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Abstract: A rapid single-exposure HDR defect recognition algorithm was proposed for highly reflec-
tive metal surfaces. This algorithm was based on detail enhancement techniques and CycleGAN. The in-
put low dynamic range (LDR) images were first converted to HSV color space and processed with guided
filtering to obtain luminance and detail layers. The CycleGAN network was then used to enhance the dy-
namic range of these layers separately. The enhanced luminance and detail layers were weighted and fused ,
followed by filtering and denoising to produce an HDR image suitable for defect recognition. Defects were
identified in the HDR image using threshold segmentation, feature selection, and morphological process-
ing. This single-exposure algorithm was experimentally compared with three classic single-exposure algo-
rithms and one multi-exposure algorithm. The evaluation was based on five metrics: peak signal-to-noise
ratio(PSNR) , image entropy, processing time. gray histograms, and recognition results. The experimen-
tal results indicate that the algorithm herein outperforms three other single-exposure algorithms in effec-
tively addressing overexposure issues, achieving results comparable to multi-exposure algorithms. Addi-
tionally, it has a shorter processing time, making it suitable for online detection. Furthermore, this algo-
rithm demonstrates superior capability in extracting image detail information compared to other algorithms ,
resulting in higher accuracy in recognition.

Key words: highly reflective metal; single-exposure high dynamic range (HDR) imaging; detail en-
hancement; cycle-consistent generative adversarial network (CycleGAN)
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Fig.1 Technical roadmap for rapid single exposure

HDR surface defect recognition algorithm
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