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Research on polarization image restoration method for concrete structures in
turbid water environment

LYU Zongjie' , LI Junjie' , ZHANG Xuewu’
(1. College of Waier Conservancy & Hydropower Engineering, Hohai University, Nanjing 210098, China;
2. College of Information Science and Engineering, Hohai University, Changzhou 213022, China)

Abstract: In order to enhance underwater image quality in turbid water environments, a polarization image restoration method for
concrete structures in turbid water was proposed based on laboratory underwater imaging experiments. The polarization characteristic
difference between the concrete’ s structural information light and backscattered light was analyzed, and the Stokes vector was used to
obtain the polarization parameter image of the underwater image. The contrast-limiting adaptive histogram equalization method was then
employed to enhance image contrast. Finally, the underwater polarization imaging model was utilized to achieve image restoration.
Comparative experiments against ten image processing methods demonstrate that in highly turbid sediment-laden water environments,
the proposed method achieves improvement rates of 252% , 561% , 241% , and 93% for the four evaluation metrics: average gradient,
entropy enhancement, underwater color image quality assessment, and underwater image quality measurement, respectively. This
enables the acquisition of underwater images of apparent defects in concrete structures with high contrast and clear details, making it
suitable for restoring underwater images of apparent defects in concrete structures.

Key words: apparent defect detection; underwater polarization imaging; image processing; turbid water; concrete structure
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Fig.2 Underwater image processing results of concrete specimen with cracks
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Table 1 Evaluation results of underwater image quality of concrete specimen with cracks

PR b T 5 95 AG EME UCIQE UIQM AL B E] /s
B 0.37 0.22 0.38 0.19
HE 0.95(157%) 0.48(118%) 0.57(50%) 0.48(153%) 0.7
CLAHE 1.15(211%) 0.67(205%) 0.41(8%) 0.56(195%) 0.7
Schechner 0.67(81%) 0.47(114%) 0.65(71%) 0.33(74%) 0.3
URetinex 1.03(178%) 1.75(695%) 0.55(45%) 0.54(184%) 3.8
BGCD 0.94(154%) 0.64(191%) 0.89(134%) 0.78(311%) 67.0
uDCP 0.90(143%) 0.62(182%) 0.43(13%) 0.45(137%) 11.0
IBLA 0.78(111%) 0.17(-23%) 0.73(92%) 0.42(121%) 16.0
CBF 0.80(116%) 0.65(195%) 0.69(82%) 0.40(111%) 14.0
NUCE 0.59(59%) 0.32(45%) 0.58(53%) 0.30(58%) 33.0
MMLE 0.94(154%) 0.73(232%) 0.58(53%) 0.47(147%) 1.5
ARSI 1.37(270%) 1.10(400% ) 0.74(95%) 0.65(242%) 0.9
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Fig.3 Underwater image processing results of concrete specimen with cracks in water environment with different

milk volumes added
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Fig. 4 Underwater image processing results of concrete specimen in water environments with different turbidity levels
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Fig. 5 Underwater image segmentation results of concrete specimen in water environment with low turbidity
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Table 4 Number of SIFT feature matching points in underwater image of concrete specimen in water

(g) 7 HIbR%E

environment with different turbidity levels

JKAARVEE LR /NTU JRE CLAHE Schechner NUCE ARSI
20 62 1871 731 609 4032
35 23 1099 493 335 2278

50 9 319 276 135 1173
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