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Underwater image enhancement based on turbulence model

corrected by transmittance and dynamically adjusted retinex

Tang Xinyu, Li Min, Xu Lingli, Hao Zhen, Zhang Xuewu
College of Internet of Things Engineering, Hohai University, Changzhou 213022, China

Abstract: Objective The attenuation of light is typically serious even in the purest water after filtration. Experiments show
that the attenuation of water is caused by two unrelated physical processes, namely, absorption and scattering. Water has
obvious selectivity for light absorption, and the absorption abilities of different spectral regions vary. Such variation leads to
the loss of light energy, which makes underwater imaging difficult with such phenomena as low definition and color distor-
tion. The scattering of light by water can be divided into forward and backward scattering. The suspended particles in water
cause the attenuation of light in the forward and reverse directions of propagation, which limits the detection range and dis-

tance of underwater optical imaging. This limitation results in a decrease in image contrast, blurred details, and degrada-
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tion. A series of degradation problems has weakened the detection rate and accuracy of defects. Therefore, the denoising
and enhancement of images with surface defects of underwater structures are significant. An improved image enhancement
algorithm based on turbulence model and multiscale retinex ( MSR) is proposed to improve the contrast and sharpness of
surface defect images acquired underwater and facilitate the subsequent segmentation, extraction, and recognition of the
defect region. The proposed method combines physical model with the nonphysical model method. Thus, this method
improves the considerably simple model parameters and poor versatility. The color cast of the enhanced image is consid-
ered, and the image noise is suppressed. Method An underwater image with uneven illumination is converted from RGB
space to Lab space, and histogram equalization ( HE) is performed on the luminance space. After the incident light is
reflected from the structure surface, it will be affected by the suspended particles from the water before it reaches the ima-
ging device, and the scattering phenomenon will generate noise. The absorption of the spectrum by the water will attenuate
the light intensity, and this condition will result in low image contrast. The process is similar to the imaging model of a fog-
gy-degraded image. Thus, the reconstructed method of the degraded image can be used to process the blurred underwater
image. The light intensity distribution in the imaged scene after homogenization is similar, which can be approximated as a
fixed value. The transmittance of the homogenized image can be estimated in accordance with dark channel prior theory. It
describes the medium transmission that is unscattered and reaches the light portion of the imaging system, and it is also the
degree of blur at each pixel. It reflects the degree of transparency of the light source components in the scene, which indi-
cates the extent to which the image is affected by the scattering of water. In consideration of the same degraded underwater
images and remote sensing images, the two exhibit similarities in optical properties, fluid media, and external forms. The
atmospheric turbulence model can accordingly be applied to simulate the degradation process of underwater images. The
transmittance obtained above is combined with a general model of atmospheric turbulence to simulate an underwater degra-
dation image by adjusting the transmittance coefficient. The image noise is filtered by Wiener filter, and the filtered image
is used as a guide image. An edge-preserved image is obtained using a guide filter to refine. Image enhancement is per-
formed in accordance with retinex theory. The MSR result is color-corrected on the basis of the 3¢ criterion to obtain an
enhanced underwater image. Multiple images collected under different turbulent environments are selected as the research
object. The method proposed in this study is used and compared with classic methods, such as the dark channel, HE, and
single-scale retinex ( SSR) algorithms. The indicators of signal-to-noise ratio (SNR), peak SNR, information entropy
(IE) , standard deviation (SD), and average gradient (AG) are evaluated. Result Experimental results show that the TE
and SD of the proposed algorithm are 11.7% and 25.6% higher than those of HE algorithm and SSR, respectively. The
AG is 31. 2% higher than that of HE algorithm, and the segmentation accuracy is increased by 3. 1% . The oversegmenta-
tion rate is the lowest among similar algorithms. From the perspective of subjective visual effects, the image after restoration
by the dark channel algorithm is rich in color and prominent in detail, but its gray value is mostly distributed in the low-
gray area. Such distribution results in a low image recognition rate and an unsatisfactory segmentation effect. The visual
effect of HE algorithm is the closest to the original image, but the problem that the gray scale distribution is excessively con-
centrated remains. The segmentation accuracy is slightly improved compared with that of the dark channel algorithm. The
image after SSR shows a color cast phenomenon, and the overall gray value of the image after the dynamically adjusted MSR
decreases. The range of gray scale is enlarged, and the color cast effect is improved. The color and detail of the image are
the richest, and the visual effect is the most natural among all the tested algorithms. Conclusion On the basis of the analy-
sis of an underwater image degradation model and the difference among pixels, the image transmittance is estimated, and
the gray scale distribution of the enhanced image is expanded by the 3¢ criterion. An enhanced underwater image with high
contrast, high definition, and balanced color is obtained. The algorithm improves the adaptive problem of the degenerate
model with excellent performance in comprehensive indicators, such as IE, SD, and AG. Compared with the dark channel
prior method, the proposed method exhibits greatly improved SNR and AG. The edge information of the image is preserved,
which provides a good information source for image segmentation and recognition in the next stage.

