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Acoustic Emission Analysis and Location
Based on Generalized S-Transform
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Abstract: To solve the analysis and location of acoustic emission (AE), an approach combining generalized S-transform
(GST) and three — dimension location was proposed, implementation process of GST was derived ,and AE signal was de-noised by
inverse generalized S-transform. GST was introduced in acoustic emission signals analysis to ensure the accuracy of time differ-
ences, the peak time on the main frequency energy serials was extracted to compute time difference, then the sound source was lo-
cated combing three-dimension location method. The results show that the method could extract effective features of acoustic emis-

sion and give accurate location with little error and good reliability .

Key words:

1 5|5

FE R ST HARIE AT ARG 5 8 TC A I TR, o 2
X R B B AR AT 20 25 M 1 E vk AT S
BRANT OV R 7 A St 224 G P A A 1) 7 28 T LA
S i BT ORI R, R R A AR B S 5 (acoustic e-
mission, Al i AE) BHAR R AHE B R —F A S S
ZoFE RS I R GG L E T, B 2R,
7T Ao e SR S R B 2B, B A RS PR A
SAEPER R B T IR AR RS 5 AR (5 5
AEFRAY B RS MR AR B Y FEMUE S b 4R R BB AR
AE JHHEAFE 155, JF XS A SRR A T s 2 . B A
IRFR G375 R W I 2R GE AR F 5 A9 S it 728 48k sl 2 /N i
ARG S Y A B AT (5 5 A0 25 M ANRRAE SR, 4R
JGi K FH SRP-PHAT 32100 sl i 22 5 o7 32 ok 47 75 R 9 2

Wik H 11 :2008-12-19; & 7] B 1 : 2009-03-24
FATH WFEA B RELE IS (No.07]16134)

acoustic emission; generalized S — transform; source location

A7 ST AR T4 )R AR e, URE 9 ) DAk i A s
SIS, o R X A A A R AR R
ERER L R R AN Rk S iR T o iR
EEFAIEES RAES AW RS T A8 T
JZ R (B TR AE {55 FEm 5 20 R A,
HE5 R B Z B . S A8 #e (S-Transform ) 1 Ry /)M i 25 4
M) —FPy g, a5 T AN 2468, I 2 fgn T
FLRE T AR £ 5 kG I R 78 sk el T S AR e
P BEAS /N TR [ 1), 32 ol LA i ] o 32 S BR v e
PREEXT S A i AT THES, $2 th ) L S A2 46 (generalized
S-transform, GST) J: 13 1] T~ 52 52 5% T f9 46 00 10100 A 5
K GST T AE 15 5 140 B, 3R HUS & HHE 5 1
SFIES BN L AR 155 B9 FI W, T 456 = 425 8] AL %
AT PR E A



372 H +

2 2010 4F:

2 T SEBREEI

S 753 (S-Transform) 42 FH Stockwell 2524 # T 1996 1
YRR S AR gE SCANE

So(z,f) = J ; x (1) wo( 7 = t)exp( = 2nifi )dt
L [ =220 v
v 2 2
Hol wo( o — o, )@ e O, o R e H
TEMFE] ¢ ROLE R SEL, O, © R S A8 P Y
e ST T B A A IR L AR Ak, AT B 1 I A
T BRATHE o 18 430 23 43 9 23, T g 430 B 114) P 6 680
DIARAT A 5 1 B[] 43 38 AR IR RS R A 5 1 o0 A
PR ARRHI R0 % IR 1) ) 3 B R SR H iy, Xt A BN S
ARG ) T B RO AT DS, AR AR S B A S B0 0 R ) A
SRR A543 A 8 0 B 6, o bR s ) 7 9 R Bl 4
AR IE ) S AR R IR AN
S(c,f) = J x(t)w(c - t)exp( = 2mifi)di
- (2)

3204 p)2
w(t)zAJ%exp[ )\(ét B)]

