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Research on Signal Separation Technology in Nondestructive Testing
Based on Wavelet Packet and ICA

SHI Yuefei, NAN Xinyuan

(School of Electric Engineering, Xinjiang University, Urumgqi Xinjiang 830017, China)

Abstract : Nondestructive testing is an important method of pipeline testing in service. In order to use electromag-
netic ultrasound and pulsed eddy current signals effectively in nondestructive testing, based on the characteristics
of electromagnetic ultrasound and pulsed eddy current signals, this paper uses wavelet packet and ICA combined
algorithm to separate the electromagnetic acoustic transducer/pulseeddy current testing composite signals, and
compared with the separation results of VMD, VMD-ICA and wavelet packet algorithms. The results show that
the combination of wavelet packet and ICA has a better separation effect in the separation of electromagnetic
acoustic transducer/pulse eddy current testing composite signals, which proves the effectiveness of the proposed
algorithm in separating composite signals.

Key words : nondestructive testing; signal separation; characteristic analysis; wavelet packet and ICA

0 51§

EE B AT AT S A | Sk R B AR SR, AR 2 M TR IRas i 2. e
KWL T il SRR PSS HAERrE: . MR , s s nyshily | PR 52810 | fh22)s
T AEAR 2 B NN R IR R A S0 W | A EPE ) AR S R I AL B B | 2 RO
e, FTRER TR AR . I, 5 PRk 3 2880 35 58 A JC b R DB A Tl h S DI 22

R EURR PRI AR 2 H A A il P R ) — R OB , AR B K R L BT iag
5o S A 10 L LA P A AR 5 e ) A2 7 R AR A5 791, DR A e A 0 40 114) 2 T R vy LA 52k
FENE . SIAI L, FEGEEFT (Electromagnetic Acoustic Transducer, EMAT) Kl Jo s kA 50 H-5 gk dE 4%

« YgFE HHA: 2021-02-28
EE&WH: ERXARPEREESIH (61463047) .
TEZE N ABKK (1993-), B, BitA, METHEIE ARFES 528 AR NG, E-mail: 806515223@qq.com.
T IBWAES: BFit (1967-), B, #d%, FENFITREHIESIEARMING BLE A TS, E-mail: nxyxd@sina.com.



55230 AR, A5 JET/ N STCAR TCHUSINE 5 73 8 U5 vk 237

fil, AR FRIELRAG , AEFERCFCE S OBFREE T AT YO TR, B BEE IR PR AT , SRAEH] 0
L 125 R (3 S LA 43, AT e A P R AT T T B X I, P T U B R T rhi
W (Pulse Eddy Current Testing, PECT) KA R BEAOBRAT , TR MM ik PV OB , EX T %
T BRI e R ORI S | L A7 3 A B A M 5, PR e R 75 5 ot A A K
7 v LA (R A | 52 RS R R O, ELARII SR SOAP A TTHE00 . (EAE AR M 7
OV M £ 1255 o 53 0 B e R 7 25 2 B o 5

SCRR 1) T — P AEE RS L PR T R B b R 75 o MO Sk , GUEHHVRAE T IR A 1T 20, t
TR AN It XU ST IR R T A L s R R R L Atk | LU A 5 4
AT, (R PR . PR S | R TSR s . TS50 R A TR P 2 T ML RS /T
U A 1 OB BEDART: /N HT B 5 2 AT T 4088 LSS 5 7 . AR 1SR
52, ASCHRAE L R S I 5 RIS A T IR NI S ICA S A A 5 B i

