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Multiscale Image Fusion-Based Thermal Fatigue Damage Detection
Method for Cylinder Head Inner Wall

Li Quanliang, Wang Xiaoxia, Yang Fengbao
School of Information and Communication Engineering, North University of China,
Taiyuan 030051, Shanxi, China

Abstract To solve the issue of complex image reconstruction at a small sampling rate due to the high repetition rate and
redundancy of cylinder head inner wall thermal field data, a thermal fatigue damage detection method for cylinder head inner wall
with a small sample is proposed via fusion of multiple single-scale reconstructed images. The proposed method begins by
correlating the thermal scatter pattern of the inner wall with the total radiant energy of its outer wall at various scales to obtain
multiple reconstructed images of the cylinder head inner wall. Then, the image fusion technology is used to fuse the reconstructed
images of the inner wall at different scales to obtain the fused images of the cylinder head inner wall. The paper demonstrates the
advantageous performance of the proposed method in small sampling rate image reconstruction by comparing the results of inner
wall image reconstruction at various sampling rates. The effects of different fusion weight coefficients on the fused images are also
discussed. The outcomes of the experiments demonstrate that the proposed method may detect the thermal fatigue damage zone of
the inner wall at a lower sampling rate. The peak signal-to-noise ratio and contrast ratio of the proposed method are enhanced by
9.62% and 26.13%, respectively, compared with those of the traditional correlation method when the number of samplings is
500. The proposed method also has the distinct benefit of postponing the deterioration of the reconstructed picture quality, thereby
resolving the problem of thermal fatigue damage detection caused by insufficient data gathering in real-world applications.
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Fig.1 Traditional association reconstruction principle
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Fig. 2 Inner wall images reconstructed by traditional association
imaging. (a) Images of original object; (b)-(d) reconstructed
images when N=>500, 1000, 3000, respectively
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Fig.3 Reconstructed images of cylinder head inner wall at different scales. (a)

—(c) Reconstructed images with pixel size of 1 pixel X

1 pixel, 2 pixel X 2 pixel, and 3 pixel X 3 pixel when N=500, respectively; (d) - (f) reconstructed images with pixel size of

1 pixel X 1 pixel, 2 pixel X 2 pixel, and 3 pixel X 3 pixel when N=1000, respectively
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Fig.4 Principle of multi-scale image fusion method
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Fig. 5 Speckle patterns of thermal field on inner wall at different scales. (a)-(c) Inner wall thermal field speckle patterns with

pixel size of 1 pixel X 1 pixel, 2 pixel X 2 pixel, and 3 pixel X 3 pixel respectively
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Table 1 Performance parameters of a single-cylinder four-valve

internal combustion engine

Parameter Value
Cylinder diameter /mm 120
Cylinder head stroke /mm 150
Total emissions /L 10. 45
Nominal power /kW 162
Calibrated power speed /(r-min ') 2200
Maximum torque /(N+m) 844
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Fig. 6 TImages of cracked cylinder head inner wall. (a)(d) Images of the original object; (b)(e) images reconstructed by traditional

association and differential association when N=500, respectively; (d)(f) images fused by traditional association and differential

association respectively when the fusion weightis 1:1:1
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Table 2 Comparison of evaluation indexes between traditional

association imaging and multi-scale fusion images

Evaluation index  Traditional association ~ Multi-scale fusion

PSNR 6.6073 7.2429
SSIM 0.9745 0.9790
\% 0.1795 0. 2264
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Table 3 Comparison of evaluation indexes between differential

association imaging and multi-scale fusion images

Evaluation index  Differential association — Multi-scale fusion

PSNR 6.9603 7.4523
SSIM 0. 9759 0.9812
\Y% 0.2155 0.2436
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Fig.7 Fused inner wall images with different weight proportions. (a)2:1:1;(b)3:1:1;(c)4:1:1;(d) 1:1:2;(e) 1:1:3;(D1:1:4
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Tabel 4 Evaluation indexes under different weight proportion

Weight
proportion PSNR SSIM \%

2:1:1 7.1358 0.9798 0.2148
3:1:1 7.0536 0. 9809 0.2078
4:1:1 6.9917 0.9813 0.2031
1:1:1 7.2429 0.9790 0. 2264
1:1:2 7.1960 0.9777 0. 2356
1:1:3 7.1462 0.9768 0.2412
1:1:4 7.1043 0.9767 0. 2449
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Fig. 8 Change curves of quantitative index for images under different measurement times. (a) Average SSIM value; (b) average PSNR

value;
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