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ABSTRACT

In this paper, novel two-dimensional nonseparable filter banks using the quincunx sampling lattice are designed
and implemented for 2D wavelet transform. 2D nonseparable wavelet transform possesses more freedom in design,
can provide better frequency characteristics and may have directional properties which are not limited to the
vertical and horizontal directions of separable filters. For the nonseparable sampling, the quincunx lattice that has
the diamond-shaped region in the frequency domain is used. The proposed nonseparable filter banks based on the
quincunx sampling lattice minimize the aliasing energy which causes annoying patterns in encoded images at low
bit-rates as well as satisfy the condition of perfect reconstruction.
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Fig. 1. (a) Downsampler, (b) Example of downsampling,
(¢) Decimator.
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Fig. 2. (a) Upsampler, (b) Example of upsampling,
(c) Interpolator.
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Table 1. Parameters of the proposed method for the
respective structure.

T 3 w3 Ao | WY 4 | AR
(5%5)-(3%3) 6 4 2
(TXT)-(5%5) 10 7 3
(9%9)-(3 %3) 11 7 4

n

23 5. 2241 e w)=m AlAele) aliasing: (a) 7HE- WE,
® ul7HE gel.

Fig. B. Aliasing of 2D filter bank system: (a) Separable
filter, (b) Nonseparable filter.
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Table 2. The proposed (5x5)-(3x3) filter bank.
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Table 3. The proposed (7x7)-(5x5) filter bank.
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E 4 A 0x9)-(3x3) Fxe| W a

Table 4. The proposed (9x9)-(3x3) filter bank.
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>~ (@ 35} ool
) Fig. 7. Wavelet-transformed LENA image: (a) Lowest
(8 subband, (b) Second subband, (c) Third subband,
(d) Highest subband.
E: 3 5,
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,0:0':.:,?: Table 5. Comparison of aliasing energy between
v ::"' 055 separable and nonseparable filter.
7189 - e | Ak E2kE g9E
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Fig, 6. Frequency response of the proposed (5x5)-(3x3)
filter bank system: (a) Low-pass filter, (b)
High-pass filter,
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