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Underwater image enhancement algorithm based on illumination perception
adaptation and image wavelet iterative fusion

Zhang Guiping He Zhigin
(Electrical Engineering College, Guizhou University,Guiyang 550025, China)

Abstract: Due to the phenomenon of light absorption and scattering, underwater imaging often has problems such as
detail loss, color deviation, illuminance loss, and overexposure. To solve these problems, an enhancement algorithm
based on illumination adaptation and wavelet fusion is proposed in this paper. The overall brightness of the image is
improved by using the optimized logarithm transformation, and the enhanced image adapted to the background
illuminance is generated by the convolution operation of Gaussian kernel function, and then the underwater image is
enhanced by wavelet multi-scale fusion to enhance the low illuminance area of the underwater image and suppress the
overexposed area. Secondly, by calculating the mean of the color channels, the contrast and color saturation of the
fused image are adjusted. Finally, the images after Gamma correction and sharpening are fused by wavelet iteration to
obtain the final underwater enhanced image. Experimental results show that the proposed algorithm can effectively
enhance image detail and restore image color difference. The mean values of IE, UCIQE and UIQM of the image are
improved by 7. 5%, 36.6% and 199. 8%, respectively, compared with the original image.

Keywords: underwater image enhancement; illuminance adaptation; Gaussian kernel convolution operation; Gaussian

filter; wavelet iterative fusion
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Fig. 1 Algorithm flow chart
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Fig. 2 Flow chart of wavelet fusion algorithm
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Fig. 3 Fusion comparison of different wavelet bases
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Fig. 4 Color restoration experiment
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Table 1 Underwater image quality assessment (UIQM)
Image Original UDCP uTv L-2UWE GDCP LBLA WWPF Ours
Imagl 2.147 3. 254 1. 661 3.243 2.959 2.930 4.508 4.767
Imag?2 1. 479 2.913 1. 547 2.510 4.299 2. 858 4.392 4. 337
Imag3 1. 552 2.764 1. 144 0.710 1. 831 4.736 4. 560 4. 893
Imag4 1. 237 2.328 0.716 2. 644 1.627 1. 876 4. 384 4.423
Imagb 1. 048 1.762 —0.531 2.198 1. 654 2.564 4. 530 4. 985
Imag6 1. 701 3.249 1. 083 2.298 0. 870 3.354 4. 666 4. 925
Imag?7 1. 828 2.674 0.291 1. 759 1. 085 2.954 4.312 4. 455
Imag8 0. 648 4.099 2.439 0.710 —0.505 2.404 3.575 4.273
Imag9 2.251 2.099 3.294 3. 240 1.799 2.352 4.107 4.577
g 1. 543 2.794 1. 294 2. 146 1.735 2.892 4. 337 4. 626
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Table 2 Underwater color image quality evaluation (UCIQE)
Image Original UDCP uTv L2UWE GDCP LBLA WWPF Ours
Imagl 0. 400 0. 541 0.503 0. 450 0. 440 0.431 0. 583 0.582
Imag?2 0. 452 0.512 0.512 0. 487 0. 559 0.523 0. 560 0. 584
Imag3 0. 394 0.521 0. 481 0.479 0.414 0.510 0.571 0. 575
Imagd 0. 486 0.616 0.584 0. 499 0.499 0.534 0. 589 0. 604
Imagb 0. 356 0.517 0.428 0. 383 0. 386 0.475 0.590 0.599
Imag6 0.436 0.521 0. 377 0.479 0. 482 0.551 0.613 0.623
Imag? 0. 484 0.553 0. 541 0. 505 0. 490 0.543 0. 586 0. 600
Imag8 0. 437 0.537 0.582 0.479 0. 492 0. 550 0.616 0. 620
Imag9 0. 489 0. 547 0. 585 0. 550 0.510 0.562 0. 581 0. 586
¥ 0. 437 0.541 0.510 0.479 0.475 0.520 0. 588 0.597
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Table 3 Information Entropy (IE)
Image Original UDCP uTv L2UWE GDCP LBLA WWPF Ours
Imagl 7.192 8 —0.0335 +0.480 0 +0.351 9 +0.153 1 +0.188 1 +0.717 6 +0.767 0
Imag2 7.3919 —0.274 1 —0.058 0 +0.336 2 +0.128 5 +0.134 7 +0.471 8 +0.563 3
Imag3 7.284 17 —0.046 2 +0.367 3 +0.246 2 +0.057 5 +0.437 5 +0. 654 0 +0.665 1
Imag4 7.293 8 —0.4259 —0.102 4 +0.290 8 +0.083 0 +0.355 6 +0.543 6 +0.579 9
Imagb 7.172 1 —0.166 4 —0.164 4 +0.191 6 —0.042 6 +0.471 3 +0.741 8 +0.667 8
Imag6 7.377 4 —0.916 5 —0.677 6 +0.392 2 +0.399 1 +0.324 2 +0.470 0 +0.507 7
Imag7 7.792 5 —0.420 4 —0.409 7 +0.108 5 +0.022 9 +0.059 8 +0.172 6 +0.183 6
Imag8 7.180 9 —0.722 8 +0.073 1 +0.549 8 +0.468 0 +0.448 1 +0.436 5 +0.691 4
Imag9 7.546 1 —0.792 9 —0.254 4 +0.362 6 +0.155 1 +0.3221 +0.071 3 +0.318 2
g 7.359 1 —0.422 1 —0.082 9 +0.314 4 +0.158 3 +0.304 6 +0.475 5 +0.549 3
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