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Underwater Image Enhancement Frame Based on Color Balance and Feature Fusion

BAI Shaozhou', ZHANG Hao', ZHAO Jingbo'* , ZHANG Zhenkai', YUAN Hui®
(1. School of Information and Control Engineering, Qingdao University offTechnology, Qingdao 266520, Shandong, China;
2. School of Control Science and Engineering, Shandong University, Jinan 250061, Shandong, China)

[Abstract] Owing to the complexity of underwater environments and the scattering and absorption of light,
underwater images often suffer from issues such as imagesblurring, color distortion, and low visibility. To improve
image quality, an image enhancement frame based on celor Balance and feature fusion is proposed. First, the Dark
Channel Prior (DCP) parameters are optimized| using a®method that combines a quadtree search with light
attenuation characteristics to address the issue of image/blurring. Second, a differential compensation is applied to
the two attenuated channels used for the deblurreddmage for achieving a color balanced image. Subsequently, to
address the issues of detail loss and low) contrast in color balanced images, guided filtering is employed to
decompose the image and a nonlinear stretehing function is introduced for improving the detail layer, resulting in a
detail enhanced image. Using Contrast Limited Adaptive Histogram Equalization (CLAHE), normalized gamma
correction is added to obtain ¢ontrast enhanced images. Finally, weight maps containing different features are
extracted from the detail and contrast enhanced images and a multiscale pyramid strategy is adopted for fusion to
obtain the final enhanced imagé. > The experimental results demonstrate that compared to the references, this
method improves the average values of underwater image quality metrics, average gradient, and patch-based
contrast quality index by 17.6%, 76.4%, and 11.2%, respectively. This method exhibits robust performance in
improving image quality and can achieve various image enhancement effects.

[Key words] underwater image; Dark Channel Prior (DCP); color balance; contrast enhancement; details
enhancement; feature fusion
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Fig.1 The model of underwater optical imaging
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Fig.4 Deblurring image effect
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Fig.5 Color balance image effect
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Fig.6 Detail enhancement image effect
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Fig.7 Enhancement effects in different color biases images and their tricolor histograms
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Fig.8 Enhancement effects of blurred images in details
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Fig.9 Enhancement efféects of low illumination images
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Fig.10 Comparison of objective evaluation index for different methods
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Table 1 Comparison of average objective evaluation index for public datasets

ik UIEB $di 4 RUIE % 4 EHE
UlQM 4 AG 4 PCQI 4 uiQM#4 AG A PCQI A UlQM 4 AG A PCQIA
UuTv 2.172 0 5.192 0 0.662 2 1.281 8 2.089 7 0.229 5 1.726 9 3.640 9 0.4459
SMBL 4.346 3 6.927 7 1.073 4 3. 396 6 6.024 6 1.113 2 3.856 2 6.476 2 1.093 3
NUCE 4.031 3 5.490 9 059529 3.356 3 4.433 3 1. 062 4 3.693 8 4,967 1 1.007 7
MSPE 3.238 6 6.503 7 15024 9 3.580 3 6.522 3 1.153 5 3.409 5 6.513 0 1. 089 2
GLCHE 3.795 8 7.047.0 1.107 2 3.928 9 6.939 9 1.173 5 3.8623 5 6.993 5 1.140 4
TOPAL 2.786 0 3. 864 8 0.747 1 2.974 6 3.877 9 1.014 1 2.880 3 3.871 4 0.944 1
ARITE 4.500 6 (12081 5 1.233 4.5873  12.5952 1.304 1 4.5440  12.3384 1.268 6
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Table 2 Average running time of

different methods AT s

ik SRR /MG FR
256 X 256 640X 480 960X 720
UTV 0.584 6 3.317 2 8.316 8
SMBL 2.493 8 12.979 9 29. 459 4
NUCE 1.761 7 7.583 6 17.111 3
MSPE 0.263 3 1.705 9 4,273 3
GLCHE 0.017 8 0.073 4 0.150 5
TOPAL 1.752 7 7.223 4 17. 006 2
AT 0.524 9 2.749 7 6.514 2
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Fig.11 experiment results of application test

x3 FEFEINARR

Table 3 Application effects of different.methods BT A
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