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Research on Noise Reduction Method of Underwater Ultrasonic Echo
Signal Based on EWT-FastICA

AN Jiale, ZHU Ying , ZENG Qingjun
(College of Automation , Jiangsu University of Science and Technology, Zhenjiang 212000, China)

Abstract: Aiming at the problem that underwater ultrasonic non—destructive testing is susceptible to noise signal interference, resulting in
low defect detection accuracy, an underwater ultrasonic echo signal detection method based on empirical wavelet transform combined with fast
independent component analysis is proposed. First, the EWT algorithm is used to decompose the ultrasonic echo signal to obtain the intrinsic
mode function (IMF) of different scales; then the fuzzy entropy value of each modal component is calculated by the fuzzy entropy algorithm,
and the required modal components are screened out; finally the FastICA operation is performed to reconstruct the screened IMF, and the
blind source separation of the ultrasonic echo signal and the noise signal is realized, and a pure ultrasonic echo signal is obtained in the end.
The simulation and experimental examples show that the noise reduction method combined with EWT-FastICA improves the mode mixing,
endpoint effect, over—envelope and under—envelope phenomena that occur in traditional empirical mode decomposition, the noise reduction
process is faster and more accurate, and can be applied to similar underwater ultrasonic detection signal noise reduction processing.
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Fig.3 EWT-FastICA noise reduction algorithm flow in this paper
B3 A EWT-FastICA BERRE LR

2 HEERSH

AR SR R HE 43 M 8 IE 3 T EWT Al FastICA 454
{14 R M i AR 3 A R R T YR I B8, IR AR 25 S i
KRIEATIEAS , % LA M L SNR L3907 15 2% RMSE F1AH 3¢
g\%ﬁszvﬁqﬂ:

S (k)
SNR = 10lg ——*= (21)
Z|x2(k)—£2(k)|
1 N 2 a2
RMSE = /NkZ'x (k) = 2(k)| (22)
cov (x(k),x(k)) (23)
D[x(k) D[ (k)]

He x(b) WEBHES ) N EBREHES,
cov (x(k) (k) BT IRIGE 5 SRS S %,
D[ x(k) 1. D[ (k) 15308 IRAE 5 FIRERR 5 A5 5 1 7 25 N
FRAEAEL . SNREUEE K 155 7 Loy, M Lh
1%, MRS R B . RMSE Flp, KUK, P SR by

MATLAB H (% wnoise PR AT DL AR B 22 i 56 1iF e 168 7
AR HEI A 55, P A SCRE B e 1L 7 dB 1) £ 3 )
(Doppler) {55, X 55 W () 2235 8 {5 5 HEA T AL 34, % i —
SE RO MR 0 LA B, X6 e AR 2240 51 R 0.2 T 100,



116 - L QRO | 2024 4F

M A SCE R AL B AT LA B AN A 4 BT 7R AR 9 RS
orhEe TR 55 E MR I3 fifk DA A e 3 38 R At ) —
F AN i CH PR A AR O SRR IR SN AR B DR IRAED)
PRS2 E AAOC R R 1815 5 LLE 94~ IMF
SR A O R BRT , ph R W i SRS IMFS . 5K
H A IMF 23 F2E AR (FD 5 M 7 1555 1 0, B 1 1 A5 20
o e, I FsatlCA SR HIRE S AR, 75 21 [
WS (RS, OB L H T R DR 2E MR O 2

10 ‘ ‘ ﬂﬂ%Dogplerfﬁ“% ‘ ’
A
YA
" 200 200 600 400 1000 1200
IMF,

2 T T T T T T T T T
=
= 0

2 . . . L . . . . . .

100 200 300 400 500 600 700 800 900 1000

i
IMF2 ' ' ' '
g0 'm"'w'wmmwwww.w\bWwwnw. w.wmw'-MM.Wn'mwm'mwaWﬁ«'www
100 200 300 400 ;ﬂg& 600 700 800 900 1000

2 n L ' . . L . L .

L
100 200 300 400 500 600 700 800 900 1000

P
IMF
5 ; : : : A :
gum«/\/\l\l\l\/\ﬁ v W
100 200 300 400 500 600 700 800 900 1000
IMF
5
5 : T : T T . T . T T
o
EOM/\MW\/\NM\MWW
5 . . . . . . , . . .
100 200 300 400 500 600 700 800 900 1000
B
IMF
6
5 T . . T . . T . . T
gowﬂ/\/—\_\w‘,w‘_
5 . , . . . . . . . .
100 200 300 400 500 600 700 800 900 1000
P
IMF.
7
5 . . . T . . . . . T
EOQ/\/\/\/—/\’————\
5 . . . . . . . . ) .
100 200 300 400 500 600 700 800 900 1000
P
IMF8
.

