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Abstract A major drawback of the original contourlet transform is frequency aliasing, i.e. , its basis images are not
localized in the frequency domain. We analyze the cause of this problem from the aspect of Laplace pyramidal (LP)
transform to make sure that the aliasing is caused by the reason that the two lowpass filters of LP transform do not
satisfy with Nyquist-Shannon sampling theorem and its stopband frequency is more than /2. Based on this reason,
we design a new low-pass filter with stopband frequency smaller than =/2 and propose an anti-aliasing contourlet
transform. The anti-aliasing contourlet is superior to contourlet transform in the respects of the regularity and
localization of basis function, and depresses the frequency aliasing efficiently. Numerical experiments on peppers
image denoising show that the proposed anti-aliasing contourlet transform can significantly outperform the original
transform both in terms of peak signal-noise-ratio(PSNR) by 2.3 dB with noise root-mean-square of 30 and in visual
quality. It also depresses the scratch phenomenon after anti-aliasing contourlet transform denosing.

Key words digital image processing; frequency anti-aliasing; anti-aliasing contourlet transform; poly-phase
representation
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Fig. 1 Four-channel contourlet transform. (a) dual-iterated contourlet transform; (b) five-channel equivalent filter banks
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Fig. 2 Frequency spectrum of equivalent directional filter.
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Fig. 5 Block diagram of decomposition and reconstruction of anti-aliasing contourlet transform
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Fig. 6 Basis images of contourlet and anti-aliasing contourlet(from left to right: with increasing scale).
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Fig. 7 Frequency spectrum of equivalent directional filter of anti-aliasing contourlet. (a) four-band; (b) eight-band
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Fig. 8 “Zoom in”part of denoised Barbara image with different transforms (¢ = 40) . (a) original image; (b) noisy;

(¢) 9/7 wavelet denosied; (d) contourlet denosied; (e) anti-aliasing contourlet denoised
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