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Underwater optical image sharpening based on
fusion of channelquantization and red prior

Lin Sen Zhou Tianfei Zha Ziyue

(School of Automation and Electrical Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract: Underwater images usually have problems such as low contrast and color imbalance, which lead to unclear image texture
information. Aiming at finding a solution, an underwater optical image sharpening method based on fusion of channel quantization and
red prior is proposed. First, two input image versions are designed. Image 1 adjusts the image contrast by quantifying the color channel
histogram and redistributes the pixel value. In image 2, in order to achieve color equalization, the red channel prior is substituted into
the underwater imaging model to estimate the background light, direct component transmittance and backscattered transmittance. Then,
three weight maps are designed for each input image, including brightness map, saturation map and saliency map. Finally, the multi-
scale fusion strategy is used to fuse the image after local contrast enhancement and color correction with its normalized weight map. The
experimental evaluation carried out on multiple databases by subjective and objective indicators shows that the proposed algorithm can
recover more color and detail information while presenting high contrast, effectively improve the quality of underwater images, and has
advantages over other classical and novel algorithms.
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Fig.3 Underwater optical imaging system
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Fig. 10  Comparison experiment of UIEB dataset
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Table 1 Underwater images quality assessment based on UCIQE and FDUM indicators
CLAHE L*UWE UDCP Ucolor Water-Net AR
UCIQE FDUM UCIQE FDUM UCIQE FDUM UCIQE FDUM UCIQE FDUM UCIQE FDUM
Image 1 0.559 0. 500 0.564 0.557 0.588 0. 503 0. 566 0. 396 0.536 0.415 0. 685 0. 836
Image 2 0.593 0. 536 0. 608 0. 657 0. 603 0. 500 0.597 0. 465 0.579 0. 484 0. 643 0.670
Image 3 0. 566 0. 634 0. 561 0.741 0. 594 0. 621 0. 603 0. 657 0. 501 0.444 0. 677 0. 870
Image 4 0. 499 0. 631 0. 581 0. 966 0. 488 0. 596 0. 502 0. 542 0.514 0. 564 0. 693 1.290
Image 5 0. 466 0.353 0. 481 0.436 0. 544 0. 388 0.567 0.415 0. 442 0.262 0. 598 0.554
Image 6 0. 542 0.614 0. 539 0.575 0. 548 0. 581 0. 550 0.473 0.512 0.493 0. 598 0.717
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Fig. 12 Underwater images quality assessment based on UCIQE and FDUM indicators
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Table 2 Average values of UCIQE and FDUM based on datasets

CLAHE L’UWE UDCP Ucolor Water-Net AL
UCIQE FDUM UCIQE FDUM UCIQE FDUM UCIQE FDUM UCIQE FDUM UCIQE FDUM
EUVP 0.576 0.561 0. 587 0. 641 0. 602 0.553 0.582 0. 483 0.570 0.516 0. 633 0. 652
UIEB 0. 548 0. 647 0. 559 0. 740 0. 597 0. 691 0.570 0. 567 0.532 0.564 0. 626 0. 811
RUIE 0. 467 0. 367 0. 480 0. 439 0. 546 0. 459 0. 526 0. 355 0. 446 0. 295 0.611 0. 652
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Fig. 13 Average values of UCIQE and FDUM based on datasets
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Table 3 Feature matching points
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