Hrdr A AT, >0, 00 A > 1 07 58 B B A 5
B AR 5L I L AR o )3 BE IR, A < 1 DUV, B SR RE B AE
BB .
(22 hi (1, f) = x(t)exp( = 2mifi) , W]
S(T,f)=rw hiCe, Hw(r -1, f)de (3)

Xt (3) P [R) I BEAT (37 AR e

WO(T— t)=

SCe,f) =h(t,f). w(t,f) (4)
B, f) = j hi (oo Pexp( = 2mifir Ve = X(F+ )
(5)
()= | e pespl - 2mifi)di
-2 2 -2
= exp( Azfzfl ) exp( fTCf1ﬂ) (6)

XoF 2 (4) U A S A e B

®

Step) = | XCLaf)oite.fexpli2aef)df; (7)

®

Hoft X R () HOMSE S e o (¢, /)2 BT B
BT AR 3 A f— n/ NT, o— T W5 —4E B 80 X
S ARy

N-1 . .
SGT. ) = 3 XCRES) Gm ). exp(22M)
m=0

NT
2 .
G(m,n) = exp( - Z;fz; _ i (8)

Hrp X(n/ND)RARS « (o) I E LM 22, G(m,
n) S B BRI w (0) 1 B B S g i, il 2K (8) Al L )™
SCS Al M T FFT S BUPR G2 57, A8 i 45 2R —
AR R 0 GST M4 T — 4E B S AR il it
AN

N-1
) A m+n 27 m?
sol T ] = > X Jexp( -

n2

)eXp(Lz%nl)

9)
i E T (8) L(O)XFEL AT ) X S AF e 5 S AR 1]
AR, A BN S AR H v B b U 7 eR R 43 Ak
K ()T GCm, n) BIF]ASCHC B4 0, ) 5L S A8 4
5 S AR I X B A AT AR (5 5 0 B xk B [R] 350 % 1
At AN ] 1 2R3 1

3 BT X STHRIERSESHN

3.1 BEfEFEEHESHER

R R AHE T Rt 2R A, B B
FZREVE AR R TR MR RIS TR 75 & 5 7= A HLBE, AR
{E SR BIA—FE 7 ISR Z AR AR 5 54240
FRAREAT 43 = SIRIG A 28 . = 4 28 AR {5 5 B it
N 5 AR RL R R N, SR AU LR, £
ARAE 8 ~ 15kHz, TEWR R, AR /N, 78 52 B W I vh 5
A BB T AL R A RE BB 5 IR AR 15 S RE K,
ARSI AT, FREERF A AT 3K 100 ~ 300ms, A 7E
100 ~ 800Hz, FEIH 1S, (& RE O K, v] Bk 2 4~ 3 3l 1% &
AR o A RE R B AR 55 JLT-#B AR5
RG5O SCHFFE ) AR {55 5035 [ 4100 ~ 1KHz.
3.2 BT N STHRINEAHFHESER

SRR AR B AR T R GHE 552 MR 45 R G0
SN AN T 30 119 e 22 A W P 4y, b AT ] A 5 A I A 2%
F7AE I T MR R ML T K U R B LU LB iR ) 1
S5 DR P T L 3 R P B AR S T T
WA K 55 1 25 e 2 B R bR B — a2 A 1)
TR P R IR S M A AR SCR IR ) X S A8k
M P Oy 2 - AT A R Y AR (5 5 - AT 40, 1531 GST
L X R 1 B A 0 2SR L, A9 3] GST B [, H %)
I g 7 {7 5 5 — IR 2] %) S 1 Bt 00 36 A A 17 0 A,
A 1) 3R 7R A5 5 o — B30 258 A 1% W (L B ) [ 2% £ 1) 43
A TR AT RERL(E, $R BB R KR T ie M 15
S FA, AE A B T, % 98298 60Hz, FAlLAT T
PRI AT 5 DN Ay S e 7 {5 A0, A 2 A7 Y
TR BE N AL B S Y GST JERE#EAT) X S i AR
e RS LW S B R SRS
FERAT X SAHSES « (o) M 28 8 X () FF
TEMTF K&