1 EEEEBE /KRR AR R R

L B -
R, FUE AR R R R B
PEIL P TR R TP R A% g2 MH2RKE L | gt
BrhHL R, P AP e A IR |
(LH R A R B R B B, T | SISO 00—

PRI 22 AR LR, SR B A L | OOOFRRR e
JEIRERIRATE S, PRIk [, i | — -
PREEACRENR™ S IR B R R RT S |

A E R EARE R 227 AT TR I IR 18 2%
I3, WA 2% R R AR5, RS 2 DI | SAEoMEEnEEE
W2 AR IR T, IR TR I A 7 T A

BT IHORETROAS: H ) FL R P R A L ki TR S5 s 2fs . nTRVE L, AR A AR Hes , B
AR ARG RIEAE S B KR S S SR, JEMRIE LT 4l s AR5 RBOE E 8 R kiR i
RS PUE , BAFES ML R, BETHESE A RHE, SURMIEEX G55 370 B S L AR e
(1 P R B R o I S5

12 12 %1073
10 10
10
z 8‘ z® z ‘
2 > <
s = 35 |1
2o Toe o5 \\1
o) i {iz |
=l = = M‘ *“ ‘
2 47 D 4 EN “""“\HW"“\"\ “@’,ﬁ, \"‘M T
\ ol il \
21\ 2 "Hw N ‘
N | '\|
0 B — — ] 0 B
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
it [a]t/us i [alt/us ) H~J“{VETJ t/”f -
(a) EHHHESEE (b) Bk iR R A ERIUE S BTE (o) FRREEE P HUEAEIUE S8

B 2 SHEMESETE
2 LTHREHIBEZIHERRE

AR A fi s (Variational Mode Decomposition, VMD) & A MR A IAEE (Empirical Mode
Decomposition, EMD) Z3 iz At BB TR S R (IR 202 [m] AU I 12 18 9 — ol 1 52 3R U3 95 5 0
2, ERABURZAENIEAR Y. VMDD AR S B 15 520 it T A BSR4 (Intrinsic Mode
Function, IMF) , BVESHURIRREE 1055 . AB0E 70k 1 10 3 IS B By AT — P DoAitRw (k) FI— AT BT 58, %)

~



238 B R (HARRIED) (FR3Es0) 20224F

I LRI B MRS R ECZ MR TR Trx (1), FFELAR T BB s B0 S8 Z M fe /. AESR AR AR S35
TIREAGSRE S, w (k) FIASASAS s SEAN BT HORT , feJm ik B2 A5 5 A9 FLE S \ﬁ’q’: E/\%?EKRT“ T
Gt , M HIME 2 G T 58 A0 R/ IMEDR AR E AL 3 RV AL A4 AL 73 2T AR R SR 5 OR

i LS00+ 4) s 0] 2
stzk:uk— X (¢)

(1)

J—it':':‘ 5(@%$'fﬁ#’fﬁl¥l§&, {Uk} = {Ul; Uk}%%ﬁﬁA* B& {Wk} {wla ’ wk}%%ﬁtA* é&ﬂ/]':':‘
O 5 KRR

HH B I TR ERES B ORERE , FAHIHRS B H ofe Pl PR 20w k. 7 e fa B ks B H 3
KK

L({ukh{wk},m—aéna[(6(t>+,@)*uk<t>]eJ‘W||§+Hx<t>—§luk<t> +<A<t>,x<t>—§luk<t>> (@)

/\n+1 /\n+1

EWGEE afe IG5 AR PTRE I H T 5 %Uﬁﬁi!ﬁ%?ﬁc%ﬁi{fk%ﬁ SRl S e, W,
%ﬂﬁk BOME, SR A TR 91 b s e, P ST, i, (w) D, T A5 8 L2 ?ﬁi‘%ﬂ“j\]

ﬁnﬂ w)= X w) =Y 1 (w S\\(W) !
o >—<x< =2+ >1+2a(w_wk)2 )

fooow ak

(w)rdw

n+1
W

(4)

A (YT (@) — 3 ) (w) BTG IENE 5t (w) 208 FLI 0 AR5 SR e (1),

i#k

3 NREREZFENERRE

NI X (5 S AR 0 A 7 3 T 45 S I i A5 B L o, i SRS BES RS L (. /NI
éj\ﬁ’bi’:%;/ffzf ANBET TR IR | AT LA T R 5 SRR g A3 AT 7 A 730 23 ) — Rl S AN 4 4 E%étfi??

