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Abstract A fast and adaptive enhancement algorithm for low illumination images based on wavelet transform
is presented. RGB color image is converted to HSV color space, and the luminance component V is
decomposed to low frequency sub—band and high frequency sub-bands by discrete wavelet transform (DWT).
The illumination component is estimated and removed using bilateral filtering from the low frequency sub-
band quickly, and the high frequency sub—bands corresponding to the image edges and texture are enhanced
and de—noised using transform of fuzzy set. Based on the proposed histogram objective function, the contrast
of the resulted V image is enhanced adaptively and quickly by employing the optimization method combining
the Powell with the simulated annealing algorithm. The visibility improved color image is generated by
combining the enhanced V image with H and S chrominance components. The experimental results show that
the proposed algorithm can improve the visibility of low illumination images quickly and effectively.
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Fig.1 Flow chart of image enhancement algorithm
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Fig.3 Enhancement results and their histograms with different parameters. (a) Original image; (b) @ =2, B=3.5; (c) a =3, B=4.5
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Fig.4 Enhancement results of gray images. (a) Original images; (b) enhancement results
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Fig.5 Comparison of processing resulis of the three algorithms under non—uniform illumination condition. (a) Original images;
(b) SSR algorithm; (¢c) MSR algorithm; (d) the proposed algorithm
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Fig.6 Comparison of processing results of the three algorithms under uniform illumination condition. (a) Original images;
(b) SSR algorithm; (¢) MSR algorithm; (d) the proposed algorithm
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Table 1 Comparison of processing time with three algorithms

Image size SSR /ms MSR /ms Proposed algorithm /ms
256 pixelX256 pixel 368 1013 168
512 pixelx512 pixel 1070 2800 300
720 pixelx576 pixel 1554 4047 649
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