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Abstract Aiming at the phenomenon of color attenuation, surface blur, and uneven illumination in underwater optical images,
we proposed an underwater optical image enhancement algorithm based on color constancy and multiscale wavelet. First, we
adopt the gray world assumption to compensate the attenuation channel and use the color constancy to adaptively adjust the
global brightness and contrast of the image to effectively correct the color shift. Second, combined with the characteristics of
multiscale wavelet decomposition, we adopt morphological open operation to improve the dark channel transmittance to remove
the low-frequency haze phenomenon, and the soft threshold reduces the high-frequency noise. Then, a two-dimensional gamma
function is used to adaptively correct the uneven illumination, and sharpening is used to improve the edge detail. Finally, the
weight map of the fused input image is defined: gamma correction and sharpening images, and the enhanced image is obtained
by multiscale fusion. The experimental results show that the proposed algorithm can effectively balance the chromaticity and
brightness of underwater optical images and significantly improve image clarity and detail information. Additionally, application
tests show that the algorithm performs well in feature matching, low-light conditions, and edge detection.

Key words ocean optics; underwater optical image; image enhancement; color constancy; multiscale wavelet transform
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Fig. 2 Color correction results. (a) original images; (b) pseudo color images of original images; (¢) color correction images

(d) pseudo color images based on color correction
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Fig. 3 Comparison of different wavelet decomposition levels. (a) Original image; (b) level 0; (c) level 2; (d) level 4
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Fig. 4 Comparison of underwater optical image clarity effect. (a) Original image; (b) dark channel prior dehaze; (c) multiscale wavelet dehaze
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Fig. 6 Comparison of sharpen. (a) Original image; (b) gray scale image of original image; (c) edge detail of original image;

(d) sharpened image; (e) gray scale image of sharpened image;
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Fig. 7 2D gamma weightmap. (a) 2D gamma correction result; (b) luminance weightmap; (¢) chromatic weightmap; (d) saliency weightmap
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Fig. 8 Sharpen weightmap. (a) Sharpen result; (b) luminance weightmap; (c¢) chromatic weightmap; (d) saliency weightmap
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Fig. 9 Underwater optical image enhancement results based on different algorithms. (a) Original image; (b) algorithm in reference [6] ;

(¢) algorithm in reference [ 7]; (d) algorithm in reference [8]; (e) algorithm in reference [9]; (f) proposed algorithm
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Table 1 Comparison of evaluation indexes of images processed by different algorithms

Algorithm in reference [ 6]

Algorithm in reference [ 7]

Algorithm in reference [ 8]

Image UCIQE UuliQM AG UCIQE UuliQM AG UCIQE ulQM AG

1 0.522 2.982 1.772 0.517 2.895 2.423 0.573 4.554 3.862
2 0.565 4.828 2.886 0.486 3.725 2.971 0.632 4.536 4.695
3 0.536 6.001 5.443 0.573 3. 685 6. 345 0.635 4. 540 8. 447
4 0.554 4.019 3.316 0.549 2.161 3.758 0.667 4.186 7.400
5) 0.507 2.936 3.921 0.560 3.128 4.664 0.565 4.880 5. 334
6 0.554 4.089 3. 846 0.576 4.212 4. 867 0.569 4.649 5. 445
7 0.585 3.662 4.455 0.656 4.465 6.241 0.630 5. 169 7.871
8 0.513 3.171 3.218 0.517 3.927 4.901 0.519 3.877 5.173
9 0.635 3.624 7.608 0.673 3.705 8.878 0.605 5. 253 7.838
10 0.511 2.314 3. 005 0.582 4.679 4.793 0. 564 5.082 6.518

Average 0.548 3.763 3.947 0.569 3. 658 4.984 0.596 4.673 6. 258

Image Algorithm in reference [ 9] Proposed Method
UCIQE ulQM AG UCIQE uliQM AG

1 0. 586 4.484 3. 180 0.610 4.970 7.970
2 0.621 3.722 3. 777 0.671 4.445 7.292
3 0.590 4.097 7.766 0.601 4.811 13.132
4 0.609 4.028 5.470 0.623 4.524 8.997
5) 0.562 4.633 5. 943 0.637 4.940 10. 293
6 0.590 4.610 5. 867 0.630 4.674 11. 307
7 0.638 4.894 6.947 0.642 4.834 11. 302
8 0.478 3.018 3. 528 0.610 5.310 14. 334
9 0.616 4.816 9. 540 0. 640 4.642 15.520
10 0. 566 4.716 5.518 0.626 5.642 13.462

Average 0. 586 4.302 5. 754 0.630 4. 879 11. 361

3.3 MAMNK
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Fig. 10 Application test results. (a) Original image matching results; (b) enhanced image matching results
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Fig. 11 Evaluation results of low illumination image
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Fig. 12 Canny edge detection comparison results. (a) Original image; (b) Canny operator detection results of original image;
(c) enhanced image; (d) Canny operator detection results of enhanced image
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