g2r 7

Eo 1

2F L 1 1 1 L 1 1 1 1

100 200 300 400 500 600 700 800 900 100
Bix

N

I L]
100 200 300 400 500 600 700 800 900 1000

Fig.4 The first 9 IMF components of decomposed Doppler signal
4 DopplerfZS 4 @HAIET94 IMF 22

AR SCHEAH FH 3 i 5 1 R AT A M b B, 2 BIOHUAE R AR
— 3, AN AE AT EWT 4 ff B, 3 R0 5 i 34 i 9 2
EWT+/NE R TE SR T AR SR 1 symd /N i bR
o T — M9 EWT—FastICA [ M550 vk 1 7S S [ Mk 8 1 3
P17 5 A B b AR PR — 3, (A AR SCHE S 1 R 8
T 43 RIS, 43k 7 6 350 43 s A AN ], LA IR g R IE 3 Fh A8
AT, SRR BV LB SCR IR bk . SR

ERIPNEE-
g6 [ ! : : ! : ' : : 1
TEI 200 [ b
E
200 £ . . . . . . . . . E|
200 400 600 800 1000 1200 1400 1600 1800 2000
M1 B H,
1w0F T r : : - 1
o 5+ 1
=] i ot
SE L L 1 1 L L 1 L L ]
200 400 600 800 1000 1200 1400 1600 1800 2000
R
EEiES: L
200 T T . T ; ;
100 B
)
E PRI RY
200 400 600 800 1000 1200 1400 1600 1800 2000
Biige
ELiPNEg -
400 r : : r T
o 200 |
B
E
200 & , . . . | . . . . o
200 400 600 800 1000 1200 1400 1600 1800 2000
ik
FIMK R
1000 T T - - - - : ;
o 500f
I
g

L
200 400 600 800 1000 1200 1400 1600 1800 2000
Pk

L e B

‘E o——m—‘z—»——v—J\/\/\——s——-ﬂ——AﬂJ—
=500 = L L L L L 1 1 1 1

200 400 600 800 1000 1200 1400 1600 1800 2000

Bl
CPET TS

= 1000

I

E

200 400 600 800 1000 1200 1400 1600 1800 2000

PR
CRIES TS

L L L L

200 400 600 800 1000 1200 1400 1600 1800 2000
ik
X
:

500 T T T T T T T
g " \/V\/\/

200 400 600 800 1000 1200 1400 1600 1800 2000
B

Fig.5 Autocorrelation function of IMF component of doppler signal
5 Doppler {55 IMF 4> £/ B tH X R



10 3 THIR,R BB IREE 3T EWT-FastICA (/K N R [0l 5 5 FE R J5 17 - 117

1 i MATLAB 75 21 A4 05 ELEE A 1 6 fiF s .

10 Jn:Dopplerfs 5
100 200 300 400 500 600 700 800 900 1000
i
EWT+/) 3 B I
10 T T . T T T T
P
@0
10 . L . . . . . . . .
100 200 300 400 500 600 700 800 900 1000
B
10 — B INEWT-FastICA [
10 . . . . , , . . . )
100 200 300 400 500 600 700 800 900 1000
B
ATy 1 B
T T :

L L L L L L

100 200 300 400 500 600 700 800 900 1000

Fig. 6 Comparison of Doppler signal noise reduction results

El6 I Doppler{s SR ER LS

HRAE & 6 T 0, 2% ST 32 76 b B I 2 35 W15 5 B A 3k
AT EWT 255 /N B 14 75 1 il — it EWT—FastICA [
Ry v | A MR 23 L O R 5 T RS, B /N LI
W, JUHAEARAT B 43, — Y EWT-FastICA [ M3 % 1 80
TUREJLF- R 0 B B0, A SCRE I T R B )8 4, (15
TRAEMK S RO R/ B 7 SRR 25 SR AL R bR an % 1 IR .

[ B 1% 5 EMD 4> fif

2 ! ! : :
o 1
2
=0

1 h | ! | . . |

IMF 1

1 ;
Fo
=0

4 . . | . .

IMF 2
T

IMF 3

T

1t I h h I L L ! I =
200 400 600 800 1000 1200 1400 1600 1800 2000

Hii% (seconds)

Fig.7 EMD decomposition of intermittent signals

7 EMD 3} EE{ES S HEE
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Table 2 Performance indicators of intermittent signal noise reduction
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Fig. 10 Physical map of underwater flaw detector
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Fig. 13 Comparison of noise reduction results of analog signals
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Table 3 Measured analog ultrasonic echo signal noise reduction per-
formance index
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