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A Stage-wise Progressive Motion Deblurring Method for Pipeline Inner-Wall Inspection
Yilun Liu
Beijing Forestry University

[Abstract] Aiming at the motion blur problem caused by the forward movement and rotational scanning of
pipeline inspection robots, a stage—based progressive image deblurring method for pipeline scenes is proposed.
Considering the coexistence of linear and rotational motion blurs on the inner walls of pipelines, a blur dataset
containing real collected and synthetic paired samples is constructed, along with blur type labels. Based on this, a
three—stage progressive restoration network is designed: Firstly, a blur perception module is used to extract
shared features and identify the blur type; secondly, linear and rotational deblurring branches are constructed,
and multi—branch restoration based on the mechanism is achieved under an adaptive routing and weighted
fusion mechanism; finally, a U—Net—like module is utilized to enhance the details of high—frequency textures
and edges. Experimental results show that the method achieves PSNR, SSIM, and FSIM of 30.82 dB, 0.901,
and 0.928 respectively on the test set, with recall rates and mAP50 reaching 86.4% and 89.1%, respectively,
outperforming comparison methods such as Wiener, RL, blind deconvolution, and SRN—DeblurNet. The
research indicates that this method can effectively improve the clarity, structural fidelity, and defect identifiability
of pipeline images, demonstrating significant engineering application value.

[Key words] pipeline inner—wall inspection; image deblurring; motion blur restoration; deep learning; adaptive

multi—branch; defect detection
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