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C++ code 4.2.5.6: Two-dimensional discrete Fourier transform = GITLAB

template.<typename Scalar>
void' fft2 (Eigen :: MatrixXcd &C, const Eigen:: MatrixBase<Scalar> &Y) {
using idx_t Eigen::MatrixXcd:: Index;
const idx_t m = Y.rows() ,n=Y.cols () ;
C.resize (m,n) ;
Eigen:: MatrixXcd tmp(m,n) ;

0 O N OO 0 s W N

Eigen::FFT<double> fft; // Helper class for DFT
// Transform rows of matrix Y
for (idx_t k=0;k<am;k++) {

Eigen::VectorXcd tv(Y.row(k));

tmp.row(k) = fft.fwd(tv).transpose();

71=0j2=0

#1t2(C,Y.conjugate ()); C = C.conjugate () /(mxn);

m—1 14 }
1k T\T
Ok, = F.(Y); .), wi B C =F,(F,Y")" =F,YF 4254)
( )kl’kz Z—:O( n )]1")k2 " m(EnY ") e ( ) 16 // Transform columns of temporary matrix
h= w7 | for (idx_t k=0;k<n;k++) {
18 Eigen::VectorXcd tv(imp.col(k));
19 C.col(k) = fft.fwd(tv);
20 1
Lemma 4.2.1.14. Properties of Fourier matrix = |
The scaled Fourier-matrix ﬁFn is unitary (— Def 6.2.1.2) : F,! = 1fll = 1F,
C++ code 4.2.5.7: Inverse two-dimensional discrete Fourier transform => GITLAB
2 |template <typename Scalar>
1 n—1 s [void ifft2 (Eigen:: MatrixXcd &C, const Eigen::MatrixBase<Scalar> &Y) ({
B T e 1 _ 1% ~ 4 using idx_t = Eigen::MatrixXcd:: Index;
C= Z Z Yivi (F"'T)I,j'l(F"):,jz = Y=F, CF, = WFN!CFN (4.2.5.5) 5 const idx_t m = Y.rows() ,n=Y.cols () ;
6
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"elgenvalue" see Eq. (4.2.5.3) ﬁ dan G/’i/\y J/ @ m p (X)

“eigenvector’

X, Y eCm".

1D reoulf .

Theorem 4.2.2.2. Convolution theorem

The discrete periodic convolution *, between n-dimensional vectors u and x is equal to the inverse
DFT of the component-wise product between the DFTs of u and u; i.e.:

() *, ( (4.2.2.3)

"o n—1
!E Hk—j ]l = F,  [(Fyu) {F,x);] ;—1:1

k=0

Theorem 4.2.5.14. 2D convolution theorem

Forany X, Y € C"", we have
X #mu Y = DF T3 DFT s XPOOF T (Y))

where - stands for the entrywise multiplication of matrices of equal size.

C++ code 4.2.5.15: DFT-based 2D discrete periodic convolution = GITLAB

2 |// DFT based implementation of 2D periodic convolution
s |template <typename Scalar1 , typename Scalar2, class EigenMatrix>
4 |void pmconv(const Eigen::MatrixBase <Scalar1> &X,

5 const Eigen::MatrixBase <Scalar2> &Y, EigenMatrix &Z) {
6 using Comp = std :: complex<double>;

7 using idx_t = typename EigenMatrix :: Index ;

8 using val_t = typename EigenMatrix :: Scalar ;

9 const idx_t n = X.cols(), m = X.rows() ;

10 if (m!= Y.rows()) || (n != Y.cols()))

11 throw std ::runtime_error ("pmconv: size mismatch") ;

12 Z.resize(m, n);

13 Eigen:: MatrixXed Xh(m, n), Yh(m, n);

14 // Step @: 2D DFT of Y
15 fft2 (Yh, (Y.template cast<Comp>()));
16 // Step @®: 2D DFT of X

17 fft2 (Xh, (X.template cast<Comp>()));

18 // Steps O, O. inverse DFT of component-wise product
w | ifft2(Z, X#.cwiseProduct(Yh)):

20 |}
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Theorem 4.2.5.14. 2D convolution theorem

Forany X, Y € C"" we have
X *m,n Y = DFT;,,I,;(DFTm,n(X) ®© DFTm,n(Y)) ’

where () stands for the entrywise multiplication of matrices of equal size.
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C++11-code 4.2.5.22: DFT based deblurring = GITLAB

MatrixXd Spad =
/S Zero [‘a:]_j_‘_ﬂ"], See (42520)
Spad.block(0, 0, L + 1,

2z |MatrixXd deblur(const MatrixXd &C, const MatrixXd &S, const double tol = 1e—3) {

3 const long m = C.rows(), n = C.cols(), M= S.rows(), N = S.cols();

4 const long L= M— 1) [/ 2;

s | it (M 1= N) {

6 throw std::runtime_error ("Error: S not quadratic!"):

7

)
8 MatrixXd:: Zero(m, n);
9
L+ 1) =S.block(L, L, L+ 1, L + 1); 7

\&g Spad.block(m — L, n— L, L, L) = S.block(0, 0, L, L): } b()([ﬂ( Séf
2 | Spad.block(0, n— L, L + 1, L) = S.block(L, 0, L + 1,
13 Spad block(m— L, 0, L, L + 1) = S.block(0, L, L, L +
14 Inverse of blurring operator (fft2 expects a mplex matrix)

MatrixXcd SF =

f',." Test f-—\—
/ L

fft2 (Spad.cast<complex >()) ;
invertibility

if (SF. CW|seAbs() minCoeff() < tol * SF.cwiseAbs() . maxCoeff()) {
std::cerr << "Error: Deblurring impossible!\n";

)

r‘"v { FT -C&SEJ apc-A-LALL 20 J

return mz.m:z (C. cast<oomplex>())‘cwlseouotlent (SF)) . real () ;
)
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