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Underwater Image Restoration Based on Scene Depth Estimation and
Background Segmentation
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Abstract Underwater images often suffer from low contrast, color distortion, and poor visibility. To solve these
problems, herein a novel underwater image restoration method based on scene depth estimation and background
segmentation is proposed. First, the scene depth is estimated using multiple oblique gradient operators and attenuation
difference among color channels. Then, according to the image gradient and color difference information, the degraded
underwater image is divided into the foreground region and the background region. Accordingly, the background light (BL.)
1s estimated in the background region and transmission maps are obtained using the estimated scene depth map.
Subsequently, the scene radiance of the foreground region is recovered based on the underwater image formation model,
and the background region is enhanced by performing histogram stretching in the HSV color space. Finally, the foreground
and background are fused using a weight map of the transition region to obtain the final restoration result. Experimental
results show that the proposed method can estimate the background light and transmittance with significantly greater
accuracy, and achieves satisfactory contrast enhancement, color correction, and sharpness improvement. Compared with
several classical methods, the proposed method affords 15% better performance on average in terms of the following four
image quality evaluation metrics: UIQM, UCIQE, FDUM, and FADE.
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Fig. 4 Comparison of different background light estimation strategies. (a) Original underwater images; (b)—(d) estimated background
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Table 1 Comparison of different quality evaluation metrics

Metric Method Image 1 Image 2 Image 3 Image 4 Image 5 Image 6
RCP 1.3302 1.4185 1.1620 0.9088 1. 5060 1.5306

IBLA 1.3382 1. 3450 1.1763 0.9417 1.6645 1. 4470

UliQM ULAP 1.4922 1.3578 1.2203 1.0191 1. 6680 1. 6725
UWCNN 1.0780 1.1509 0.9204 0.7838 1. 3863 1.4114

Proposed method 1. 5166 1. 4809 1. 4404 1. 1794 1.7633 1. 5853

RCP 0.5019 0. 5806 0.6068 0.5001 0. 5225 0.4888

IBLA 0.5197 0.5787 0.5884 0.4916 0. 5861 0.4843

UCIQE ULAP 0. 5770 0.5953 0.5917 0.4922 0.6163 0.4932
UWCNN 0.4357 0.4631 0.5034 0.4595 0.4907 0. 5036

Proposed method 0. 6643 0. 6753 0.7182 0. 6124 0. 6393 0. 6604

RCP 0. 5021 0. 5345 0. 5055 0.3165 0. 5552 0.3278

IBLA 0. 5895 0.5811 0. 5083 0.3541 0. 8788 0.3372

FDUM ULAP 0.7749 0.6142 0.5310 0.3953 0.9367 0.4126
UWCNN 0.2967 0.2862 0.2913 0. 2466 0. 5453 0. 3209

Proposed method 0.9132 0.7820 0.7346 0. 5223 1.1151 0. 5506

RCP 0.6511 0. 3969 0.4806 1.1197 0.3915 0. 3208

IBLA 0.7155 0.4913 1. 3956 0.9377 0. 3255 0.3194

FADE ULAP 0.4921 0.4629 0.4245 0.7758 0. 3664 0.2438
UWCNN 1.2032 0.8691 0.5235 0.9187 0.7373 0.2824

Proposed method 0. 3741 0. 3061 0.2714 0.5971 0.2870 0.2006

F2 FNBTEIT M 15 bR 2 (B0 1L

Table 2 Comparison of average values of different quality
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Fig. 6 Failure cases of proposed method. (a) Scenes with non-uniform illumination; (b) scene depth and background light estimation;

(c) restored results
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