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Dual-head enhancement and non-uniform correction for underwater
image enhancement algorithm
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(1. College of Printing, Packaging and Digital Media, Xi'an University of Technology, Xi'an 710048, China;

2. Key Laboratory of Spectral Imaging Technology, Xi'an Institute of Optics and Precision Mechanics,
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Abstract: Affected by the high turbidity, insufficient illumination and poor uniformity of the underwater
environment, the images obtained by imaging mechanisms have defects such as low contrast, blurred details
and color distortion. To handle above problems, an underwater image enhancement algorithm based on a dual-
head enhancement and non-uniform correction was proposed. The dual-head enhanced network was
constructed to extract multi-scale features from shallow information and to fuse the context information of
different channels, which was conducive to the enhancement of low contrast of underwater images.
Furthermore, the constructed non-uniform correction network was used to perform nonlinear weighted fusion
of different channels and positions of the image, which was conducive to the recovery of color consistency and
brightness. Compared with the 10 algorithms, the optimal value of the peak signal-to-noise ratio and structural
similarity in the UIEB test set was improved by 4.02 dB and 0.120, decreased by 1.51 on the CIEDE2000
index, and decreased by 2.13 dB, 0.025 and 0.48 on the LUSI test set, respectively. Experimental results show
that the proposed algorithm has a significant enhancement effect for non-uniform underwater images, and is

more in line with the characteristics of the human eye.
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Fig. 1 Schematic diagram of underwater imaging system
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Fig. 7 Visualization results of different algorithms on LUSI test set
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Fig. 8 Visualization results of different algorithms on UIEB challenge set
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Table 1 Comparison of UIEB test set evaluation indicators
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Table 2 Comparison of LUSI test set evaluation indicators

Fik PSNR/dB SSIM UCIQE UIQM CIEDE2000 ik PSNR/dB SSIM UCIQE UIQM CIEDE2000
GDCP 13.27 0.735 0.44 3.67 17.77 GDCP 13.25 0.692  0.46 3.84 18.97
Fusion 20.50 0.842 0.48 4.46 8.84 Fusion 19.27 0.267 0.47 4.23 10.13
Red 17.47 0.814 0.41 5.31 11.93 Red 20.53 0.827 0.43 5.89 10.32
Retinex 17.75 0.759 0.44 5.09 14.08 Retinex 17.23 0.717 0.45 5.26 13.84
UDCP 12.51 0.608 0.49 1.53 21.48 UDCP 14.32 0.641 0.49 1.77 19.18
UWCNN 13.83 0.680 0.31 7.01 16.30 UWCNN 16.69 0.715 0.35 6.84 13.08
WaterNet 19.35 0.845 0.48 6.10 14.71 WaterNet 20.69 0.830  0.46 5.58 8.93
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AL 2534 0918 046  5.59 6.37 A3 2658  0.875 043 6.12 5.82




NG 2024,45(2) A B, A5 BULIESR S AR S ROE MK T RBIE SRR .+ 361 -

%3 UIEB B EITMIERRIILL

Table 3 Comparison of UIEB challenge set evaluation indicators

ik GDCP  Fusion Red Retinex ~ UDCP UW-CNN WaterNet ~ Fun[EGAN U-Color  Transformer A3
UCIQE 0.42 0.48 0.42 0.42 0.48 0.32 0.41 0.39 0.38 0.39 0.44
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Table4 Comparison of evaluation indicators of different

NUF structures
NUFB/M4 PSNR/dB SSIM
3 2424 0.915
4 25.34 0.920
5 2527 0.916
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Fig. 9 Enhanced visualization results of different NUF structures
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Fig. 10 Enhanced visualization results of different DHNAF structures
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Table S Results of objective evaluation indicators for diff-

erent DHNAF on test set
DHNAF/M 4k PSNR/dB SSIM
OHNAF 24.19 0.916
6 24.67 0.922
8 25.34 0.920
10 25.69 0.919
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