Key words: underwater image enhancement; turbulence model; transmittance; Wiener filtering; multi-scale retinex

(MSR) ; color correction
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Fig.5 Degraded image restored by Wiener filtering and its gradient map( (a) uniform image;

(b) restored image before improvement; (c¢) restored image after improvement; (d) gradient map of uniform image;

(e) gradient map of restored image before improvement; (f) gradient map of restored image after improvement )
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Fig.7 Enhancement effects of different algorithms

((a) original image; (b) restored image; (c¢) dark channel prior; (d) HE; (e) SSR; (f) ours)
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Fig. 8 Histograms of different enhancement algorithms

((a) original image; (b) restored image; (c¢) dark channel prior; (d) HE; (e) SSR; (f) ours)
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Fig.9 Segmentation results of different algorithms with OSTU
((a) original image; (b) restored image; (c¢) dark channel prior; (d) HE; (e) SSR; (f) ours)
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Table 2 Visual quality evaluation parameters of enhancement effects of different algorithms
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Fig. 10  Enhancement results of different images ( (a) original images; (b) restored images;

(c¢) dark channel prior; (d) HE; (e) SSR; (f) ours; (g) our segmentation resulis)
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Table Visual quality evaluation parameters of different images in Fig. 10

KEES TR, RN SNR/dB PSNR/dB IE sD AG SA/%
SRR wts 4.438 4 13. 809 1 7.408 0 46.592 1 1.041 7 86. 52

HE 16.942 1 23.905 9 6.718 9 25.8870 0.802 1 78.71

. SSR 12.634 5 18.828 3 6.983 8 32.119 3 1.201 0 97. 41
AR 12.229 9 17.685 1 7.377 4 42.964 4 1.483 6 98. 52

I 3 3 S 7.087 3 16.272 9 7.363 7 43.189 0 1.201 8 27.55

HE 16. 956 7 24.135 8 6.793 7 27.021 8 0.972 8 92.27

" SSR 11.683 8 17.897 7 7.182 8 35.721'5 1.2619 91.55
AL 10.261 2 15.435 0 7.434 2 44.498 4 1.608 0 95.75

1530 12 S 5 5.038 7 13.983 5 7.510 9 50.792 4 1.099 2 49.28

HE 17.129 1 24.059 0 6.720 3 25.770 6 0. 800 7 69. 54

" SSR 12.418 2 18.282 0 6.970 2 32.156 4 1.2379 82. 10
A3 11.964 3 17.433 8 7.3320 42.844 9 1.559 6 87.05

538 1 SE 06 4.209 7 14.780 9 7.1775 39.727 5 1.101 2 27.33

HE 19.483 8 26.968 0 6.530 9 22.953 7 0. 694 4 53.38

" SSR 11.351 4 17.323 6 7.311 1 39.123 8 1.294 5 81.07
A 10. 610 2 15.981 6 7.442 7 43.473 1 1.391 3 83.25

I 308 3 SE 3 5.289 6 15.955 5 7.147 5 38.492 0 1.1825 89. 56

HE 18. 656 7 26.394 4 6.383 7 20.418 0 0.594 5 98. 69

- SSR 11.241 6 17. 860 5 7.107 1 33.877 6 1.118 4 98. 87
A3 9.598 0 15.162 0 7.416 8 42.404 6 1.263 2 99.70
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