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Blind Restoration for Underwater Image Based on Sparse Prior of
Red Channel
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College of Computer Science and Technology, Qingdao University, Qingdao, Shandong 266071, China

Abstract A novel variational blind restoration approach based on the sparse prior of red channel is proposed
according to the complete underwater optical image formation model. In order to simultaneously tackle the problems
such as haze, low contrast, color distortion, and blur caused by the scattering and absorption of water and
suspended particles in underwater scene, multiple regular terms with different purposes are merged into the
proposed variational model. First, a guided image is produced for color rendering depending on the direct component
and backscattering component of underwater optical imaging model. Subsequently, the data fidelity term is designed
based on the forward scattering component. Additional, LLO norm form is introduced as the deblurring regular term
on the basis of the sparse prior of red channel. Moreover, to accelerate the computational efficiency, an alternating
direction multiplier method is employed to solve the proposed model. Experimental results demonstrate that the
proposed method not only can remove haze, enhance contrast, and recovery color, but also has a good performance
on deblurring and improving visibility.
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Fig. 1 Comparison of red channel of underwater images. (al)(a2) Clear images; (bl)(b2) blurred images
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Table 1 Quantitative comparison of UCIQE under different underwater image restored algorithms

Image Original UDCP MSCW WCID IBLA Fusion UIDE Proposed
©) 0. 32 0. 32 0.40 0.45 0. 48 0.59 0.58 0.61
@ 0.41 0.50 0. 54 0.49 0.48 0.54 0.59 0. 64
©) 0. 46 0.51 0. 55 0.53 0. 54 0.57 0.61 0.62
@ 0. 50 0.49 0.59 0.56 0. 56 0.58 0. 54 0.61
© 0. 46 0.58 0.56 0.51 0.52 0.63 0.62 0.68
0.55 0.58 0. 60 0. 64 0.48 0.58 0.63 0. 64
@ 0. 54 0.56 0.59 0.61 0.59 0.58 0.59 0.63
Dataset average 0.48 0. 56 0.57 0.55 0.57 0.59 0. 60 0.63

# 2 REIKT EHRZ EE R BIQT #5 45X L
Table 2 Quantitative comparison of BIQI under different underwater image restored algorithms

Image Original UDCP MSCW WCID IBLA Fusion UIDE Proposed
) 0. 39 0.41 0.46 0. 31 0. 38 0. 39 0.45 0.73
©) 0.48 0.57 0.59 0.50 0.57 0.58 0.59 0.59
©) 0. 47 0.48 0.54 0.57 0. 39 0. 54 0. 54 0. 66
@ 0. 50 0.62 0. 65 0. 64 0. 56 0.55 0.48 0.58
© 0.38 0.61 0.52 0. 50 0. 40 0.53 0.45 0.62
© 0.62 0.69 0.58 0. 60 0. 54 0.59 0. 56 0.63
@ 0.62 0.63 0.61 0.61 0. 56 0.61 0.55 0.67
Dataset average 0.55 0. 60 0.58 0.59 0.55 0.58 0.55 0.63

# 3 ARFEDKTE ER A R B TNB $5 bR 4 L
Table 3 Quantitative comparison of JNB under different underwater image restored algorithms

Image Original UDCP MSCW WCID IBLA Fusion UIDE Proposed
@ 7.73 7.07 5.45 6.45 5.957 5.02 4.37 12.57
©) 5. 33 4. 60 4. 56 6. 14 4.66 4.52 4,43 13.17
©) 2.13 2.07 1. 99 2.00 2.08 2.17 1. 97 2.44
@ 3. 84 4.10 3.36 3.56 3.35 3.29 3.55 9.00
® 4. 83 4. 36 4. 06 4,57 4.33 3.98 3.76 5.42
® 2.90 2. 88 2.62 2.99 2.83 2.87 2.89 3.77
@ 4,94 5.25 4.61 5.59 4.75 4. 67 4,44 7.05
Dataset average 4.65 4. 38 4. 00 4.49 4.07 4.12 3.63 4.82
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