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Three-dimensional Reconstruction of Defects Inside Flat Ceramic
Membranes Based on Dynamic Array Element Synthetic
Aperture Focused Ultrasound Imaging

LEI Zhenting, ZHU Xinglong, SUN Jin, MA Haotian, LIANG Li

(School of Mechanical Engineering, Yangzhou University, Yangzhou 225127, Jiangsu, China)

Abstract: A 3D reconstruction method of defects inside flat ceramic membranes is proposed, basing on dynamic array element
synthesis aperture focusing ultrasound imaging, in order to address the problems of poor visualization of defects inside flat
ceramic membranes and to reduce the data requirement for ultrasonic 3D reconstruction. In the dynamic array synthetic
aperture focused ultrasound imaging method, a multi-array synthetic aperture in defective areas and a single-array synthetic
aperture in non-defective areas are used. By using this method to acquire B-scan images of defects in flat ceramic membranes
at multiple location sequences and a body drawing method, three-dimensional visualization of defects in flat ceramic
membranes is achieved. It is found that relative errors of the reconstruction of scratches using the dynamic array element
synthetic aperture focused ultrasound imaging method range from 1.27% to 2.7%, while the relative errors of the
reconstruction of holes range from 2.38% to 3.03%, with an average increase in reconstruction speed of 26.57%. The
three-dimensional reconstruction method makes the defects more intuitive and provides an objective condition for subsequent
defect analysis. The method is well adapted and economical, with potential applications in the field of non-destructive testing.
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Fig. 1 General flow chart of the 3D reconstruction
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Fig. 2 Schematic diagrams of sound field calculation of the
array element: (a) single element and (b) multi element
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Fig. 3 Evolution of dynamic array elements
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Fig. 4 Working mode of dynamic array element

1.3 ZHEGRITLE

PRI A28 75 il 15 2 A [ R RS, A 7 B
BGOSR TP S B A I R | P LB A S R
Mg 5 70 S L 1A 95 1) 1 P MR 75 A o (i 5 P — e (K]
BAEE(EIR LR . AEBRISE N S, RARRRT A
30 A3 DR U A X MR S A AT T — R R
THBR, (ER, PR VX R R P (1R e o3 e
RORARIRFIA . S5 BRSBTS E
FUEIE LA T T B R AR A 2 B R E A TS PR,
TN R AR R R A R A T A 34

VbR B B S 1 — 4k (R FAL B AL B - (1) 2K
PR GER A RABE Y, KR MIE T
SIHEAR B ZERE B A EIE G (2) ¥ B HAiE
G R IR BE R, 25 AR TS SR BE I 5 B
ZaRih s (3) R ELUE BT BG4 T [ M b
B B FHE 0 ER AT RN Y H BSR4 0 KU
PO T B F 5 ARG B (4) XTI S Y 5]
1547 B 43 #) F 43 %] ROI, KA Canny 5742
HUBRBE 25 (5) R RGN BBk e L 05 8.
A AT Bl b DX 8k ) — 2 R
1.4 fREEF=ZRTHL

A= AT AR R 1 5, ARl
T AR T RA 4G R miE
AT DL 5 YR A R B ) AR . B
T b B = 2 nT AT AR R < (1) X &ead BiAb 2 5
1 EUR A T B AR B, B — HEE A R 2R AL b
ZHPY N 5 FR; (2) RRAE DR T 4
AbER | R(E AL TR AL HE (3) N =4 REL
P PRI RS, T AR TR TS A )
(4) W H AR R4 T € A 1 JF U IO R SR A
T S B Al B s S e ) — 24 Pl AR 38R

2 REiRfE

21 HEREFEE

TR oh 2 B R | A . PRIl
“H” BB T, I, IT=MRIRER AT R 1.
TR R 22 AT 6 5 7E AR S L B ) 28 1, “H”
RIS TR BR 2 AT RS S, IRl 6(a)fit
7N o TR ER ZZ A1 W5 o [ 58 7F 1. TR BR 224119 1 5
P b TETIVRERZZ AT 1 00 ¥ i o 2 A 8 s 1% 5k
Je R E, 7 IR ER AT Sl 5 Sk A AR
TR, SR, A SCRHKE RS
R BRI LS T Z A S SR, &



Hi

F44%8 28

BRE %: ETHSHLARICREEFN G FIRMERNBRE=HERE - 349 -

] ) TR BT R DA

M2M PANTHER ZZH} 4245 TFM 19 Tk fEZk
AR RIS T ASEA T2 04 . DI 4ad . IFAT
o8k . PRGBS AEERE, WK 6K, H
HEEIE R LIRS 128 4>, SRR DLk F|
125 MHz, FUPRRERTRE] 16 K &, KA H
YERIA 65 K &, it Acquire BT & A
(SDK), AJLASEELH - H i L .

2.2 FiRMGEREREREIR
TRBCREAS Sy i B B 8, 2 R R AR AL A L Bk
L5 LA R, IRA D4 JE MRS TER
AR PR BT T be g5 R . B R
10 mm, KRG R . K 551 mm, SEETE
1.5mm~3.3 mm ZH], HELE 0.8 mm~2.9 mm
ZIE), S anE 7(a)irs . FLIREEERST: TREHR
33mm, EA2H42mm, BEEAIE 7).

