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A Low-Light Image Enhancement Method Combined with Generative
Adversarial Networks in Nonsubsampled Shearlet Transform Domain

Shi Wenling, Liao Yipeng, Xu Zhimeng, Yan Xin, Zhu Kunhua
College of Physics and Information Engineering, Fuzhou University, Fuzhou 350108, Fujian, China

Abstract Low illumination image has a number of issues, such as low recognition, low brightness, low resolution, low
signal-to-noise ratio and blurred details. Therefore, a low-light image enhancement method combined with generative
adversarial networks (GAN) in nonsubsampled shearlet transform (NSST) domain is proposed. First, low-light image and
normal light image datasets are collected, the images are processed by RGB to HSV spatial transformation, the Hue and the
Saturation components are unchanged, the Value components are decomposed at multiple scales by NSST, and the
decomposed low-pass subband images are used to construct training set. Second, a low-frequency subband image
enhancement model based on GAN is constructed, and the low-frequency subband image training set is used to train the
model. Then, the low-illumination image to be processed is decomposed by NSST, the trained model is used to enhance the
low-frequency subband image, the scale correlation coefficient is used to remove noise for each high-frequency direction
subband, and the edge coefficient is enhanced by the nonlinear gain function. Finally, NSST reconstruction is performed on
the low-frequency and high-frequency subband images after enhanced processing, and the reconstructed images are restored
to RGB space. In terms of low-light image enhancement, compared to common methods, the results obtained by the
proposed method show an average improvement of 3. 89% in structural similarity and an average reduction of 1. 03% in mean
squared error, and when the noisy images are enhanced, the peak signal to noise ratio and continuous edge pixel ratio remain
above 21 dB and 88%, respectively. The experimental results show that both visual effect and objective evaluation index of
image quality of the proposed method are greatly improved compared to the common methods, which can effectively improve

the low-quality problem of low-light images, and lay the foundation for the subsequent image processing analysis.
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Fig. 5 Enhancement effect of each algorithm on the synthetic low-light images test set. (a) Low-light images; (b) ground truth;
(¢) LIME; (d) method in Ref. [6]; (e) ARD-GAN; (f) EnlightenGAN; (g) method in Ref. [12]; (h) proposed method
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Table 1 Enhanced performance statistics of each algorithm on the synthetic low-light images test set
. Method in . Method in Proposed
Synthetic test set Index LIME ARD-GAN EnlightenGAN
Ref. [6] Ref. [12] method
i SSIM 0. 9490 0. 9000 0.8791 0. 8187 0.9387 0. 9507
Underwater image
MSE 0.0115 0.0376 0.0234 0.0299 0.0142 0. 0049
o SSIM 0. 8197 0. 8928 0. 8580 0. 8436 0.8732 0. 8972
Normal light image
MSE 0.0214 0. 0206 0. 0063 0. 0098 0.0170 0. 0066
o SSIM 0.7908 0.8627 0. 8646 0.8281 0.8611 0. 8650
Night image
MSE 0.0127 0.0062 0.0089 0.0137 0.0061 0. 0055
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Fig. 6 Denoising and edge detection effects of each algorithm on the synthetic low-light images test set. (a) Noise images; (b) LIME;
(c) method in Ref. [6]; (d) RetinexNet; () ARD-GAN; (f) EnlightenGAN; (g) method in Ref. [12]; (h) proposed method
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Table 2 Denoising and edge detection performance statistics of each algorithm on the synthetic low-light images test set

Noise Tndex pve Methodin o nexNet  ARD-GAN  EnlightenGAaN  cthodin - Proposed
variance Ref. [6] Ref.[12] method
Loy, PSNR/IB - 16.6099 168228 14. 8064 22. 0677 20. 3863 17.6124  21.7001
P/Y% 78.8700  85.6800 84. 8000 88. 1900 90. 9200 83.8742  91.1700

sy, PSNR/GB. 160024 16,7101 14. 7266 21. 8344 20. 2729 17.5248  21.4184
P/% 73.3700  81.6600 81. 4500 84. 7500 87. 8400 80.5640  89.7500

oo PSNR/B 16,0009 161289 14. 7242 20. 0442 19. 6346 17.0587  21.0829
P/Y% 67.7700  71.3900 78.2100 83. 7300 82. 8100 77.8651  88.1000
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Fig. 7 Enhancement effect of each algorithm on the real low-light images test set. (a) Ground truth; (b) LIME; (¢) method in Ref. [6];
(d) RetinexNet; (e) ARD-GAN; () EnlightenGAN; (g) method in Ref. [12]; (h) proposed method
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Table 3 Enhancement performance statistics of each algorithm on real low-light images

Quality assessment Method in ) ) . Method in Proposed
LIME RetinexNet ARD-GAN EnlightenGAN

method Ref. [6] Ref. [12] method

Entropy 7.6924 7.6913 7.5451 7.6269 7.6812 7.6651 7.7003

BRISQUE 15. 2527 16. 0953 15.9937 17.5622 15. 2557 16. 6574 11. 4441

ENIQA 0.4419 0.4415 0.4421 0. 4362 0.4452 0.4414 0.4413

HyperIQA 60.7767 52.2267 57.6426 59. 2900 58. 2551 56. 7841 60. 8533
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