X

5
[\
=

BT S AR A RS S 0 S E L 373

wa S(z,f)dr=X(f)

I LA S As e —A AT DAME S th 250 S S 1 AR Ay
;’7 {% ]Z:; S(J'T’]%J}exp( i2/7\r[nk) (10)

h(KT) = >

1 BP R a2 xR Ok S 5 A B
(ot L P 1 Ca) U T P S b I
10b) EEMJE 1 AE 55 0E.

Z 50
&= 0
lg-50—

o 100 200 300 400 500 600 700 800 900 1000
(a) AEf5 5 FUH B %

> 50
i 0ﬁMVUUVVvavvvvVVVVVVVVVVVVV*VVVV*WAﬁﬂwVNﬁﬁ
E |

o 160 260 360 460 ‘§60 660 760 860 960 1000
(b) AEf 5 EWJF T
E1 AEfF5 %M
3.3 AE SO R4FERE
AE {55 4b P v i 7 LAY R B B RE AR R K
SHIERHIE S TE . I SE R SCUnTT pRELC:
(1) GST 5 P A5 3%
B(f) = max(A(¢,[))
Ho A, ) NAES GST ARG .
(2) EHiH fe 751
% B(fy) =max(B(f)) , fo BRI FEHEE, W] 32450747
A fo+10, FRH RER T I E N

k=10

E(t)=>) A(t,fy+k)

R A e 7 S oRANEE EM R R T R
T SO IR 2 AMEIRES I AR 5 SR 1 22 T 5

F£ Matlab HOW 75 5 W0 2R 40 R 4 B 1 R 0 75 K
SHES FT™ S AR 4 M8 J5 SR B T8 2 A eR B (T
22, WK 2 FlE 3.

WIS E AT R GG ST S AR 4 )RS I 25 R
TTEHE A HT I A G0 IR N 53 P2 55 5K, AR SCHR L

120

. E——
0 500 1000 1500 2000 2500
W /Hz

B2 AEfS S GSTAESE FEE

AR JURRHIE 5 SR o AR e A5 5 1 0 A s
KSR E AL

3000

2500

2000

fie it/ V2

1500

1000

500+

0 . . . 1 . 1 . .
0 100 200 300 400 500 600 700 800 9001000

AR
El3 AEfE5 EHiEREFS

(1) 5= £

(2) 007 ML L« GST RS PR 4547 1) B KR E 5 &=
WA PAEA TR R KR EZ EE

(3) F Al fe KRB a0 BB 3 8 I B K
{H.

(4) PR T] : A8 Be 1 7 4 it 2 b W BT X
B S ] 5 Ay 38 I 1) . 32 ek ] 32 2 R TR Y5 e 46

(5) LBk A [] T8 1k B 1)« A T2 00045 RE 2 ) 471 f 2k
A B AR R 5 1%, R B — AR G —
T 18 IR (L) B T A5, 33X 2 A4 i 4 ol Az K B ) RN ¢ 1
BFR], =35 1) 22 BV A5 5 R 22 ]

AL L 5 MRRIESS & LM S RS R SHE S LK
TESEL 0 I AR N GBIl 4R AR {55 4 5 B
3.4 BT/ X STHEIEKRGIRE A

B 7 75 R SR R A SR 7R R SRR I A R H 2
—, AT AR B 1 H R N R B2 e e . B
TR U5 A T 8E 22 B9 SRP-PHAT J5 1! Fli 2% 5
D, B 22 58 0 06 2 R B 75 IR R — Bff A e, AT R
15 2 5 RS FE RO T A [R) 2 SR 2 B 2 1 3 5 R L o]
KAMTHE I AR SCHE ) — AP BT S0 S AR i) =
A P AL A g R 22 T i, R
T BRI R VRV S AR 5 A5 B 45 1 I
v U T B T) 58 T LA S 0 o A 174) S Rk P 0

