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Underwater image enhancement based on improved Gamma correc-
tion and multi-scale fusion

LI Huakun, LI Heng* , ZHAO Lei, WANG Hairui

(Faculty of Information Engineering and Automation, Kunming University of Science and Technology » Kunming,
Yunnan 650500, China)

Abstract: As the absorption and scattering of light in underwater propagation, problems such as fuzzy,
low contrast,color deviation and uneven illumination appear in underwater images taken. In view of the
above problems,an improved underwater enhancement algorithm based on Gamma correction and multi-
scale fusion is proposed. Firstly, Red and Blue channels are compensated based on Green channel,and the
correction image is obtained by Gray World algorithm after histogram stretching of RGB three channels.
Then, the color corrected image is corrected for uneven illumination by using the improved Gamma func-
tion to obtain the uneven illumination corrected image,and the illumination uniformity image is normal-
ized. Then, the contrast of the image after uneven illumination correction is improved by contrast limited
adaptive histogram equalization (CLAHE) algorithm to obtain the contrast improved image. Finally, the
multi-scale fusion algorithm is used to fuse the above three images to obtain the enhanced image. Experi-
mental results show that the proposed algorithm has good processing effects on images in different un-
derwater environments,and the image quality evaluation index is significantly improved.
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(CLAHE) ; multi-scale fusion
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Fig. 1 Underwater optical imaging model
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(c) Proposed algorithm
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Fig. 7 Image before and after contrast enhancement

(d) CLAHE algorithm
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Fig.8 Correction results of different algorithms: (a) Raw image; (b) Ref.[2]; (¢) Ref.[3]; (d) Ref.[4];
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Tab.1 Index of MSE
Methods ~ Ref. [2] Ref. [3] Ref. [4] Ref. [5] Ref. [6] Ref. [7] Srgf)ﬁftﬁ
Imagel 296. 30 352.90 968. 34 605. 99 2603.69 573.48 296.07
Image2 771.41 582.08 378. 80 1085. 49 2305.51 291.08 169. 47
Image3 412,14 267.27 1635.98 737.98 5427.74 511. 88 196. 58
Image4 1255.27 2 860. 29 600. 27 604. 00 3358.87 1319.82 348. 25
Imageb 525. 66 191.59 1375.5 370. 81 1946. 04 3430.09 326. 46
Image6 719. 84 2136.70 654.12 100. 64 1850. 97 980. 48 634,42
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Tab.2 Index of PSNR
Methods  Ref. [2] Ref. [3] Ref. [4] Ref. [5] Ref. [6] Ref. [7] af’l;‘jj;ftfi
Imagel 23.414 22.654 18.271 20. 306 13.975 20. 546 23.417
Image2 19. 258 20. 481 22.347 17.775 14.503 23.491 25. 840
Image3 21.980 23.861 15.993 17. 450 10. 785 21.039 25.195
Imaged 17.143 13. 567 20. 347 20. 321 12. 869 16.926 22.712
Image5b 20. 924 25.307 16. 746 22.439 15. 239 12.778 22.993
Image6 19. 558 14.833 19.974 28.103 15. 457 18. 216 20. 080
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Tab.3 Index of UIQM
Methods  Ref. [2] Ref. [3] Ref. [4] Ref. [5] Ref. [6] Ref. [7] ng‘éﬁ?{*‘hﬁ
Imagel 2. 739 3.625 4.102 2.623 2. 202 2.431 5.014
Image2 0.745 0.379 2.863 1.790 0. 605 1.407 4,021
Image3 3.911 1. 566 2.438 0.963 2.930 0.991 4.570
Image4 4,754 3. 360 4. 857 4.560 3. 488 5.308 5.474
Imageb 2.171 1.724 1. 909 0.283 1. 397 0.308 3.758
Image6 3. 854 2. 886 4. 080 4. 356 4.156 4,484 5. 304
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Fig. 9 Low-light image correction:

(a) Low-light images; (b) Correction results
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Fig. 10 Feature point matching results:

(a) Matching results of raw image;

(b) Enhanced image matching results
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