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Abstract

This paper proposes an extended conjugate polar Fourier transform (ECPFT), to design iterated radial filter
bank (RFB) and directional filter bank (DFB) convenient for accurate multiscale and multidirectional
decomposition in discretization over a convolution network. With conjugated symmetric form, ECPFT would
convert complex directional wavelets in original spatial domain to real ones in the inverse Fourier domain of
ECPFT. Furthermore, it can contribute to changing the design of nonseparable RFB and DFB to decomposition
in scales and directions with 1-D filter bank in each dimension separably in the ECPFT domain. The generated
properties of conjugate symmetry and periodicity of 2π in both angular and radial dimensions, also guarantee
convolution and sampling operations in both dimensions within the inverse Fourier domain of ECPFT. The fast
algorithm for discretization is developed to reduce complexity.

ECPFT

Experiments

• Fast approximation

Since the input signal is divided into two parts 𝑥1 and 𝑥2, 𝑥1 is first
recovered from decomposition coefficients and then combined with
𝑥2 to obtain the reconstructed signal. In discrete case, different
orders have different effects.

Fig. 5. Reconstruction. Leftmost: the original image; Middle left:
reconstructed by removing 𝑋2[𝑚1, 𝑚2]; Middle right and rightmost
are reconstructed images with two coordinate conversion schemes in
Fig. 2 (a) and (b), respectively.

Table 1. Energy ratio and Running time of calculating ሷ𝑋1[𝑛1, 𝑛2] from
both direct formula and fast approximation.

• Nonlinear Approximation

Table 2. PSNR of reconstructed images with different transforms

For the 12 test images, we select 3% most significant coefficients in
each transform domain, and then compare the reconstructed images
from these sets of coefficients.

Fig. 1. The four sub-figures from left to right are: conventional polar Fourier transform (PFT) domain, Fourier
transform (FT) domain, conjugated polar Fourier transform (CPFT) domain and extended conjugate polar
Fourier transform (ECPFT) domain.

RFB & DFB

Fig. 3. Support configurations for the filters in the RFB and DFB. The top line is the frequency view of new
polar coordinate and the bottom line corresponds to the frequency domain of the original coordinate.
The first and second columns are the support configurations of radial filter pair 𝑃0 𝛽 , 𝑃1(𝛽); The third
and fourth columns are the support configurations of directional filter pair 𝐻0 𝛽 ,𝐻1(𝛽).

Fast Approximation Algorithm

Fig. 2. Two analysis and synthesis diagrams of ECPFT. Top line is the direct discrete implementation of 
coordinate conversion. Bottom line is the scheme guarateeing perfect reconstrction.

Iterated Convolutional Network

Fig. 4. An example of a full convolution network with RFBs and DFBs of depth (𝑙1, 𝑙2) = (2,2).

RFB and DFB are two types of filter banks as the foundation of the underlying convolution network. The
support configurations for decomposition filter pairs are shown in Fig. 3, with their sampling matrix
given in (11). RFB corresponds to multiscale decomposition and DFB the multidirection decomposition.
Though described in 2-D form, it is in practice implemented by 1-D convolution and sampling along each
dimension, respectively. For a better understanding, we take an example of a 2-level network in Fig. 5.