N TR T /INBE I P R RBOAR  AR E 2E RRA B ) 0 PR B2 Y IRV, SRAD 1/ INBE T 1 14

Z:E[IG]‘

TE/NBARL A, 2 SR w,, () P ZS R T 25 W, PR w,, () P ZS R W2 . Sw, ()i 2 T
FIRUETTRE -

W () = V2 Zh o (2t—F) (5)
Wapy1 (1 \[Zg (2t —k) (6)
Kbe h(k), g (k)RR IED A AR IR R AR R KL, I Hg (k) = (-1 h(1—k), BNXPIDRECRIELR
B PREUGE {(w, 2/ N
AN RS AR
J% th 2zqk —hn
J2n+1 __ 1,n (7)
q; Zk:gkfmqk
AN AL A B AT
J_l’n:Z |:h172k- .’ +gz 2k q1 2n+1} (8)

Hor: gf 2 Filg) 2+ R T PR B RS 2! 28 [ W W 2 - (5%



%524 ABRK, 2 TN SICAR TCH NG S50 8 ik 239

4 ICAEEMEKRRIE
ST AT A% (Independent Component Analysis, ICA) JE3ET5 5 M MG T HE B ARFIEFE I 2%
BRYZ O PN 22 DO 2] 14 BRI (5 5 P 0 B S AR S, IR A RE 5. BOE BARSLIRGE S BY (1) =
[a (8) s+ sy (O SIIESIEH () = [ha (8),-+ b ()], WH Y () F7R N
H(t)=AY (1) 9)

Forp: Afnosom (n > m) AR TFRIRGHERE . S0k 2N TIERE S Y () MR- FE I ABAR TS
BT, B nfR AR AERE B | (455350t A0 7 S 50 () VR A S R A 3

Y(t)=BH (t) = BAY (%) (10)

5 ETFVMD-ICAFI/NEBSICANESES TS

H T ICAUSEI S 1 B 525 155 B £
Z, MICAK % U T E sUE 2 B I B 1,
s BB B R B S5 S AT UL B, 74
PR AR 5EIE , A B T HHICAT LR Hat AT

Sr . WG LRI VMDA NI AL A 19 A S A | mmmlmw |
NICAB LW AR, &IRZ)5 , 1542 AH 5 Ad 7 | e
N=N y S A e Sz JHIEE S |
AR, T T PECT /EMATAE A4 rh 5 I
S B M SRR AR AR I E 3R N TCALNEE, =H9E. Afk
. MEE S
6 FES5%ZEESth !
RT3 T BAAER A, A R e ep L | mtemsrmmie |
AEMATHIPECTHIAE S, P SN 5 i pres
TTVMDAMERE , NPRE RS AR EE , o =
2000, K=2.7=0.3. B4 RunE4fs. E 3 E8ESSELHRER
10
8r 1 0.05
2 2
5 5
pl oo
-0.05
0 1 2 3 4 5 6
B [E]t/us EENETS
(a) FfkihiRiR s SHE (b) HEHEEESHEE

4 VMDA RRHRES S RIKR
ME AR S5 B R AT LIE L, Db i (s = 85 E A B kb it 5 = BB AR, EiREV 2
P/ e PSRRI A 5. IR VMDS kA By iR 4R 4 I8 a2 ELIHMRAE 15k , FRIGHE S 155 SRt
55, i R PG MARE , FEUE SISO, A S
JETVMD I B ISR G007, X SHAUE I T VMD-ICATE /3, Z8d /3 B A F 5 A5 5 an &l s e
. MESEIE TR LI ), VMD-ICAS 00t B A BB EE 3 LF-—4E , BVRARB L RE S 5,
BAB KRR S POE . SO EAE T T ZE G55 1.