BWECN n(n>4) BYIE AT 2000 E e I X
WA AR T F, 40 3 0,(X,, Yy, Z)), 0,(X,,
Yy, Zy) e 0,(X,,Y,,Z,), 5l XN EE (X,
Y, Z)H AEAG 5B, n A% e R] I i b 42 0 )
HIfES PAR B LI T S A8 4, 15 2 &5 1% A 1
BRIRI R 0y, b, oo b, B AR B — N 2 R
FEWERT 2 ABCE B ¢, W B BGERT RS o 47— B[]
22NN Ty, Ty T, THEAIGAE R4

(X= X))+ (Y=-Y)?+(Z-Z)*=V*(1,+0)*
(X= X))+ (Y=Y 4+ (Z=Z)%= V¥ (1, + 1p)°

(X=X +(Y=-Y)+(Z-72)=V(t;,+7,)* (11)



374 H +

EE ' 2010 4F

ORI My R, R (1)
BAITREAA R S AT — - E
X2+ V2 + 22 - V)2

XX+ YY+ZZ+ Vit =

2
X2+ Y2+ 72— V7
+
2
\ X2+ Y2+ 22 - V22
P L(1) = =T X R (1) g A

LB R PR AH IO B BRI 2R
AGL,DX+AG,2) Y+ A(i,3)Z=V*B(i)t, + C(i)
(12)

H AG,1) =X, - X,A(i,2) =Y, - Y,
A(i,3)=ZL-—Zj—, B(i)ZTj—TL-,
C(i)=L(i)-L(j), i=1,2,n,j=i+1.

x5 I8 A A v] B A B U B 5, ROt A
HYIFR] 2254 0, AT BCO) A m MEHR 0,43 m 4
B(i) =0 My BAE B d e A i, X (12) AT 5
A(LLDX+A(1,2) Y+ A(1,3) Z = €(1)

Am, DX+ A(m,2) Y+ A(m,3)Z=C(m)
Alm+1, DX+ A(m+1,2) Y+ A(m+1,3)Z
=VB(m+1)i;,+ C(m+1) (13)

Aln, DX+ A(n,2)Y+A(n,3)Z= VZB(n)t] + C(n)
X3 (m+ DITE n ATHEATIH ¢, 8245, 18
D(i,1)X+D(i,2)Y+D(i,3)Z=6(i),

£ DG, r)=AG,r)B(j) - A, r)B(i),
G(i)=C()B(j) - €(j)B(1)
i=m+1,m+2,,n;j=0i+1,r=1,2,3.

X3 PRHET m 47,2 DCiyr) = AGi,r), 6(i)
=C(i),i=1,2,m,r=1,2,3, WA JyFE L FIHE
TN

DX=G (14)
Hor' D Hnx3MHEMK, G RHnxl MERE, X =
(X Y Z1"5E5d Dl FAb 3, e kAR vk Oy R 4
AR T Lotk Jr R . AR AR R TR AR AT R 2K (14) B s
{14 75 P2 1 e — AR/ NE R UR /N — ki X =D G,D*
& D % Moore-Penrose | X 3050 4 .

A TR A3 B T 4 S T R 2 A R 22 ]
P4 PR AR B (1] 22 2 S G 60 R e JE 1 OB T S K
SHIE R R (5 5 20 2 2 S5 A% A 5 3 3k A% A 1 A

TR IS AN RIS [ R A 38, A 1T Y
AETJSE 55 IR A3 A O, A3 o 14 0 A2 e B R, R
PR T 2 1 S 5 A A S A I 3 P B A 5
XERLPEARARGE , AL G2 (9 2 2000 A 45 2 B0 ik i [a)
AREFF AN [l — A b 19 [R) — > i BT AAS SR
RS S AR 3 ] — B3R A 52 2k AN [+ A S F) g
25,07 S A5 A% AL TS B8 I TE] Sy JE AU BE
Je 51 4k die AR Ff X 02 A I ) X RE S DR IE T B A
S V7 SR B S [ A0 e AT ) 3 B2 1 ] — 8 g
AR TRl — A i, AT 25 S VS B I 1] 22 0 B & S B
TEE SRR E AL

