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Low-light Image Enhancement Based on Gray Scale Transformation
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Abstract: Aiming at the problems of low contrast and blurred details of images captured under low-light
conditions due to the influence of light and the environment, important information is lost, and an image
enhancement method based on grayscale transformation and improved Retinex is proposed. First, the global
grayscale transformation function optimized by the gravity search algorithm(GSA) is used to perform
grayscale transformation on the grayscale image of each RGB channel of the image to enhance the image
illumination intensity and make it closer to the uniform illumination scene. The image is then converted to the
HSV color space. The V channel (luminance channel) is processed by the improved multi-scale Retinex (MSR)
algorithm; range-based adaptive bilateral filtering and Gabor filtering are used as the surround function of the
Retinex algorithm, and the characteristics of the two filters are combined to enhance the brightness and detail
of the image. Finally, gamma correction is used to avoid image color casts caused by image fusion. The
experimental results show that the enhanced image processed by this method is better than that processed by
other methods in subjective and objective evaluation, the color distortion of the image is smaller, and the details
are clearer, which paves the way for the subsequent application of the image.

Key words: image enhancement, global grayscale transformation function, gravitational search algorithm,
bilateral filtering, Retinex theory
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Table 1 Parameters of each algorithm
Method Parameter
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BSSR  sigma _s5={0.05,0.1,0.3};
Filter size N=2;
Ref. [4] sigma ={64,128,256};
Color recovery factor C=1/3
V-SSR sigma=256
sigma _s={15,70,110};
Ours sigma _d={0.05,0.1,0.3};

=3, filter size N=2;
Weight factor m=0.4
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Fig.8 Enhanced comparison of image A by different algorithms
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(b) The result of the improved Retinex algorithm for grayscale transformation preprocessing
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Fig.11 Comparison of the improved Retinex method with and without grayscale transformation preprocessing
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Table 2 Objective quality evaluation of images A, B and C

Image A Image B Image C
Method
IE MG PSNR 1IE MG PSNR 1IE MG PSNR

Original image 6.8780 0.0141 6.6150 0.0255 7.1937 0.0375

BSSR 7.5857 0.0380 52.6133 7.5051 0.0564 41.3939 7.6856 0.0982 36.2253
Ref.[4] 7.5335 0.0465 51.6841 7.4900 0.0574 37.5988 7.6190 0.0961 35.2424
V-SSR 7.4974 0.0349 499789 7.4368 0.0540 39.4727 7.4950 0.0904 34.0436
Oursl 7.6121 0.0344 68.0142 7.5252 0.0598 54.4110 7.8207 0.0651 55.6753
Ours 7.8976 0.0608 752760 7.5871 0.0499 64.4282 7.9459 0.1326 79.0920
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Fig.12 Comparison of the positioning of the center of the glass

bottle mouth
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