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Abstract: The debonding defect is a crucial indicator affecting the physical safety performance of packing materials, and computed
tomography (CT) stands as an effective method for its detection. However, due to the debonding defects’ close to the outer contour and
small area, low contrast, they are susceptible to interfere from other information during segmentation, making traditional active contour
models less suitable. In order to segment the packing materials debonding defects, SoftMax and regular term Chan-Vese (SPCV) model
based on Chan-Vese is proposed by introducing SoftMax and regular term in this paper. Differences in segmentation effects between the
SRCV model and various active contour models were systematically compared. Segmentation results on different images are utilized to
demonstrate anti-interference capabilities and balance global and local information capabilities of SRCV model. The depth of debonding
was measured using Euclidean distance. When the SRCV model is used to segment the debonding defects of packing materials, the
segmentation curves are closer to the debonding edges and smoother. The accuracy and the Dice coefficient were 99. 56% and 99. 82% ,
respectively. And the error of the debonding depth was not more than 6%. The results show that the SRCV model is particularly suitable
for the segmentation of tiny debonding defects with a large amount of interfering information, and has obvious advantages over other active
contour models.
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Fig. 1 Schematic diagram of debonding depth calculation method
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Fig. 8 Application of SDCV model to different image debonding defects

FHBI 8 5 3% 1 B8 IE B0 S N IR, i 26 Y LS B R

[, A T RES: SRCV SR A BT T I RE 1, XHE e b1
Ak CT BEUE AT AS R B M s RIAS [] 56k 38 g e i,
i SRCV .C-V LA}z RSF BERUHE1T 430 L4, 45 3 an &
9 o, o N ZE 2047 43500k i B A% 10,20, 30 19 55
WP AR MR DL B AR IR

HI &l 9 FIHI, SRCV MR RUAE A o5 i M s ABUER e
A AR Mg P ) 357 B A% T J5E S B 575 1) 1 4, LR B
TRATFIE AR T LA R A7 e AN ol T 4, A 1520
MR SAE I X ] SRCV BRI T AE J158 , 20 EKS
e 7EA T AU DR Y 43 5 oA TR

3 & i

BECHIRERTRE CT PR b GRS SR B Bl s 79 55t
5 B SR G A5 BT A [l R, 70 4R 43 31 i 53 e 4

JafE B5 RAAE . 5 UL IS Sl JE RS X LS RS o
Iy E] ARIGEITFIA SoftMax FIENI 7 H T —Fh LT
C-V BAIY SRCV BRIy HIREY . 523G 45 R R B . SRCV
TR REAORG T 1% 3 7510 L0 B/ 0N DXl P50 R 0 B | R ) 2 A7 FE
NGAFE B 5T 55 B TR0 N X IRBURS 9 2 50 b 88
A I Sl e R T B T B BB T T, 435 A it 2 T 0
JBRRG S 2%, 43 0 0 i B 4 B A ROCR SRS U,
HArBIMERABE IR 99. 56% , AN TR BE TR 22 AT 6%,
AR 53 FNG B b 0T 2 — @ 3, T LA 2 T
b B SRS TR B R B 5 2K, 3% I S RS
TREEXRT T RHE RERZ i I F A 48 3
532
[1] 2T, B&E%E, ik, 5% ReEEEsME PELE 1)
BED EFR ()] EdHE& TE2%M, 2016,
37(9) : 54-57.
LI G, WANG ZH J, LI Y L, et al
calculation of light metal filling material PELE [ J].

Numerical



511 BCERTRE CT PG BORS BR B U3 5 T8 2 - 185 -
Gauss noise Gauss noise Gauss noise Salt noi . .
sigma=10 sigma=20 sigma=30 altnoise Poisson noise
SRCV
cv
RSF
PO iy G o HI 45 R
Fig.9 Noisy image segmentation result
Journal of Ordnance Equipment Engineering, 2016, 41(10) ; 155-163.
37(9) ; 54-57. XIA P, PENG CH, SHI Y, et al. CT image

(2]

(3]

[4]

(5]

[6]

PRI TR SR 2 B [ A KT R S LI RE T A
ZRR[)]. SRR, 2021, 42(8) : 1789-1802.

GAO F, ZHANG Z. Review on performance evaluation of
solid rocket motors with charge defects [ J]. Acta
Armamentarii, 2021, 42(8): 1789-1802.

FIER, BEE, T, & WRERT MmN/
o SR ISR Y W LB S I 2 REAR WP FE 7). SR o
2, 2014, 35(7) : 990-995.

ZHOU Q CH, JUY T, WEI ZH, et al. Investigation of
fracture mechanism and fracture energy of HTPB
propellant/liner debonding [ J ].
Armamentarii, 2014, 35(7) : 990-995.
GARCEA S C, WANG Y, WITHERS P J. X-ray
computed tomography of polymer composites [ J ].
2018, 156.

interface Acta

Composites Science and Technology,

305-319.
SRERE, YEOE, skiE. ST SIFCM A XA KBy
=4k CT BIMGERFE AR [J]. B S 2
i, 2023, 37(6) : 77-85.

ZHANG L Z, SHEN K, ZHANG B. Defect volume
measurement in 3D CT image based on improved SIFCM
Journal
2023,

of Electronic

37 (6):

and region growing [ J ].
Measurement and Instrumentation
77-85.

