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An Integer Wavelets Transform with Multiplierless
Operation and Its Line-Based Lifting Scheme
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Abstract This paper does further research for the lifted Donoho wavelets. Through the computing of regularity and the
wavelets sampling approximation theory, we explain it has better approximation capability when N = N =4 (denoted as
SWEI13/7), and it precedes D9/7 wavelets in sampling approximation. The lifting coefficients of SWE13/7 are all simple
fractions, so wavelets transform only with integer shift and adder operations can be obtained in computing process, the
computing complexity is efficiently lower than D9/7, and the result is equivalent to those using floating number in
computing process. The line-based lifting scheme can efficiently decrease the memory usage, and increase the speed at
parallel computing case. This paper has realized the line-based lifting scheme of SWE13/7, it has lower complexity than
D9/7 in evidence. Numerical experiments indicate that the image compression performance of SWE13/7 precedes that of
D9/7 when using EZW coding, and its computing complexity is much less.
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Fig.1 1D_DWT(Forward transform)
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Fig.2 1D_IDWT(Inverse transform)
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Fig.3 2D_DWT(Forward Transform)
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Fig.4 Line-based lifting scheme parallel hardware structure
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Tab.1 D9/7 wavelets, float point transform

HAFZ (bpp)
0.125 0.25 0.5 1.0
PSNR(dB) 30.4066  33.3431  36.4226  39.5816
MSE(dB) 59.2130  30.1141 14.8191  7.1601
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Tab.2 D9/7 wavelets, integer to integer transform

¥ % (bpp)
0.125 0.25 0.5 1.0
PSNR(dB) 30.3265 33.1876  36.0977  38.8580
MSE(dB) 60.3154 31.2119  15.9703  8.4583
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Tab.3 SWE13/7 wavelets, float point transform

472 (bpp)
0.125 0.25 0.5 1.0
PSNR(dB) 30.5641  33.4870 36.4676  39.6855
MSE(dB) 57.1049  29.1329  14.6664  6.9909

B5 0.125bpp T DY/7 FEE A H
Fig.5 D9/7 float point transform in 0. 125bpp
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Tab.4 SWE13/7 wavelets, integer transform
( adder-shift only)

L % (bpp)
0.125 0.25 0.5 1.0
PSNR(dB) 30.5708  33.4848  36.4422  39.5520
MSE( dB) 57.0163  29.1475 14.7522  7.2091

B6 0.125bpp F D9/7 X B BET#H
Fig.6 D9/7 integer to integer transform in 0. 125bpp
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Fig.7 SWE13/7 float point transform in 0. 125bpp
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Fig.8 SWEI13/7 integer transform in 0. 125bpp
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