
2D Circular Convolution

    
For example,

Convolution in Spatial Domain <=> Multiplication in Frequency Domain

If we elect to compute the spatial convolution using the IDFT of the product of the 
two transforms, then the periodicity issue must be taken into account.
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http://www.ece.uah.edu/~dwpan/course/ee604/code/ch4/fig4_28.m

% Fig. 4.28
% Wraparound error due to periodicity implied by DFT

% Spatial domain convolution
f = zeros(1, 400);
f(1: 300) = 3;
h = zeros(1, 400);
h(1: 200) = 2;
y = conv(f, h);
plot(y);

% DFT domain filtering with wraparound error
F = fft(f);
H = fft(h);
Y = F .* H;
y_err = ifft(Y);
figure; plot(y_err);
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% Zero padding to avoid wraparound error
% P >= A + B - 1 = 400 + 400 - 1 = 799
% Thus append 399 zeros to both f and h
fp = [f, zeros(1, 399)];
hp = [h, zeros(1, 399)];
Fp = fft(fp);
Hp = fft(hp);
Yp = Fp .* Hp;
yp = ifft(Yp);
figure; plot(yp);

http://www.ece.uah.edu/~dwpan/course/ee604/code/ch4/paddedsize.m
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http://www.ece.uah.edu/~dwpan/course/ee604/code/ch4/paddedsize.m

function PQ = paddedsize(AB, CD, PARAM)
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% Fig. 4.32
% Wraparound error due to periodicity implied by DFT
clear all;
close all;
f = imread('Fig0432(a)(square_original).tif');
imshow(f,'initialmagnification','fit');

>> size(f)
ans =
   768   768

>> PQ = paddedsize(size(f))
PQ =
        1536        1536

http://www.ece.uah.edu/~dwpan/course/ee604/code/ch4/dftuv.m
function [U, V] = dftuv(M, N)
%DFTUV Computes meshgrid frequency matrices.
%   [U, V] = DFTUV(M, N) computes meshgrid frequency matrices U and
%   V.  U and V are useful for computing frequency-domain filter
%   functions that can be used with DFTFILT.  U and V are both
%   M-by-N.
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http://www.ece.uah.edu/~dwpan/course/ee604/code/ch4/lpfilter.m

function H = lpfilter(type, M, N, D0, n)
%LPFILTER Computes frequency domain lowpass filters
%   H = LPFILTER(TYPE, M, N, D0, n) creates the transfer function of
%   a lowpass filter, H, of the specified TYPE and size (M-by-N).  To
%   view the filter as an image or mesh plot, it should be centered
%   using H = fftshift(H).

% 'gaussian' Gaussian lowpass filter with cutoff (standard deviation)
%              D0.  n need not be supplied.  D0 must be positive.

% Use function dftuv to set up the meshgrid arrays needed for 
% computing the required distances.
[U, V] = dftuv(M, N);
% Compute the distances D(U, V).
D = sqrt(U.^2 + V.^2);

% Begin fiter computations.
switch type

case 'gaussian'
   H = exp(-(D.^2)./(2*(D0^2)));

% Implementation with DFT not centered
F = fft2(f);
H = lpfilter('gaussian', M, N, sigma);
G = F .* H;
g = real(ifft2(G));
imshow(g, [], 'initialmagnification','fit');
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>> figure; mesh(H)

% With zero padding
PQ = paddedsize(size(f));
Fp = fft2(f, PQ(1), PQ(2));
Hp = lpfilter('gaussian', PQ(1), PQ(2), 2*sigma);
Gp = Hp .* Fp;
gp = real(ifft2(Gp));
gpc = gp(1:size(f,1), 1:size(f,2));
figure; imshow(gp, [], 'initialmagnification','fit');
figure; imshow(gpc, [], 'initialmagnification','fit');
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