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Abstract A weak-light environment leads to low contrast, dark brightness, missing details, and other problems with
pictures captured by image acquisition equipment. Therefore, a low illumination image-enhancement algorithm based on
homomorphic frequency division aggregation is proposed. First, the transfer function of homomorphic filtering is
improved, the original image is decomposed into high- and low-frequency components, and some dark-area details are
enhanced without the loss of bright-area details. The improved homomorphic-filtering transfer function has fewer
parameters than the original and is easy to adjust. Next, the two components are enhanced. That is, the detail
enhancement network 1s designed to improve the detailed information of the high-frequency part, and the low-light image
enhancement via illumination map estimation (LIME) algorithm is used to enhance the brightness of the low-frequency
part. Finally, a local adaptive network is designed to jointly fine-tune the high- and low-frequency components of the
image to correct the distortion during fusion. The experimental results from the subjective vision and objective evaluation
indicators show that the proposed algorithm can effectively balance the enhancement effect of smooth regions and texture
components of the image and improve the image visual quality.
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Table 1 Quantitative comparison of synthetic low-light images obtained by different algorithms

Algorithm LIME LLNet RetinexNet Zero-DCE EnlightenGAN HFNet
PSNR 24.95 26.09 28.36 28.62 28.97 28.84
SSIM 0.620 0.718 0.789 0.824 0.851 0. 862
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Table 2 Comparison of subjective evaluation on synthetic low-light images

Image number LIME LLNet RetinexNet Zero-DCE EnlightenGAN HF Net
1 2.95 2.70 3.05 3.15 3.20 3.35
2 3.00 2.85 2.90 3.10 3.25 3.30
3 2.95 2.65 2.85 3.05 3.20 3.10
4 2.50 2.60 2.75 3.00 2.95 3.05
5 2.95 2.90 2.85 3.05 3.00 3.15
6 2.90 2.95 3.05 3.10 3.15 3.25
7 2.85 2.70 2.80 3.00 2.95 3.10
8 3.00 2.80 2.85 3.05 3.10 3.25
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Fig. 8 Enhancement effects of doll image using different algorithms
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Fig. 9 Enhancement effects of room image using different algorithms
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Table 3 Quantitative comparison of different algorithms on real low-light images

Algorithm LIME LLNet RetinexNet Zero-DCE EnlightenGAN HFNet
IE 7.2012 6.4424 6.7328 6. 8950 6.8336 7.0159
NIQE 6.9801 7.6243 7.4405 6.8572 6. 6491 6.7696
NIQMC 5.0122 4.1691 4.3819 4.8927 4.6607 5.1008
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Table 4 Comparison of subjective evaluation on real low-light images
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Fig. 11

Output image comparison of missing different modules. (a) Input image; (b) lack of detail enhancement module; (c¢) lack of

brightness enhancement module; (d) lack of local adaptive network; (e) output image of HF Net; (f) reference image
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