HY R, T, %, & Contourlet 38 TS-MRF 551 A4

BE2A CT 8 E (], EANE il oA, 2022,

(7]

[8]

(9]

[10]

segmentation based on tree-structured MRF model
incomplex contourlet domain [ J ].
Measurement Technology, 2022, 41(10) ; 155-163.
F52, DR BTV B RO S i LA
SR AL ()], B IR EOR, 2021, 44 (1)
114-119.

WANG M, MA Y. Improved geometric active contour model

Foreign Electronic

based on advection vector field and diffusion flows [ ] ].
Electronic Measurement Technology, 2021, 44(1) . 114-
119.

CHEN X, WILLIAMS B M, VALLABHANENI S R, et
al. Learning active contour models for medical image
of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition,
2019 11632-11640.

BRI, 25580, 15, S5 T B0 n v ol iR R A
¥ e P A A 2255 R [0 AR 4, 2019,
40(11) ; 107-116.

CHEN Y H, LI ZH, FENG B, et al. Pleural contact
pulmonary nodule segmentation based on improved active
Chinese Journal
Instrument, 2019, 40(11); 107-116.
iR, R—4r, B, R T Bk IR oV ALY 4
FIEG A FIT]. Jb224f, 2018, 38(4) : 200-208.
NI K, WU Y Q, GENG S.

metallographic image based on improved CV model

segmentation [ C ]. Proceedings

contour model [ J ]. of Scientific

Segmentation  of



- 186+ e R = I O 38 &

integrated with local fitting term[ J]. Acta Optica Sinica, [17] DONG B, WENG G R. Active contour model driven by

2018, 38(4) : 200-208. self organizing maps for image segmentation[ J]. Expert
[11] F¥k, 5kFH, KI5, 5. WA/ AR R RSF £ Systems with Applications, 2021, 177, 114943.

B CT BG4 8 ik [1]. StE %4, 2020, [18] PANDA P, AKETI S A, ROY K. Toward scalable

40(21) ; 57-65. efficient, and accurate deep spiking neural networks with

WANG J, ZHANG X Y, CAI Y F, et al. CT image backward residual connections stochastic SoftMax, and

segmentation method combining wavelet transform and hybridization [ J ]. Frontiers in Neuroscience, 2020,

RSF model[ J]. Acta Optica Sinica, 2020, 40(21) ; 57- 14. 653.

65. [19] CHEN B H, TSENG Y S, YIN J L. Gaussian-adaptive
[12] B¥REE, &, BRI, %. LT Hough ¥l Fl C-V bilateral filter [ J ]. IEEE Signal Processing Letters,

BRI LS T A SRy EITrk )], R GER 2020, 27: 1670-1674.

AR, 2016, 37(2) : 395-403. [20] REN]J, YUC, MA X, et al. Balanced meta-SoftMax for

ZHAO ZH B, XU L, QI Y CH, et al. Automatic co- long-tailed visual recognition [ J]. Advances in Neural

segmentation method for aerial insulator based on Hough Information Processing Systems, 2020, 33. 4175-4186.

detection and C-V model [ J]. Chinese Journal of 1EEZ/N

Scientific Instrument, 2016, 37(2) : 395-403. $hE f 2020 4 T 3 PR = B R 15
[13]  EAHEF, . WSmERIN IR B ELHR ], SEobin, R E R RS A AR T A

B 5 TR RE, 2013, 26(8) : 751-760. EEMGETT 1N CT FEGRAREE,

WANG X H, FANG L L. Survey of image segmentation E-mail ; 3420588046@ qq. com

based on active contour model [ J]. Pattern Recognition Zhong Yilong received his B. Sc. degree

and Artificial Intelligence, 2013, 26(8) : 751-760. from Chongqing Three Gorges University in
[14] #ET5, £, TR, % BE AABEA AdamW 57 2020. Now he is a M. Sc. candidate in Chongqing University of

VLI RSF BB HIREAL[ T ], AR AERF 4, 2023, Science and Technology. His main research interest includes CT

44(3) : 261-270. image processing.

CAl Y F, WANG H, LI Q, et al. RSF image HEERGEEES) , 05T 1999 4F

segmentation model joint natural gradient and AdamW 2004 FEF1 2016 FAETE K KRS %L

algorithm[ J]. Chinese Journal of Scientific Instrument, L A i IV B = E

2023, 44(3) : 261-270. B, EEATFE Iy 1 Ry AL PR AR B
[15] LIY, CAO G, WANG T, et al. A novel local region- P

based active contour model for image segmentation using E-mail ; 2021019@ cqust. edu. cn

Bayes theorem [ J]. Information Sciences, 2020, 506: Zhang Xiaofeng ( Corresponding author ) received her

443-456. B. Sc. degree, M. Sc. degree and Ph. D. degree from Chongging
[16] ABDELKADER R, RAMOU N, KHORCHEF M, et al. University in 1999,2004 and 2016, respectively. Now she is an

Segmentation of X-ray image for welding defects detection
using an improved Chan-Vese model [ J ]. Materials

Today: Proceedings, 2021, 42 2963-2967.

associate professor in Chongqing University of Science and
Technology. Her main research interests include image processing

and image defect recognition.