240 B R (HARRIED) (FR3Es0) 20224F

LT PRSI 43 B 25 R T LA . VMDAIVMD-ICA PR SIRARAGE FH I A 155 B /0. ARAE/ N
BALTRAEAT S AL BT T AR, MM RSEM A& E S T8, /NEEEE PR dbak s 5, R SR
G BT R E RGNS, S B EA S (R S s 6 s . AIEI64r B A AT LI Y, Bkl (55 iy e O
N AR TUPOCWAFAE—E M 22 5 LRGSR — A A RWAATE—E 22 . (H 5 VMDAIVMD-ICA%- %4y
FRA AR L, /B SRR Y o A 2 R A

N~

10
2 >
< £
\
22t 1 2 |
i ae 5l
EJ 0 1 @ \”\f\*ﬁ
L L ! \ 0 , T S —
0 50 100 150 200 0 1 2 3 4 5 6
PRI ©10°3 (8] tus
4 T \ 51 ‘
:
=) 3
33” ? ol
< b
= =
i 5l | |
0 50 100 150 200 0 1 2 ) 3 4 5
P ET 18] t/us

5 VMD-ICASRRIRIE S RIKN 6 NEBEZSBEIEILRESIKEE

RIGPECTHEMAT(E 54 A MFEs, /N
W SICAERG I EX A AF 5T 8. /i ik
PRAbaSL R, R EEGERE 2, ARG R BRI
ERAENICAB R A, KICATH HA )5 WA
ST IRME S A R TS
M TR IR AT LIE /N SICARRS Bk
o3 B ) R RE R PS5 K IR S S B S 2 AR
NAF S BTG ARRL, (HIREASE. X=RHICAS B
2L EE IR G S SRR AR, BT Bt
N, ICASY B R AN B 58 & LR (5 5 Ak 11
HICAH A B B A AT EER R
(1) J3fiff IR 5 & 0 B T AT E 1 5
(2) 43t BIRAE 525 o IR FE AN e Pk, B
A3 RS IR S5 U85 5 IR 1T A 2552
JRUETCAT R 85 05 5 U7 R B 2o Ao e v, (55 s A R m B e b, Hot
SRS S REIE RS H S VMDE L | VMD-ICABIEFVNE R EEM L, EEAHFE S ES, /N
HICABREFIEXT L E A5 5 1 o B a5 R 4
T i
XS HER T PECTHEMATH = AEALBELL e VMD | ICAFINE B HE 4 H R, JF20#87 TPECT .
EMATHIE A5 S 04 . A FHVMD . VMD-TICAFI/NHEAD, | /N 5 TCAB X 52 A o5 b 46
AR ST T 403 . WA A2 a RS BT AL, ZEPECT/EMATE &5 5, /NI SICAZ K H %

LA UMV
e~
» [o2] —_

N
~

50 100 150 200
PR EIE

o

-
o

(4]
T

AL UV
3

o

0 50 100 150 200
REEE

7 NEESICAKE MR ILRE S KE



55230 AR, A5 JET/ N STCAR TCHUSINE 5 73 8 U5 vk 241

AN B RCR B, B 1 IR SRR A S
Sk

1]

LN )

LIS EENE

L

(10]
(11]

(12]

(13]

14]

(15]

[16]

Rk, WA, (T2A7E ) 45 o A E J R BUIR R & SR A H ). IS I M TR, 2019, 38(S1): 14-17.

s, BB, 2Rk, 5. BRI E &R IUIR K AR H ). ISk, 2017, 36(4): 375-380.

JECHE . 45T R JEL I B AR P T U J ). Bl H AR 5% 4%, 2013, 3: 20-22.

PR, T RE, EIAEE. A IRPETEL A I R ST FE (D). I EEZEIR, 2004, 25(S4): 1052-1054.

TP, T, RAASE. A IE RS P T A R [0, H R, 2014, 40(1): 88-92.

