR LAY il I 1 L 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
A (1s)
YT . ...+ S——
2
m 0 MMWWMWM\WMWMMNMWW%
Z
_0‘02 13 1 i g 1 1 1 1 i {
0 200 400 600 800 1000 1200 1400 1600 1800 2000
B {a] (ms)
(e)fER
002 e O
2
m 0 MMWWAWMMWWM!WWW
g _0‘02 L i) H i i i L 1 i i
0 200 400 600 800 1000 1200 1400 1600 1800 2000
] (B s)
5 x10° () S(HER
g T T T
i 0
=
_5 L 1 i i i 4 1 1 i i
0 200 400 600 800 1000 1200 1400 1600 180G 2000
Bl (1s)
(c) 5 ()t

7 BABSHEAXER

AT T DA, 46 %0 1352 B EL A 56 IR BT
B 2. (KR RO, P AT S P 22 8 LI R 79 4 X
{55 O A A AR SRS 026 1 TR

B8 2R S RS, BRI A T A
BT g LRSS ST IACT . 3 (6) 1 (7)
T8 g = 0.43, 1110 = pra = 0.215, 120q = 0. 14 R

AZ(5), BIa] 3R B A U L B AR A
Pieg = lelj

P; =3.330m

— 875 —



EHABEIN 200048 H £ 19% £8H

,\,@,X‘J‘Bﬁﬁjﬂ 0.03m, FHXIRZHN 0.91% . @il Conference, Houston, Texas, USA, 2002. 169-171
*X:'Ziji] ﬁ Z }: {ﬂ:ﬁm\ E(J /—\Euﬁfﬁ TE%‘J{;EI_J o [ 2] Scheible G, Schutz J, Apneseth C. Novel wireless power sup-

ply system for wireless communication devices in industrial

£1 EWEEEHERRIZE automation systems. In: Proceedings of the IEEE Annual
f55xt (a)(b) (b)(c) (a)(d) (e)(d) Conference of the Industrial Electronics Society ( IECON
5 HEEES L(m) 5 4 4 6 2002), Sevilla, Spain, 2002. 1358-1363
At (pss) 118 21 417 144 [ 3] Dunegan H L. Modal analysis of acoustic emission signals.
I aAt Journal of Acoustic Emission, 1998, 15(1): 1-4
X = (m) 0.656 1.356 0.784 2.580 [ 4] Taghvaei M, Beck S B M, Staszewski W J. Leak detection in
IR S AR AT pipelines using cepstrum analysis. Measurement Science and
3.344 3.356 3.216 3.420
P(m) Technology , 2006, 17: 367-372
2831 R ZE (m) 0.044 0.056 0.084 0.12 [ 5] Gao, X M, Fan H, Huang T, et al. Natural gas pipeline
X IRZE (%) 1.33 1.70 2.55 3.64 leak detector based on NIR diode laser absorption spec-
troscopy. Spectrochimica Acta - Part A: Molecular and
4 é:r]__l: -i/% Biomolecular Spectroscopy , 2006, 65(1):133-138
[ 6] BribA, £ 7, %, FMEERAEMLER. A
v - S AR, 1998, 19(3): 93-97
T3t S YIRS S TR B AR o

[ 7] 220, SRWAEE . BT /NI IE R AR RSB E
TR 5 AL, WAL, 2006, 34(12):47-51
[ 8] ChenHL, Ye H, ChenL, et al. Application of support vec-

tor machine learning to leak detection and location in

WS RS T ARG &, ik T 258 18 1t
A R SE RS TE R PR R BEAS e S R, A
INBEBTITIES BT LGS S,

brT ﬂ;g):n ?ﬂﬁ&iﬁﬁﬁm%m l][j _—FL*H%H_J‘%%{—L pipelines. In: Proceedings of the 21st IEEE Instrumentation

ﬁ ﬁﬁﬁﬁg&Tﬁf ﬂ{g%ﬁjﬁL—F%’fg@ﬁ_ﬂ '\J—f( H':JHTJ‘ and Measurement Technology Conference (IMTC 2004), Co-

2SR AR IR ; 21T I AL B AL B B I AT 37T B mo, Ttaly, 2004.3.2273-2277

%md\%ﬁ}iﬂ(?ﬁ"tﬁ H@BE%, %lﬁjﬁrfiﬁfgo %Qﬁ [ 9] Henrique V, Morooka C, Guilherme I, et al. Leak detection

SEHEHR T B A Rk in petroleum pipelines using a fuzzy system. Journal of
Petroleum Science and Engineering , 2005, 49:223-238

SETH [10] Muggleton J M, Brennan M J. Leak noise propagation and at-

tenuation in submerged plastic water pipes. Journal of Sound
and Vibration , 2004, 278: 527-537

[ 1] Sanderford B. Wireless sensor networks - battery operation of
link and sensor. In: Proceedings of the Sensors for Industry

Leak diagnosis in gas pipelines based on Symlets wavelet transformation

Wu Yinfeng, Pei Liying” , Chen Bin*, Wan Jiangwen
(Department of Instrument Science and Opto-Electronics Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191)
(" Department of Automation, Beijing University of Posts and Telecommunications, Beijing 100876)
Abstract

A novel pipeline leakage diagnosis method based on wireless sensor networks is presented to improve the accuracy of
leakage localization, the detecting range and the real-time performance. In order to eliminate noise and the frequency dis-
persion, the method uses the distributed data aggregation technique combined with the Symlets wavelet transformation to
convert original signals to single-mode acoustic emission signals in source nodes, and in sink nodes, it divides the single-
mode signals into couples from ordinary nodes. The leak position is obtained by the cross-correlation time differences of
arrival (TDOA) localization and the weighted average method. The simulation results show that the localization accuracy
can be improved obviously by aggregating the data from multi-nodes. The localization error of the method is less than 5% .

Key words: leak detection, wireless sensor network, modal acoustic emission, wavelet transformation
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