0 Y (0] Y
/|/§ section
/1 |
[ 4
H
1z lz
|
X / :
g SR
Two dimensional 7
gray image ’

B 5 WME=$#HEFTEE

Fig. 5 Schematic diagram for constructing a 3D data body
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Fig. 6 Ultrasound acquisition device: (a) probe moving device and (b) ultrasonic phased array detector
(1-power supply, 2-step drive, 3-controller, 4-H support, 5 (I, I, III)-ball screw)

B7 MEBRREER: XIRRE; (b)FLFRE
Fig. 7 Images of the defects in ceramic film: (a) scratch defect and (b) void defect



. 350 - ?‘%ééﬁ

2023% 4R

23 THEBETERFILERK

G V- A B 3 R B B, 9 3 SR 10 T )
HUBAHE, 3 BT Bebs o m A s Y.
AR B B RS s, 38 I R Sk R Bl e BN P AR
LR AR B BRI AT 8, AT LR A
BITPHIH B S B R 2 S R TR 4
JrE RN B H R T BG AL, &
A3 L E A SR RS, ikl 8 s .
2.4 Z4WRL

P15 il Ak HLR: 36 3ok 35 R 5 3 1) R %) 3 A
TUHRFE RS AT IR BEARAR B, S R (B
BRI, AR R P B 5
S A, T BRI G AE 2 ] ) S PR G

(a) (b)

K R PEAT A SR AL H, SE B AL B R 5
R TAb EEZ RS, A A T R O AR S (A TR
HAMFKEERN S NES . Fizd 2
KAV R 2 EUR KB RN, 5 ZEXT
PG AT I A e 6 b 1 20

8 R AR B R 17 5k B HHEIL &
WA B Z 5, R TFI BRI E & %k,
a2 B A G )R RIS B, SR A E (45 7
AT 9 MR 1] 25 2R (R Bl , 43 BE 4% s (e 25 ()
() 58 I P AN 5% 7 1) kAT 852 21 G- 1T, A
) A5 1) = 2 RIS, 3E 1T S0 S A g B i o 1)
ST ROR , R 5 AL A9 E IR 43
El9o. & 10 i,

(©

B8 ZhiSMETERPABGEUREFAE: ()3hdSET B HAMER; ORELES; (omREHESK

Fig. 8 Dynamic array defect imaging map and pre-processing: (a) B scan image of dynamic array element,
(b) grayscale image and (c) image of defect

80
70
J
60
50 |
N 40
30
20

10 ]

0

120 X

Y 100 100

B9 XRHW=-HEZER

Fig. 9 3D reconstruction image of the scratche
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Tab. 1 Measured values of scratch defects

Compare Items

Measured value in image/mm  Actual defect position value/mm

Relative error/%

Lateral position 55.8
Longitudinal position 1.7-3.2
Depth 0.7-3.1

55.1 1.27
1.5-3.3 2.08
0.8-2.9 2.70

x2 FLiAsRENEE

Tab. 2 Measured values of hole defects

. Measured value in
Compare items

Actual defect position value/mm

Relative error/%

image/mm
Diameter value 4.1 4.2 2.38
Depth value 3.4 33 3.03

x3 BT, SETERILEFARN T ER = 4R &R BT E B L

Tab. 3 3D imaging times for single-array, multi-array synthetic aperture and the method in this work

Total time from acquiring B-scan image to 3D reconstruction/s

Defect type : ; : :
Single element synthetic aperture Multi element synthetic Methods in this work
method aperture method
Scratch 10.6 18.1 13.9
hole 9.8 17.7 12.4

x4 BT, SETERILEMAXFENNRERBENILER

Tab. 4 Scratch reconstruction accuracies for single-array, multi-array synthetic aperture and the method in this work

Single element synthetic

Multi element synthetic Methods in this work

Compare True aperture aperture
items value/mm Measured Relative Measured Relative Measured Relative
value/mm error/% value/mm error/% value/mm error/%
Lateral 55.1 58.3 5.63 55.7 1.08 55.8 1.27
position
Longitudinal 1.5-3.3 1.1-3.6 6.25 1.5-3.4 2.08 1.7-3.2 2.08
position
Depth 0.8-2.9 1-3.2 10.81 0.9-3.0 5.40 0.7-3.1 2.70

position
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Tab. 5 Hole reconstruction accuracies for single-array, multi-array synthetic aperture and the method in work

Single element synthetic

Multi element synthetic Methods in this work

Compare True aperture aperture
items value/mm Measured Relative Measured Relative Measured Measured
value/mm error/% value/mm error/% value/mm value/mm
Diameter 42 3.5 16.66 43 2.38 4.1 2.38
Value
Depth 3.3 2.7 18.18 3.4 3.03 3.4 3.03
Position

Fo BEEZMEMNRENLR

Tab. 6 Relative errors of ultrasound reconstruction

Reconstruction method Compare items

Maximum relative

Minimum relative
Average error/%

error/% error/%
Strip shape defect 19.10 0.14 7.21
3D ultrasonic reconstruction .

of contour node 24 Spherical shape error 10.60 0.20 4.04
Cylindrical defect 3.80 0.19 1.43

o Strip shape defect 2.70 1.27 2.02

Methods in this paper Lo

Cylindrical defect 3.03 2.38 2.71
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