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Fourier Transformation

 Ermoglicht die Transformation zwischen Domanen einer kontinuierlichen

Funktion f(x)
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Discrete Fourier Transformation

Umgang mit diskreten Werten

e Ansatz fur die Transformation von diskreten Daten
N-1

_ —27%n
X = 2 x,e N
n=0

. Komplexitat O(n?)



Discrete Fourier Transform

Implementation

void dft(double *xinput, complex<double> xoutput, int size) { Original Function
for (int k=0; k< size; k++) {
outputlk] = 0.0;
for (int n=0; n < (size-1); n++) {
double angle = -2.0 x p1 * k * n /size;
output[k] += input[n] * complex<double>(cos(angle), sin(angle));

} -1. - -0.5 0 0.5

Discrete Fourier Transform

Darstellung 1. Implementation einer DFFT

Simples Beispiel;

flx) = [10 - cos(2r(5x)) + 5 - cos(27z(2()x))] o A
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Darstellung 2. DFFT



Fast Fourier Transformation

* Algorithmus nach James Cooley und John W. Tukey:
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Fast Fourier Transformation

Implementation

void fft(complex<double> *input, complex<double> *xoutput, int size, 1int step) Original Function
if (size == 1) {
output[9] = input[@];
return;

¥

int halfSize = size / 2;
fft(input, output, halfSize, 2 *x step);
fft(input + step, output + halfSize, halfSize, 2 *x step);

for (int i = 0: i < halfSize: i++) {
complex<double> even = outputl[i];
complex<double> odd = output[i + halfSizel];
compiiex<dotbilies>t Rt = ollian (02 Rl b DAl T/ ShiZe) K O o

output[i] = even + t;
output[i + halfSizel] = even - t;

¥

void fft(complex<double> *input, complex<double> *xoutput, int size) {
fft(input, output, size, 1);

g
Darstellung 3. Implementation FFT Darstellung 4. FFT



FFT’s in ROOT

Verfugbare Klassen

 TFFTRealComplex, TFFTReal, TFFTComplex, TFFTComplexReal
 Simples Interface fur FFTW (Fastest Fourier Transform in the West)
o /.B. nur fur reellwertige Eingabe- und komplexwertige Ausgabewerte
o TVirtualFFT
* \Verschiedenen FFT implementationen (Default: FFTW)

 Erbt von allen FFT implementation in ROOT



« "ES" (from "estimate") - no time in preparing the transform, but probably sub-optimal performance

« "M" (from "measure") - some time spend in finding the optimal way to do the transform
ea O m p ex « "P" (from "patient") - more time spend in finding the optimal way to do the transform

« "EX" (from "exhaustive") - the most optimal way is found

Darstellung 5. Init flags

« TFFTRealComplex (Size);
o fftinstance.lnit(someFlags); fftinstance.SetPoint(data);

o fftiInstance.SetPoints(data); fftinstance.SetPointComplex(data);

e fftinstance.Transform()

o fftiInstance.GetPoints();

\ fftinstance.GetPoint( );



TVirtuaIFFT SetDefaultFFT();

Workflow Darstellung 6. Library wechselr

* TVirtualFFT * = C2CFORWARD
TVirtualFFT::FFT(dim, size, ); C2CBACKWARD

 fftinstance ->SetPoints(data); (R;gg

o fftinstance ->Transform(); 5(2323

o fftinstance ->GetPoints(); £l

Darstellung 7. Verfugbare
Transformationen



Anwendundg
Audio

Audio Signal
Fourier Transformation

-0.6
—1 1| | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
0 2 4 6 8 10 12 14 16 18 20 22 10000 15000 20000 25000

Darstellung 8. Input Signal Darsteliung 9. Transformiertes Signal




2-dim FFT

Beispiel: MRT

Bildgebung in der
Magnetresonanz-
tomographie.
Transformation vom
k-Raum in den
Bildraum.

h !

Darstellung 10. Bildgebung im MRT (Paschal, Morris 2004)
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