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Abstract This study proposes an improved underwater polarization-difference imaging model to overcome the
problem of distortion that occurs in image processing based on conventional underwater polarization-difference
imaging model. By this method, the inversion process and correction parameters are introduced for the correction of
target forward-scatter intensity, thereby avoiding the image distortion caused by the global parameters’ direct
inversion and the negative local gray values associated with the traditional underwater polarization-difference imaging
model. Using active linear-polarization illumination and underwater-target imaging detection, we obtain the
polarization image data with an FD-1665 polarization imager. Using objective image-quality evaluation parameters,
we compare multiple sets of experimentally processed images. Results show that the proposed model effectively
improves the image-contrast value by more than 40% in comparison with those obtained by the conventional model,
indicating the effectiveness of the improved polarization difference imaging model.
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Fig. 2 Ceramic images with different linear polarization directions. (a) 0°; (b) 45°; (c) 90°
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Fig. 3 Pre-processed intensity image
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Fig. 4 Restored image obtained by conventional underwater

polarization difference imaging model
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Fig. 5 Restored scene image obtained by improved model
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Fig. 6 Estimation of correction parameter e of ceramic restoration images. (a) Relationship among correction parameter €,
contrast, and information entropy; (b) relationship among correction parameter e, average gradient, and information
entropy
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Table 1 Comparison of experimental results

Image Contrast Contrast increment /% Information entropy Information entropy increment /% Average gradient
Fig. 3 0.1524 6.7354 0.0047
Fig. 4 0.3757 146 7.4431 10.5 0.0178
Fig. 5 0.6074 298 7.5260 11.7 0.0338
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Fig. 7 Comparison of glass fiber board imaging. (a) Pre-processed intensity image; (b) image restored by conventional

underwater polarization difference imaging model; (c¢) image restored by improved model
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Fig. 8 Comparison of rusty blade imaging. (a) Pre-processed intensity image; (b) image restored by conventional

underwater polarization difference imaging model; (¢) image restored by improved model
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Fig. 10 Estimation of correction parameter e of rusty blade restoration images. (a) Relationship among correction parameter e,
contrast, and information entropy; (b) relationship among correction parameter €, average gradient, and information entropy
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Table 2 Comparison of experimental results

Image Contrast Contrast increment /% Information entropy Information entropy increment /% Average gradient
Fig. 7(a) 0.1048 6.0826 0.0043
Fig. 7(b) 0.3245 209 7.2476 19.1 0.0168
Fig. 7(¢)  0.4573 336 7.4838 23 0.0269
Fig. 8(a) 0.1557 6.6513 0.0046
Fig. 8(b) 0.3486 123 7.3099 9.9 0.0146
Fig. 8(c) 0.5065 225 7.5931 14.2 0.0239
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