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Abstract The existing underwater image enhancement methods based on deep learning have achieved good
results in synthetic underwater images. However, due to the large gap between the simplified synthetic image and the
complicated real image, the performance of learning based methods will be significantly degraded when dealing with
real images. To solve the problem, a joint underwater image generation and removal (JUIGR) method is proposed. This
method adopts the decomposition idea to decompose the underwater image into a clean background layer and a
degraded layer. The background is better restored through cyclic consistency loss and adversarial loss, and then the
transformation between the real image and the synthetic image is realized, which not only corrects the color, but also
improves the image contrast, so as to achieve a good enhancement effect. Extensive experimental results show that the
proposed method is superior to the existing methods in terms of color, texture detail and clarity on the real underwater
image dataset.
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Quantitative comparison of underwater image
enhancement results

Table 1

WSk ik PSNR/IB SSIM UCIQE UIQM
SER AR 17.40 0.758 1 0.5479 2.486 4
UWCNN 14.02 0.657 9 0.383 0 2.774 8
Water-Net 15.59 0.748 8 0.444 7 29119
UIEC"2-Net  22.73 0.845 1 0.6110 2.930 5
JUIGR 23.27 0.877 8 0.628 2 3.016 8
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Fig. 2 Qualitative comparison of underwater image enhancement results
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Table 2  Ablation study of JUIGR

MELEES PSNR/dB SSIM
To Lagy 17.53 0.7445
JE Leye 18.45 0.7964
T Linge 19.14 0.8147
JUIGR 2327 0.8778
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