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Combining deep learning and multi-scale Retinex for underwater
images enhancement
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(1. Faculty of Information Science and Engineering, Ningbo University, Ningbo, Zhejiang 315211, China; 2. School
of Electrical and Electronic Engineering, Chongging University of Technology, Chongqing 400054, China)

Abstract ; An underwater image enhancement method combining deep learning and multi-scale orientation
filter Retinex is proposed to tackle the problems of blurry texture and serious color distortion. Firstly,the
land image is degraded by texture and histogram matching method to establish a dataset which simulates
the underwater image distortion,and an end-to-end convolutional neural network (CNN) model is built.
By using the model,color correction is performed on original underwater images to obtain color-restored
underwater images. Then, the multi-scale Retinex (MSR) method is used for the brightness channel of
the color restoration images to generate texture-enhanced images. Finally, chrominance of the color-re-
stored images and the texture-enhanced images are fused to eventually get the enhanced underwater ima-
ges. The proposed method is tested on the simulated underwater image dataset and real underwater ima-
ges individually. The experimental results show that root mean square error, peak signal-to-noise ratio,
CIEDE2000,and underwater image quality measurement are 0. 3020,17. 2392 dB,16. 8784 and 4. 9600
and prevail to five comparison methods. The enhanced underwater images are more real and natural. In
conclusion, the proposed method can effectively improve the clarity and contrast while accurately correc-
ting the color distortion of the underwater images.

Key words: underwater image processing; convolutional neural network (CNN) ; color correction; image

texture enhancement
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Fig. 6 Enhanced results of various methods in terms of simulated underwater image dataset
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Tab.2 Performance comparison of various methods in terms of real underwater dataset
Ref. [3] Ref. [ 6] Ref. [7] Ref. [12] Ref. [13] Proposed
UIQM PCQI UIQM PCQI UIQM PCQlI UIQM PCQlI UIQM PCQlI UlQM PCQI
Imagel  0.9702 5.0354 1.0271 4.8854 1.3082 4.9004 1.2577 4.9510 0.9516 4.9707 1.0173 5.2005
Image2  0.9481 4.5542 0.7503 4.7037 1.1028 4.4022 1.0895 4.5108 0.5887 5.2406 0.8757 4.9331
Image3 1.0221 3.7976 1.0086 3.7278 1.2436 4.3430 1.1661 4.2482 0.9367 2.6716 1.0444 3.5141
Image4  0.8366 5.2239 0.8794 4.9000 1.1756 4.7540 1.1572 4.7244 0.7382 4.7152 0.9480 5.2352
ImageS 1.0471 5.0749 0.9490 5.2134 1.2719 5.4346 1.2311 5.4598 0.6913 4.8709 1.1362 5.2088
Image6  0.9014 5.6036 0.9163 5.0404 1.3934 4.8116 1.3620 4.8964 0.6060 4.9805 1.1111 5.6680
Average 0.9542 4.8816 0.9218 4.7451 1.2492 4.7743 1.2106 4.7984 0.7521 4.5749 1.0221 4.9600
3 QE 'L/P: model for underwater image enhancement[ J]. Frontiers of
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