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Research on ultrasonic defect recognition method based
on deep transfer learning
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2. Anhui Intelligent Demolition Equipment Engineering Laboratory ,Ma'anshan 243032, China)

Abstract ; Data-driven ultrasonic defect identification is widely used in aerospace and industrial manufacturing. However, obtaining a large
amount of experimental data remains challenging. While software-generated simulation data is easier to acquire, it differs significantly from
experimental data, leading to suboptimal performance when applied directly. In this paper, the ulirasonic defect recognition method based
on deep transfer learning is proposed. Firstly, ultrasonic testing experiments and ultrasonic testing simulations were carried out for defects
of different shapes, sizes and depths in the specimen at the same time, generating both experimental and simulation data. Furthermore, a
deep learning model for ultrasonic defect recognition was established based on simulation data. Then, a small amount of experimental data
was employed to fine-tune the pre-trained model through transfer learning. So as to established a model that can achieve accurate defect
recognition on the experimental data. Finally, the prediction effect of the built model was verified through experiments. . The results show
that after transfer learning, the accuracy and precision of the ultrasonic defect recognition model significantly improved, both achieving a
value of 0. 956.

Keywords : deep transfer learning; ultrasonic flaw detection; defect identification
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Fig. 1 Basic principle of ultrasonic defect detection

using pulse reflection method
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Fig. 2 The building process of deep migration model
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Table 1 Specific situations of different types of defects
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Fig.3 Flaw detection test system
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Fig. 4 Defect test specimen size and defect location diagram
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Table 2 Simulation parameter settings
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Fig. 7 Comparison diagram between simulated

signal and experimental signal

M7 FTUAE i 07 800 55 5 96 K v 9 45 ik
W HY A7 A R] , S0E T () S ) TS [R] S 3 AR
PR UL R REAS S BT A% 27 > RO JER]

(EL0)s RS 5 52 6 R Hh P i . 0 I3 90 1 LA 1
WS EXAIRA SCHEATIE AL 2 > B i e (RS, 0 B
A, T XA 22 S 1) S PR A T I A7 A Y o A
AN e) TR BE A — Bt )l [R] i P A i o 7 2
32 B SLYG R I 10 07 L34 WA A7 A 3k 26 ] 5, fi
L3 5 ELROE 5 S R AP A ] 25 5, X 22 S 1
S BTy A A A 1 e TR R A LA X S5 A D
B0 S B T

3 REIBRFIEBEBZISTMNRRSH

3.1 HEfmakE

F PR FIR 2  Z 2  = R Sz AR 0y, A
SO EAS B A B A K2 SEF T s R s, DL OREAS AL 1]
Zra R R R RO R O FLAE S R AR AR IR A B
BRI FARK R 5 W, &R 2 dB, o] 15 )
32x5=160 HEHE K05 BAF 5 1 T 4 1k, B>
2 dB, AI458] 32x4 =128 Z5d , MIMRe AR 4 K2
FEAKCRAS A FOR B 10 %5, B 320 415085, id 4 K3, 9"
R AR AR Ik 4 PR

x4 FHENHEHES
Table 4 Amplified simulation data set

B4 S BdEHEROIE mSsdRAse Bt
R LA 32

PHETTESE K3 W 3 160 320
AR N 128

3.2 ERFEIAAIRBRENET

R4 K3 i A A AR 22 00 28 2 <7 e o T D
Y T e A JRE T B A R AR 2 ) 285 2% SR ) 2 5L
LABR /M R R, S S 07 50 R HE A JE F) o A TR
SRR | AR SR A S SUR R REGT S I At
WA, BRI (3) Bs

1 ~ .
L== X bydny, + (1=y)n(1=y) ] (3)

e MO AR 2558y, STUBR  ; 5, AR 4
o PITEEST A B R 28 I 28 B TR (19 2 B2 b Ak 2 50038
H 2, IR R Adam AL : , BRI 50 )
B ) R0 0h 10 F100. 001, 27 ) AN R F B H R %
K24 0.5, 222 R R RER IR 5,
3.3 EREAIE AR R E T RR 45 AT

i K1 $305 4 0 R U 00 S R A R AT 06 i, 3
1R (4) ~ (7) TR AU B0 E T R (accuracy ) K
K ( precision) 4 [A]3 (recall) #1 F1 4340 (F1 score) &
PPN AR IR A B U AEOR

TP + TN

Accuracy = (4)
TP + TN + FP + FN
. TP
Precision = (5)
TP + FP
TP
Recall = ———— (6)
TP + FN

Fl Score = 2 % PreCL.SL.OYL X Recall (7
Precision + Recall

K. TP 2 B PHPEREAS TN & B AYEREA ; FP R R BAYE
FEAS FN 2RI MEREAS

T TS T A B TR R A AR R T S S AT
PR BT T 1S Ras T BOE Y E R N
ZRLEOL PR AR 3 i 5 TR ) D G ST g I oA A R ORG
W A [ F1 208053 312 0..042,0. 042 0. 003 Fi
0.006, %45 FRAE T 0 AW K3 8y s bE U]
JE BRI X SR A K1 B PSR A 22 | 40 Fr vl i 32
B R AE T 5 B S g B A 5 07 LA 2 TR AR AR R R
E5,




5512 1

BB P 45 5T IR EE IR 27 ~) AR P BB SR 7 5T 261

3.4 HRFGIRAEBIEERMEST

RT AR 303 /N SN2 A 2 g Il L BT 1.3 4
TREE T2~ IS 7 1, % 3.2 5 FIr 8 ST (0 BR B R 51
JRIARER TR RS 2= 2] AR AN &) 8 TR,

H 53

TR
Ui BHREKS LR HIRAEK

[ [wan | [win

BN 2

B IR A BB

K8 RE TR~ B i U A6 B A i) 7
Fig. 8 Modeling process of defect identification model

based on deep transfer learning

B K1 EH 5 500 S N 2R 4 Rk 4, Xl 43 Eu A9
2: 1, FIFHUIZRAEEE X BB PR ) i i A A R A7 T % 2
>, RIER BE R U AR A TR v 2 RS BUZ A 2 2 Ak
BB EORE I EEEZ 2R 2RE 4
MG IEATIERS UL, BEE A iE 2 AL 24 > R K 1
it B 27 2 R FI{E 3 R 20, R A Adam 53 E4 791145,
I KUNZREFEECRIW 627 21 %253 5128 60 F 0. 005, % 2] 2
FL K T H R BT 0.5, 2% 2 R FEAYJE N 40,
i Y2 AT T BB TR RS BT |
3.5 GRBEIRAERAR B TSR 5 4

o K1 Bk 4 R AL 5 0% 00 a4 X 2 7 4 ) ke
B U RS AR R A T TN A5 4B ) B AT A5k L)
TERS AR AL A T LA 2 RS AR A I FL 455053
4 0. 956 0. 956 0. 934 F1 0.942, 1T Hij J B G IH 50 25
XL anE 9 s,

0 == TR

08F
w06
3
=
B o041

02F

L I )
higiES it ES A F14 %

KO SERSHITR SREESUNBOR X
Fig. 9 Comparison of defect identification effects before

and after transfer learning
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