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Research on Ultrasonic C-Scan Images Denoising and Super-Resolution Reconstruction for
Composite Components

XU Zhenye', LIU Zhenhao®, QIAN Hengkui', JIN Shijie’, LUO Zhongbing’
(1. Key Lab of High Performance Electromagnetic Window for Aviation Science and Technology,
AVIC Research Institute for Special Structures of Aeronautical Composites, Jinan 250023, China;
2. NDT & E Laboratory, Dalian University of Technology, Dalian 116024, China)

[ABSTRACT] The high noise and low resolution of ultrasonic testing images of large-thickness honeycomb sandwich
composite components bring challenges to quality evaluation and defect identification. In this study, image denoising and
super-resolution reconstruction methods are investigated using ultrasonic C-scan images of the C919 inner door for the
main landing gear. An efficient edge-preserving filter denoising scheme based on a gradient descent algorithm is proposed,
effectively removing speckle noise while preserving image details. After denoising, the peak signal-to-noise ratio reaches
37.53 dB and the structural similarity is 0.92, outperforming the digital morphological filter by 12.99 dB and 0.04,
respectively. The images reconstructed by the improved super-resolution residual network (ISRResNet) model have high
resolution, rich content details, and clear edges. Furthermore, an image with @11 mm delamination defects is processed,
the signal-to-noise ratio of defects is improved by 6.25 dB on average. Results show that the proposed denoising method
and super-resolution model can effectively remove speckle noise, improve the image resolution, and enhance the accuracy
of defect quantification. It can support high-quality ultrasonic testing of large-thickness honeycomb sandwich composite
components.

Keywords: Composite materials; Ultrasonic C-scan; Image denoising; Super-resolution reconstruction; Deep learning;

Defect detection
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Fig.1 Installation position and image of C919 inner door for main

landing gear
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2 C919 TEMMIIBIKFEEBRE C AHENTEE
Fig.2 Schematic of ultrasonic C-scan inspection via water jet
penetration method for C919 inner door of main landing gear
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Table 1 Basic parameters of ultrasonic C-scan inspection

i H ESIINE 2
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i B4R /mm 19
W A+ /mm 8

57 TR

7K/ mm R 1005 Bl 160

A/ (mmy/s ) 500
AR /mm 2

3 C919 EERMAIIBIKFELER C HHEE S

Fig.3 Ultrasonic C-scan image of C919 inner door of main landing

gear via water jet penetration method
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Fig.4 Efficient edge preserving filter denoising scheme
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Fig.7 Convergence diagram of ISRResNet model loss function
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Fig.8 Results and residual images of different denoising methods

for ultrasonic C-scan images
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Table 2 Partial results of PSNR and SSIM for edge preserving filter

denoising
AR SR
ik 1 2 3 4 5
PSNR/dB 37.53 37 36.57 36.53 36.71
SSIM 0.92 0.91 0.91 0.90 0.91

() ARMARE
9 HBFE C HHEEGTRBYBERTEE R

Fig.9 Residual images of different denoising methods for

(d) AT (e) ARITTik

ultrasonic C-scan images

#3 BF CHEEGAEES PFEMTTE PSNR 1 SSIM £ R
Table 3 PSNR and SSIM results of different super-resolution

methods for ultrasonic C-scan images

Bovge | TABTIROE | WRYERRE | AERHRG | ASOTE
ik X2 x 4 X2 x4 X2 x 4 X2 x4

PSdI\];R/ 28.58 | 28.58 | 31.71 | 28.46 | 35.12 | 30.01 | 35.84 | 33.22

SSIM | 095 | 095 | 097 | 094 | 098 | 0.97 | 098 | 0.98
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Fig.10 Scatter plots of PSNR and SSIM for different super-
resolution reconstruction methods of ultrasonic C-scan images
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Fig.11 Comparison of results of different super-resolution
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reconstruction methods for denoised ultrasonic images
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XTI 12 2L FE i, 255 AN 13 PR, X
f) PSNR 1 SSIM WL3 6, 25 FEN, EAHLRE (& 13
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Table 4 PSNR and SSIM results of different super-resolution
reconstruction methods for denoised ultrasonic images

sy | EABIUTIR(E | MR | AR A0k

ik X2 x4 X2 x4 X2 x4 x 2 x4

PSdI\];R/ 28.77 | 28.77 | 31.91 | 28.66 | 33.11 | 29.46 | 34.20 | 32.16

SSIM | 097 | 097 | 098 | 0.97 | 091 | 091 | 092 | 0.92

(a) A CHIBIE A A

(b) NGy UER KIS
12 875 C A aEGRMERER

Fig.12 Ultrasonic C-scan defect images and their denoising results

®5 A C AMERMEEGERATRIRE SNR 457

Table S SNR results of defects in ultrasonic C-scan images before

and after denoising dB
NGE 2
NS FHf
e 1 2 3 4 5 6

FEMERT | 2425 | 22.94 | 17.01 | 2243 | 209 | 2336 | 21.81
FEMEE | 313 | 29.96 | 22.24 | 2834 | 26.84 | 29.69 | 28.06

o

e 7.05 7.02 5.23 591 594 | 633 6.25
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Fig.13 Super-resolution results and denoising-super-resolution
results of ultrasonic C-scan defect images
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Table 6 PSNR and SSIM of super-resolution reconstruction for
ultrasonic defect images and denoising image
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