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Underwater image enhancement based on fusion algorithm

Lin sen, Chi Kaichen
(Electronic and Information Engineering School, Liaoning Technical University, Huludao
125000)

Abstract: Underwater optical images are deeply affected by light absorption and scattering. There are
many problems in underwater optical images, such as noise interference, blurred texture features,
illumination spot, low contrast and color distortion. In order to enhance the quality of underwater
image and make it more visible, an underwater image enhancement algorithm based on fusion is
proposed in this paper. The aim of this algorithm is to improve the visual effect of underwater images
by using the information presented in underwater images to show more visible details and highlight
effective information. The algorithm is based on the fusion of three images. Firstly, the degraded image
is defogged by the improved DCP algorithm. For the defogged image, CLAHE algorithm and AGCWD
algorithm are used to obtain the color correction image and contrast enhancement image respectively.
Secondly, the fusion image and its associated weight map are defined, and the enhanced underwater
image is obtained by multi-scale fusion method.Finally, the enhanced underwater image is tested and
evaluated extensively. Through testing and evaluation, the method can effectively enhance the quality
of underwater image. After processing, the image contrast is enhanced, the color is bright, the overall
and local details of the image are clear, and the light and dark areas are evenly distributed. The method
can greatly improve the visual effect of the image and is suitable for different types of underwater
degraded images.

Key words: Image processing; Underwater image enhancement; Multi-scale fusion; Color correction
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Fig.1 Dark channel schematic image
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Fig.2 CLAHE schematic diagram
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Fig.3 Interpolation operation schematic diagram
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Ka JHE K5 CLAHE 43
Fig.4 Original image Fig.5 CLAHE processing image
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Ke K K7 AGCWD 4
Fig.6 Original image Fig.7 AGCWD processing image
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Fig.8 Original image Fig.9 Multiscale detail lifting processing image
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Fig.10 Laplacian contrast weight map Fig.11 Saliency weight map  Fig.12 Saturation weight map
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Fig.14 Algorithm flow chart
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Fig. 15 Color restoration experiment (a) Color card; (b) Degraded image; (c) Regularized image;
(d) UDCP image; (e) LAB image; (f) CLAHE image; (g) White balance image; (h) Proposed method
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(d) LAB L% (e) CLAHE 5k () ATHREEEIE: (9) AXHEEIE

Fig. 16 Color restoration experiment (a) Color card; (b) Regularized image; (c) UDCP image;
(d) LAB image; (e) CLAHE image; (f) White balance image; (g) Proposed method
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Fig. 17 Comparisons of different images of color deviation (a) Original image; (b) Regularized image;
(c) UDCP image; (d) LAB image; (e) CLAHE image; (f) White balance image; (g) Proposed method

18 AFEMELEE (@) RE; (b) ENMLHEERER; (c) UDCP HikEIE;
(d) LAB 5% [8{%: (e) CLAHE SR () H-PH#EVERE: () ACEERE
Fig. 18 Comparisons of different turbidities (a) Original image; (b) Regularized image;
(c) UDCP image; (d) LAB image; (e) CLAHE image; (f) White balance image; (g) Proposed method

-10 -



11

m :: ﬂ&ie XEﬁ http://www.paper.edu.cn

22 ZWTHY
i3 PP BATILGE A STRE XK T A BT R SR AR S $5F RIE R PN Fia AR
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Tab.1 Evaluation of UCIQE index
UCIQE
K& 11k ubCP LAB CLAHE SRS AR E

1 0.57 0.54 0.46 0.52 0.46 0.69

2 0.49 0.54 0.42 0.54 0.45 0.74

3 0.32 0.38 0.30 0.32 0.49 0.74

4 0.58 0.64 0.53 0.54 0.32 0.66

5 0.59 0.62 0.51 0.57 0.52 0.77

6 0.59 0.63 0.58 0.60 0.59 0.69

7 0.46 0.53 0.36 0.41 0.38 0.74

8 0.54 0.53 0.32 0.34 0.33 0.74
34 0.52 0.55 0.44 0.48 0.44 0.68
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