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Color tograyscale algorithm based on local contrast enhancement

in contourlet transform domain
WANG Bing-xue, LIU Guang-wen" , LIU Mei, CHEN Guang-qiu

(School of Electronic and Information Engineering , Changchun University of

Science and Technology , Changchun 130022, China)

Abstract; In order to better preserve the local contrast of the original color image and obtain the per-
ceptual accurate grayscale image, a grayscale algorithm based on local contrast enhancement in cont-
ourlet transform domain is proposed. Firstly, in CIE Lab space, the conjugate gradient algorithm is
used to optimize the objective function to get the global mapping function parameters, and preliminary
grayscale image is obtained. Then, the multi-scale and multi-direction decomposition of color image
and preliminary grayscale image are carried out by contourlet transform, local chromatic contrast ratio

is used to enhance the contrast of directional detail image, and the enhanced detail image is obtained
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by inverse contourlet transform. Finally, the enhanced detail image is superimposed with the prelimi-

nary grayscale image to get the final grayscale image. Experiments on COLOR250 and Cadik database

show that the proposed algorithm in this paper is superior to some typical algorithms in the existing

literature, which can effectively preserve the contrast and structure information of the original image.

The visual perception is natural for the grayscale image, whose subjectivity and objective evaluations

are optimal.

Key words: contourlet; grayscale; contrast; mapping function; visual perception
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Fig.2 Preliminary grayscale result of “Sunrise” image
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Fig.3 Preliminary grayscale result of “Sunrise” image
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Fig.5 Experimental results of the first group of different grayscale algorithms
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Tab.1 SM-SSIM evaluation data of experimental results of different grayscale algorithms

75 CIEY Gooch Grundla Smith Lu201 Lu2014 VNG = B
1 0.948 2 0.852 8 0.860 3 0.941 7 0.740 4 0.745 3 0.947 1
2 0.621 9 0.524 6 0.702 6 0.683 9 0.493 8 0.553 6 0.687 1
3 0.909 3 0.830 8 0.910 6 0.886 3 0.715 8 0.854 8 0.903 4
4 0.880 4 0.913 9 0.914 8 0.889 6 0.963 0 0.834 8 0.948 3
5 0.531 9 0.539 0 0.550 3 0.522 8 0.554 6 0.557 5 0.552 3
6 0.920 4 0.970 3 0.950 7 0.968 2 0.923 1 0.963 5 0.979 4
7 0.847 0 0.860 5 0.911 4 0.960 4 0.849 9 0.819 0 0.962 4
8 0.953 7 0.959 2 0.819 0 0.971 0 0.941 4 0.932 7 0.974 2
9 0.938 8 0.926 5 0.769 5 0.936 0 0.729 9 0.862 8 0.946 0
10 0.875 0 0.865 4 0.812 3 0.872 7 0.695 4 0.717 0 0.876 7
11 0.911 9 0.911 8 0.878 1 0.906 0 0.863 1 0.878 1 0.965 9
12 0.890 6 0.846 4 0.884 7 0.899 5 0.905 6 0.767 2 0.844 1
13 0.907 2 0.891 8 0.786 7 0.904 7 0.672 4 0.826 9 0.918 3
14 0.693 5 0.798 5 0.713 3 0.763 3 0.698 3 0.829 5 0.778 4
15 0.809 8 0.819 1 0.698 1 0.809 4 0.756 0 0.758 8 0.819 6
16 0.908 4 0.898 4 0.899 7 0.968 § 0.897 0 0.901 0 0.935 2

Yi{E 0.846 8 0.8381 3 0.816 4 0.867 8 0.775 0 0.8002 6 0.877 4

F2 AARELEEZRERM E-Score M H 7
Tab.2 E-Score evaluation data of experimental results of different grayscale algorithms

¥ 5 CIEY Gooch Grundla Smith Lu201 Lu2014 VNS
1 0.792 3 0.750 0 0.768 6 0.685 4 0.824 2 0.719 4 0.755 2
2 0.303 7 0.755 0 0.604 5 0.187 4 0.617 9 0.749 6 0.657 8
3 0.578 3 0.604 0 0.816 0 0.425 1 0.661 1 0.589 8 0.598 7
4 0.694 7 0.705 9 0.754 9 0.624 7 0.797 3 0.817 7 0.808 6
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5 0.928 8 0.929 7 0.924 0 0.927 3 0.937 9 0.934 8 0.938 9
6 0.968 0 0.958 0 0.977 0 0.967 7 0.974 9 0.952 4 0.952 9
7 0.604 5 0.595 0 0.652 9 0.624 5 0.730 5 0.764 3 0.765 5
8 0.941 5 0.985 7 0.881 8 0.939 5 0.876 5 0.939 2 0.976 7
9 0.892 3 0.928 8 0.920 3 0.886 7 0.844 5 0.926 1 0.928 9
10 0.806 9 0.859 3 0.918 8 0.810 6 0.917 2 0.924 7 0.926 9
11 0.891 1 0.918 8 0.982 0 0.886 9 0.947 5 0.981 0 0.983 9
12 0.770 7 0.816 2 0.790 7 0.761 2 0.757 0 0.886 2 0.888 9
13 0.852 3 0.829 5 0.778 1 0.767 6 0.740 7 0.824 0 0.853 3
14 0.852 1 0.883 7 0.874 2 0.816 7 0.879 0 0.901 1 0.905 2
15 0.848 8 0.878 0 0.736 9 0.845 2 0.839 9 0.804 8 0.838 7
16 0.628 4 0.608 0 0.680 2 0.706 0 0.612 7 0.729 3 0.699 7
HE 0.772 2 0.812 9 0.816 3 0.741 4 0.809 9 0.840 3 0.842 5
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Tab.3 Running time of the different decolorization algo-

rithms s

By 256X192 320240 512X384 1 024X768
CIEY 0.025 0.044  0.103 0.381
Gooch  496.569 1 184.733 7 914,752 >>5h
Grundland ~ 0.568 0.909 1.945 5.410
Smith 2.453 3.557 7.967 24.320
Lu2012  0.238 0.358 0.566 3.459
Lu2014  0.193 0.236 0.459 2.528
ACHEP 0.571 0.859 1.813 6.149
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