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Abstract: There is high correlation among each channel in RGB color space. If the color inverse halftoning method
with discrete channel is applied there are large worms and color differences which is sensitized by human visual will
be left. Based on the model of vector error diffusion the halftoning noise characteristics for color image are
developed, and a color inverse halftoning method based on Karhunen-Loeve transform and multi-scale pyramid
transform is presented. Using the Karhunen-Loeve transform the correlation among color components are reduced,
then the halftoning noise in high frequency detail is separated and de-noised by multi-scale median interpolating
pyramid transform and Wiener filter. Finally the color inverse halftone is constructed from the inverse pyramid and
Karhunen-Loeve transform. Experimental results demonstrate the proposed method can remove halftoning noise
effectively and overcome chromatic aberration. Peak signal-to-noise ratio is increased for about 2~3 dB higher than
the color inverse halftoning method with disrete channel, and the excellent visual effect is obtained.

Key words: image processing; color inverse halftoning; Karhunen-Loeve transform; multi-scale; median
interpolating pyramid transform (MIPT)
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Fig. 1 Diagram for vector error diffusion halftoning system
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Fig.5 (a),(b) and (c) are the approximations of MGM halftoning decomposited by K-L & MIPT transform on 1-scale,
(d),(e) and (f) are the details of MGM halftoning decomposited by K-L & MIPT transform on 1-scale
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Fig. 6 (a),(b) and (c) are the compare of Probability Distribute Function (PDF)on detail coefficients of MGM halftoning
that are decomposited by K-L & MIPT transform on 1-scale. The solid line is corresponding to original, and the dash
line is halftoning, (d),(e) and (f) are the compare of PDF for 2-scale, (g),(h) and (i) are the compare of PDF for
3-scale, then (j), (k) and (1) are the filtering result of (a),(b) and (¢) by Wiener filter
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Table 1 Average offset on horizontal & vertical about details of MGM halftones decomposited by K-L & MIPT

transform on 1~3 scale for 30 images

Hor. _I; Ver. _I; Hor. _I, Ver. _I, Hor. _I; Ver. _I;
Offset d' (m,n) 3.7062 0. 0098 10. 3051 0. 1402 7.7022 0. 2519
Offset d? (m,n) 0. 4060 0.0052 2.1050 0.0542 1. 4040 0.1517
Offset d* (m,n) 0.1020 0. 0025 0.4020 0.0183 0.1030 0.0732
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Table 2 Average offset on horizontal & vertical about d' (m,n) which is filtering by Wiener filter for 30 images

Hor. _I; Ver. _I; Hor. _I, Ver. _I, Hor. _I; Ver. _I;
Offset d% (m,n) 2.4050 0.0204 4.1030 0.1109 3.0010 0. 2081
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Fig. 7 The block diagram of the color inverse halftoning based on K-L and MIPT transform
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Fig.8 (a) is MGM color halftone, (b) and (c) are color inverse halftoning for Wavelet and K-L. & MIPT method
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Table 3 Performance comparison of inverse halftoning algorithms on terms of PSNR and color difference of CIELab

Quality assessment parameters PSNR /dB AE
Inverse halftoning method Wavelet[ 4] K-L & MIPT Wavelet[ 4] K-L & MIPT
Peppers 26.1946 28. 8915 9.3730 8.6358
Lena 27.0703 29.5687 7.1373 6.9384
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