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Motivation
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Fig. 1 Schematic of hypervelocity impact damage

To improve spacecraft damage detection, retain
details, and remove noise interference, we
propose a novel multi-objective optimization
damage detection algorithm for spacecraft
hypervelocity impact evaluation.

Fig. 2 Hypervelocity impact damage



Main idea

O The algorithm is designed for data processing of a damage detection infrared
video stream to obtain an infrared reconstructed image (IRRI) using the
transient thermal response (TTR) curve.

0 We also propose a defect segmentation algorithm that achieves the best noise
suppression and the best details of IRRI through multi-objective optimization.
In the segmentation process, the detailed information of the damaged area should
be segmented from the material background area as much as possible to ensure
complete defect detection. Simultaneously, it 1s correctly divided into noise areas
to ensure the accuracy of damage detection.
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Fig. 3 MOP for image segmentation purposes



Method
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Method (Cont’d)
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Fig. 5 Schematic of infrared reconstructed image generation



Major results
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Fig. 9 IRRI acquisition results for the sample: (a) stress damage around the
perforation defect; (b) drum Kit; (c) perforation damage; (d) TTR for damage




Major results (Cont’d)
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Fig. 11 Pareto front
The Pareto front (PF) corresponding to the design objective function is obtained

by the proposed algorithm, and the inflection point in the PF solution is used for
image segmentation corresponding to the cluster center.



Major results (Cont’d)
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Fig. 12 Comparison of the image segmentation results of our proposed algorithm
with those of the single segmentation function involved in the algorithm: (a) image
segmentation object in this study; (b) detail preservation function (DEPF) f,(v)
segmentation result; (c) noise suppression function (NOSF) f,(v) segmentation result



Conclusions

0 We designed a defect detection algorithm using infrared video streams to
detect defects 1n spacecraft specimens impacted at hypervelocity.

O First, we obtained the IRRI that highlights different defect features using
GMM to extract different temperature change information, that 1s, TTRs.
To separate the damaged part from the background, and to avoid the
possible noise interference and blurring of details in IRRI, an adapted
objective segmentation function was designed.

[ To obtain more accurate segmentation, we used the idea in solving multi-
objective optimization problems to obtain segmentation weights that
adapt to each IRRI by constructing a two-layer multi-objective
optimization segmentation algorithm. Experimental results verified the
effectiveness of the algorithm.
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