WA, B, OVE, S TE R R T ok RS U R B S 0. Wil U#IZ, 2018, 37(6): 608-612.

AR, LA RS B AE SR AR i N (). TEBUR, 2010, 32(11): 850-8534-856.

FI A, ek dn, F Iy, S5 T BRia i / o mé e P 52 5 A6 J5 v f0 S 2 B A DN ). TEAUAS I, 2016, 38(12): 9-14.

M. —FhIEFEMAT SPECTHLHLZE B & B IS W5 (D). J8AR: B FRHE K2, 2020.

PN, 5T L T P 55 30 U P T AU AR BIFFE (D], WA 7R BRI Tl R, 2017

RYOICHI U, TETSUYA U, TOSHIYUKI T. Application of EMAT/EC dual probe to monitoring of wall thinningin high temper-
ature environment[J]. International Journal of Applied Electromagnetics and Mechanics, 2010, 33: 1317-1327.

XU UL, dae e, sk, 55, SRAPRMBRIE AR REE R /i i 2 S BRI SE). 72 HOR, 2018, 37(1): 43-50.

FHEHBY, faatdn, st & JEF/NE 0 B Ak b It / B R 7 2 & ARl vk (9], Hh EHLAE T, 2019, 30(16): 1925-1930.
XIE S J, TTAN M M, XIAO P, et al. A hybrid nondestructive testing method of pulsed eddy current testing and electromagnetic
acoustic transducer techniques for simultaneous surface and volumetric defects inspection[J]. NDT and E International, 2017, 86:
153-163.

LI X H, WAN S K, HUANG X W, et al. Milling chatter detection based on VMD and difference of power spectral entropy[J]. The
International Journal of Advanced Manufacturing Technology, 2020, 111: 2051-2063.

TR FYE, 4xRE, PR, %5, JET/ MBS IR A4 L I T RS R R ) B A R FH RIS 1), s TR 244, 2019, 34(6): 1170-
1179.

REHE: BHR

(L3S 228 T0)

(28]

29]

(30]
(31]

(32]
(33]

(34]

(35]

(36]
37)

MARCYSIAK A, SZAREK S. Effectiveness of production in soil contain different of heavy metal level[J]. Acta Scientiarum
Polonorum-Oeconomia, 2009, 81(6): 1378-1382.

KHAN S, CAO Q, ZHENG Y M, et al. Health risks of heavy metals in contaminated soils and food crops irrigated with wastewater
in Beijing, China[J]. Environmental Pollution, 2008, 152(3): 686-692.

SRR, 4000, BRIFDE, S5 WV H A RS S A A B 15 Y 0], B, 2008, 63(1): 3-11.

BIER, BRI, B TR AR B RAEUR. B8 AT 122 77 3 D S v HE 4 B A RIS 0], BSR4 (A R
Bl2ERR), 2003, 20(3): 260-263.

JERHE. Brim TR X -8 /B A S Ern & i 5 A RERR (). Bii KA (B ARRI AR, 1992, 9(4): 111-114.

AETNAR, SEmiat, 505, 55 BAFINHRTE TR R 575 R AR A2 M IE (0], B R as a4 (A R BARR), 2015, 32(3): 330-
335.

NAYYAR V K, ARORA C L, KATAKI P K, et al. Management of soil micronutrient deficiencies in the rice-wheat cropping
system[J]. Journal of Crop Production, 2008, 4(1): 87-131.

U, BER, R R, S BT IR SR AL f AR (1 ) I K R AR X IS 0). A IR AR, 2012, 31(1):
75-84.

KA, Bra e, XUBk. H E R 13 S B T5 YL (0], K R ARREITSE, 2013, 20(2): 293-298.

WRSCET, 2595, £, 4. T EAR M 488 4 R 25 B AR RRE B TS YT (9], SRR, 2020, 41(6): 2822-2833.

RIEHRIE: KAM