4 MEXBER

ASCHE T I 5T BE W 9 ST-12 25 1 W T &R
G R AE 55,75 MATLAB 55 F ™ X S A8 46 Jo 1
FIREHE BB R 5 i A1 L. PR A S P A S o 8 325 v
o A5 583 BB SR W ARG T %o B ] 7 40 P R SR A
AR RSG5 A RS 5, i E AR 4 &
AR AR R TG S BT AL 0< A <
LARSOR A A = LAIS. SE86 b [ 5 445 15 B 1 Ak b
et TR A AN AE A5 B R X RR BB, DA A 3 B 6 BT
I D ONHEER, B MUV = 4500m/s, Wi R 42
SREERRZ A 20kHz, |~ S S AF 4 Hp i B 12 415 B fi
R JG BIRT 1000 4 sKH#EAT AT . SEe 12 A5 IR AR i Ak
Fr4r9149(0,0,0),(-9,10, -7),(20, -3, -9), (120,
180,10),(18,18,5),(0,50, —50),(70,0,90), (200,200,
100), (200, - 50,50), (150, 120,50), (90, — 80, 80),
(200,20,80) , AWl AE SE B A P Ak bR, T S AR
A A A% SR 114 JBt 3 TSF 1) B ek ) 22 8K I FH AR SC IR =
Y 8] LR T PR IR AR ARG . 2R 1 B T 3 41
JRSZBRAEBR (X0, YO, Z0) PRI 22 20, FIAS T A8 A
(X,Y,2) )" 3 SAHfliitas a2 o Bxf L (i=1,2-
12).

R 1 AT DL R IR S B A A A A T A BR SE A )
B SRR AR 100 20 5250 E i , 2403t Ae bR iR 25 TE
2m AN 7 98% IR ZETE 0.5m AN Y A5 90% , 1%
FETE 0. 1m LAY 5 81% , % {57 HERF B 56 4 1T LA e -
LR R BT X3k 2 4 Wil 1) 78 62 75 2K, iR 2538 1]
DL 2 S IS J2 ST-12 AR WS I 2R 52 19 15 5 R A R 1
(CEIVS

F1 FIRZREIR 00, FfEIH R, o, BIxTLEE

45 0,

z; (X0, Y0, Z0) (X,Y,7)

0,1.59, - 4.233,13.323, - 4.277,2.276,0.
473,28.94,7.3,5.26,6.95,6.87

0,1.6,-4.25,13.3, - 4.25,2.25,0.45,28.
95,7.35,5.3,7.0,6.9

(100,20, -8)  (99.81,20.04, —7.92)




BT S AR A RS S 0 S E L 375

0, -0.339,2.533,,30. 105, - 2.699,6. 805,

0,-0.35,2.5,30.1, -2.7,6.8,11.2,47.85,
37.85,26.9,24.05,34.9

2 11.222,47.893,37.828,26.927,24. 0253, 34.
916
0,-0.218, - 2.61,11. 178, - 5. 052, - 4.

(0,40,30) (-0.03,40.25,30.13)

0,-0.25,-2.6,11.15, -5.05, -4.3,8.50,
32.05,23.15,9.25,19.45,19.9

3 301,8.56,32.075,23.141,9.258,19.437,19.
879

(60,60, —20)  (59.89,60.07, — 19.88)

5 #ig
ASCER I THRET ) S B i) A AR R SR S 0

B 2 A = 4 2 1) 75 5 L D7 0k e i 1) S R

BB AR, il i Madlab 5 5 AE 55 #£47 1 GST

I AIENE  IEAE T GST SR PRI 0] I T AE 55

WE L. E S a5 R R W, B i 505 TR 0 A AL, RE8

et RUEH) AE FRES RS0 1% 4 N BT, JRE L

SRR R v R R, HAZ O 1 HoAb P 5 15 5 Ak

HFEA R T —E S

SE Lk

(1] 200 I 0 G 25 A 7 A3 L A% R o AR 19 52 )

