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Underwater image enhancement method combining multi-channel
equalization and multi-scale fusion
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gy » Kunming, Yunnan 650500, China)

Abstract: Aiming at the problems of color distortion and low contrast of underwater degraded images in
different scenes, an underwater image enhancement method combining multi-channel equalization and
multi-scale fusion is proposed. Firstly,the green channel is used to compensate the red channel and then
the red channel is strengthened again through the regional red channel mean. Secondly, the self-adaptive
platform histogram equalization is used to expand the gray-level range of R,G and B channels and redis-
tribute the gray values. Finally, the V channel processed by Gamma, GUM and CLAHE algorithms is
fused at multiple scales. The experimental results show that the proposed algorithm is simple and effec-
tive, which can significantly improve the haze and blue-green appearance of the image,enhance the image
definition,and show strong generalization adaptability in a variety of scenes.

Key words: underwater image enhancement; red channel compensation; self-adaptive platform histogram

equalization; multiscale fusion; gray-level extension
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Fig. 1 The process of light propagation under water
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Fig.2 Degraded images of different underwater scenes and their histograms and channel decomposition diagram:

(1) Haze scene; (2) Uneven illumination scene; (3) Blue-dominated underwater scene; (4) Green-dominated underwater scene;

(a) Original image; (b) Histogram; (c¢) R channel; (d) G channel; (e) B Channel
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Fig. 3 Flow chart of the proposed algorithm
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Fig. 5 Results of red channel compensation: (a) Original image; (b) Primary compensation result;
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(¢) Secondarycompensation result when f=0.1; (d) Secondary compensation result when $=0. 3;

(e) Secondary compensation result when =0.5; (f)—(j) color scaled red channel gray images corresponding to (a)—(e)
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Fig. 6 Effect of multi-channel equalization: (1) Original image; (3) Secondary compensation result of red channel;

(5) Multi-channel equalization result combining red channel compensation and W-SPHE; (2) (4) (6) Histogram;

(a) Color image; (b) R channel; (c¢) G channel; (d) B Channel
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Fig. 8 Enhancement results of underwater degraded images based on different algorithms:

(1)(2) Haze scenes; (3)(4) Uneven illumination scenes; (5)(6) Blue-dominated underwater scenes;

(7)(8) Green-dominated underwaterscenes; (a) Original image; (b) UDCP; (c¢) WCID; (d) Two-step method;

(e) Fusion method; (f) Proposed algorithm
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Tab.1 Comparison of evaluation index values of underwater haze scenes

oo Orgtimee) yorg Mo e s

Original image 0.2954 1.5422 0.4651 0.1074

UDCP 0.4731 2.2756 0.2406 0.1166

WCID 0.4237 2.0876 0.3702 0.1259

(1) Two-step method 0.3006 0.8168 0.516 6 0.1161

Fusion method 0.5258 2.7551 0.6600 0.1215

Haze Proposed algorithm  0.554 8 2.8865 0.6702 0.1551

scenes Original image 0.3365 1.9254 0.5003 0.1420

UDCP 0. 4607 2.1532 0.1579 0.1011

WCID 0.3935 2.1965 0.3470 0.1303

2 Two-step method 0.4085 1.9992 0.4679 0.14738

Fusion method 0.5530 2.8278 0.4066 0.1457

Proposed algorithm  0.589 2 3.2165 0.5000 0.1521

x2 KTHRRAHBEGHEWITEMIEFRXTLE
Tab.2 Comparison of evaluation index values of uneven illumination images

e Orgtimee) g o s s

Original image 0.6146 2.5412 0.1864 0.1216

UDCP 0.6120 2.4539 0.1737 0.1258

3y WCID 0.6160 2.3118 0.1483 0.1308

Two-step method 0.5503 3.1098 0.4785 0.0949

Fusion method 0.5867 2.3262 0.2490 0.1203

_ Uneven Proposed algorithm 0. 6532 3.1930 0.3442 0.1193
illumination

scenes Original image 0.4450 1.3828 0.1008 0.0827

UDCP 0.4549 1.4784 0.0689 0.0765

7 WCID 0.4357 1.3453 0.084 4 0.0805

Two-step method 0.5244 2.1893 0.2312 0.1008

Fusion method 0.5980 2.1319 0.2346 0.0747

Proposed algorithm 0. 658 0 2.7248 0.2769 0.1265
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Tab.3 Comparison of evaluation index values of blue-dominated underwater images

Underwater Original images/

Information Average

degraded images Methods UCIQE entropy luminance NRSS
Original image 0.3535 2.0913 0.4029 0.0898
UDCP 0.4505 1.9025 0.0971 0.0553
WCID 0.444 6 1.6983 0.3395 0.0863
) Two-step method 0.4158 2.0302 0.4722 0.094 5
Fusion method 0.5421 2.7267 0.4671 0.0951
dofqliijted Proposed algorithm 0. 3793 2.9986 0.4781 0.1071
underwater Original image 0.4876 2.9236 0.3748 0.2331
seenees UDCP 0.5920 2.7188 0.2340 0. 2069
WCID 0.5682 2.7785 0.3171 0.2167
) Two-step method 0.5055 2.9977 0.3574 0.2553
Fusion method 0.5652 2.9852 0.4141 0.2499
Proposed algorithm 0. 5980 3.3331 0.4687 0.2574
x4 BEEZKTEEHEWITEMNIEIRRTE

Tab.4 Comparison of evaluation index values of green-dominated underwater images
B
Original image 0.4897 3.2965 0.5151 0.1673
UDCP 0.5303 3.1837 0.4119 0.176 6
WCID 0.5489 3.0784 0.3647 0.1612
E Two-step method 0.5657 3.0413 0.4532 0.1865
Green Fusion method 0.5486 3.1642 0.5347 0.1670
dominated Proposed algorithm  0.5735 3.3592 0.4977 0.1936
underwater Original image 0.5319 2.9994 0.3214 0.1518
seenees UDCP 0.569 6 2.7445 0.2454 0.1379
8 WCID 0.5747 2.8365 0.2604 0.1534
Two-step method 0.5525 3.146 2 0.3692 0.1388
Fusion method 0.5601 3.0844 0.407 4 0.1569
Proposed algorithm 0. 586 0 3.3554 0.446 8 0.1654
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