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Simulation Study on Synthetic Aperture Imaging Method for Rectangular
Defects Based on Laser Ultrasound

He Li', Guo Hualing
School of Electrical and Control Engineering, North University of China, Taiyuan 030051, Shanxi, China

Abstract  Currently, laser ultrasonic synthetic aperture focusing technology (SAFT) is being increasingly used for
imaging and detecting internal defects. A method, based on the synthetic aperture postprocessing imaging methods, for
achieving high-quality detection of rectangular defects inside a specimen is proposed using laser ultrasonic mode wave
imaging optimization under multifusion preprocessing signal technology. Differential calculation, envelope extraction of
signals, linear interpolation of maximum values, and removal of artifacts using the mean value are performed on the
detected laser ultrasonic mode waves, and then we select the processed mode waves for SAFT imaging. The comparison
with the imaging results from mode waves without prior processing indicates that the postprocessing imaging method can
accurately and qualitatively identify defects. Furthermore, errors in longitudinal depth detection and transverse width
detection of defects are reduced by 2.37% and 30.88%, respectively, improving the accuracy of defect size and their
location determination. Thus, the imaging quality is considerably improved, as evidenced by a 1. 88-fold increase in the
average value of the energy gradient (EOG) function, which characterizes imaging quality. This postprocessing imaging
method achieved qualitative and accurate identification of internal defect positions, precise size detection, and high-quality
imaging, providing a promising postprocessing solution for laser ultrasound-based internal defect detection methods.
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Table 1 Properties of structural steel material
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Fig. 6 Differential pre and post ultrasound signals detected by defect model and defect free model at N=75. (a) Differential pre

ultrasound echo signal; (b) differential ultrasound signal
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B 14 75 A7 AR Sy Sl o A A5 5 S R VRN B Bl B S B
K/NA 2 mmXx0.5 mm, B EOG ) W 1% i1 & X 1]
4 mm X1 mm, % X FZJ7 ) L BT A AR 2 05 0 K
B2 25 00°F J5 fn B, #5 3 EOG i, /#8158 W 5
) A5 5 B, AR R R . EOG 1 3k X

Pzgg{[g()(#— 1,2)—g(Xx,2)] +

[g(x.2+ 10— g(x.2)] . (12)

2 H R 5 A R AT R R 1 EOG MH 4 B
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T SAFT ARk iz et . sl 13 Poos ARl
I E T 3AEEGE AL 1,23, 34 B BE B R
B 2 1) R B 43500 R 4 mm, 3 mm L 3 mm, Bl B /N4
AN 1mmxX1mm,l mmx0.5mm,1l mmx0.5 mm,
PO A5 R R 7 T B R B A AL AR [, A 2
BB 5 AR R L ] SL X Bk B
B AT AR
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| ]3mm I3mm
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' 20 mm

13 ZBRBEHIRL R
Fig. 13 Schematic of multi defect model
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1.10 mm.0. 95 mm.0. 92 mm, HFEFL 1.2 37615 5 Fi
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Fig. 14 TImaging results of the multiple defect model. (a) B-scan imaging; (b) unprocessed SAFT imaging;

(c) pre-processed SAFT imaging
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Fig. 15 Normalized amplitude at defect imaging location. (a) Longitudinal depth; (b) lateral width

B TT Ce) FEL 14 Ce) A mT 3 B b SO0 00 21) 155 52 2%
X358, BB AG 0 e B Ao, T B2 000 Ak 7 3k T o s 51
X i 56 B A5 1 S PR 0 R DB B B AR RN A
BT b AT 28 5 434, B0 B 0 AR /N A B DA DA
J7 1) b HEAT W, B RE BUR T i EOG 3R o P
YR B [ B A% Y 1) BE R (Lw) O\ 1) I (1Ld) AT AR
15 5 2 455 K054 & (multiple) (9 20 7 WL R 1 6 46 9 25,
& 2 A SR EE S AL BERT S O R R RS [ SE B Y
BAG B, 2% 3 0 TUAL B AT IS i % = B EOG
1B, 4 4 S 790 Ak PHRT IS 2\ 1m) TR B RRR 1] B ) R 25 B
Wi LA S 18 i i EOGH A5 8. & 2.3. 4 hil LA
F o 6F SL AR 2 704k B R JE A AR R AT 6 L X i
3 5 R N 7 i) 198 00 5 2 U /N L AR R T R A T

K2 TIPRBUE S TRAL SRS 2 1 R R R 1) 5 R 1 IS B
Table 2 Actual values and imaging values of longitudinal depth

and lateral width before and after preprocessing

unit:mm
o Single defect  Hole 1 Hole 2 Hole 3
Condition
Id Lw ILd Lw Ld Lw Ld Lw

Reality 5 2 4 1 3 1 3 1
Unprocessed 4.89 1.12 3.86 0.90 2.81 0.54 2.81 0.55
Preprocessed 5.05 1.83 4.05 1.10 2.90 0.95 2.90 0.92

JE A RINRT L, $2 T 1 X A 1) 5 A9 A 0 BE T e A Bk
B B9 R R /N RIS ) S0 B O Af 5 AR A EOG 35
e o 1) BB 5T B R AR v, AR B A P 2 RS T
s TiUAL BEAT Y 1. 8847 .
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3 PR EET S MR B EOG fH
Table 3 EOG value of imaging quality before and after

preprocessing

Single
defect
Unprocessed 1.71X10 " 1.55X10 2. 4410 *3.34X10 "
Preprocessed 3.47>X1077 3.04X10""4.17X107"6.13x10""

Condition Hole 1 Hole 2 Hole 3

Fd TORL TS A R L R [ T R B4 15 22 B i 5
EOG {4k
Table 4 Error reduction and EOG value multiple of longitudinal

depth and lateral width before and after preprocessing

Single

Parameter Holel Hole2 Hole3 Average
defect

Ld 1.2% 2.25% 3% 3% 2.37T%

Lw 35.5% 0 41%  47%  30.88%

Multiple 2.03 1. 96 1.70 1.84 1.88

6 Z% 1

B F BOGR S Y Bl G A i L AR IS A B AR O
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X R P Y ST A 5 UE AT AL B, % F sk
2 G BRI VE AT 5 AL PR ARG o 8 S X BRI 2] 1 6
A AR R R AT 22 43 10 A 4% BRI A 2 A K
1B 2 1 4 (E LA S ¥ 18 Ak 25 O 1% 00 Tl Ak 38, P OE T
SAFT X WiAb B 2 J5 /) SL & =3k 3 17 & L A2 4k
PR AE WA

S ST < T 4R T 1 T S R O3 AR X 5 A
T R ol TR ) A% 25 R B EL R BOHE 4 BT L M L T Ak B
Y AR A5 5L, T Ak 385 Sl B AR A B 2 1) TR B 1)
TR 25 BRI 2. 37 %0, A8 1] B 85 A0 4G T 158 25 SF- 35 B AR
30. 88 %0 , S T 5 B 14y IR <F R /NS B 00 KGN
) 2 BE 42 T 5 iR 58 EOG XL Ak A BE A IS 14 A% o & F
FEXt b, B A% R 22 W 384 i, 1Ak 2S5 EOG F 2 {A
e AL BERT B 1. 88 4% o T $ A Ak 7 12 % Bk g A 2 B
A SRR I B A — AR AT R . 48 1 SAFT )5 b
AR AN AR 7 ¥ A8 B 05 b 92 BT % R b e R Y
PRSI, A RE DN ) b B T R B R SE AR TR
AT 2 S G U0 IE Y B Ak B vk
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