[T]. A 4 R 2412, 2008, 18(8) : 1541 — 1549.
Wang Xue-bin. Influence of imperfection number on acoustic e-
missions and elastic strain energy decrease of rock specimens
with initially random imperfections[ J] . The Chinese Journal of
Nonferrous Metals,2008,18(8) : 1541 — 1549. (in Chinese)

(2] WKZR AR, VR B, X XL 75 K 369 45 5 Ak BRI 20 BT B R

(] eI, 2002,24(1) : 23 - 26.
Geng Rong-sheng, Shen Gong-tian, Liu Shi-fen. An overview
on the development of acoustic emissionsignal processing and
analysis technique [ J]. NDT, 2002, 24 (1):23 - 26. (in Chi-
nese)

(3] FhSrBE, 25— 5T/ Hl HHT A2 e 9 75 R 815 5
GrMr Ik [0] AR, 2008,29(8) : 1577 - 1581
Sun Li-ying, Li Yi-bo. Acoustic emission signal processing
method based on wavelet package and HHT transform[J] . Chi-
nese Journal of Scientific Instrument, 2008, 29 (8): 1577 -
1581. (in Chinese)

[4] LEE J K,Lee J H. Study on damage mechanism of pipe using
ultrasonic wave and acoustic emission technique[ J] . Key Engi-
neering Materials,2007,353 (4) :2415 - 2418.

[5] Sinha S Routh P S. Spectral decomposition of seismic data with
continuous-wavelet transform[ J] . Geographisics, 2005 ,70(6) :9
-25.

(6] )y, B 58, B W I T 70 J2 R AR T I A 22 58 W
PEBIBETE N B ER 735 [0 ] AL 72240, 2008, 36 (1) : 194 -
198.

Jin Nai-gao, Yin Fu-liang, Chen Zhe . Microphone array speaker
tracking using layered sampling particle filtering[ J] . Acta Elec-
tronica Sinica,2008,36(1):194 — 198. (in Chinese) .

[7] Shin Y J,Powers E J,Grady M, et al. Power quality indices for
transient disturbances[ J] . IEEE Transactions on Power Deliv-
ery,2006,21 (1):253-261.

[8] Chilukuri M V, Dash P K. Time-frequency based pattern recog-

nition technique for detection and classification of power quality

disturbances[ A] . IEEE Region 10 Annual International Confer-
ence, Proceedings/ TENCON C, Chiang Mai, Thailand: Institute
of Electrical and Electronics Engineers Inc[ C]. Chiang Mai,

2004 . C260 — C263.

R L TS S AR R (M S5 (5 SR v

[J]. HhERYFA4 4, 2004 ,47(5) : 869 — 875.

Gao Jing-huai ,Man Wei-shi. Recognition of signals from col-

[9

(i)

ored noise background in generalized S-transformation domain
[J]. Chinese Journal of Geophysics,2004,47(5):869 — 875.
(in Chinese)

[10] Brefte, B e, w480 . 00 I = 0 9 b 8 )2 )7 R 1)
(Y] MR A4, HUERBL2F i, 2008,38(1) :52 - 54.
Chen Xue-hua, He Zhen-hua, Huang De-ji. Seismic sequence
identifying with high resolution in time-frequency domain[J] .
Journal of Jilin Unviersity, Earth Science Edition, 2008, 38
(1):52 - 54. (in Chinese)

[11] Stockwell R G, Mansina L, Lowe R P. Localization of the
complex spectrum: The S transform [ J]. IEEE Trans. on
Siganal Process, 1996,44:998 — 1001 .

EEEN:

SHE 21971 FEH AT WL T,
BRI R B 2 e A, BTy
16 4« B A 5 b TR L B R BRS04
E-mail : hmquan123 @ 163 . com

B¢ 51956 4F AR T IR A D0 BT, CoE i, BRI
REFRAGEE LR AR S R k. BT EEHTE S
B RGBT RS 5 N, BRI % 5 5E (5 BOR, Bl
WA B H AR W . E-mail : daiyx @ hnu. cn

EMA 51982 4F A TR VU IRE , thmg KF AR o AR BF
FEJ7 18 R AE 5 R SR A





