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* Allgemeine Grundlagen der Fourier Analyse
* Beispiel aus der Bildverarbeitung
 FFTW (Fastest Fourier Transform in the West)

- Cooley-Tukey Algorithmus
* Frequenzanalyse mit Root (TVirtualFFT)

1 Niklas J. Holzwarth



Allgemeine Grundlagen

Kontinuierliche FT

flt)= JOOF(a))eZ"“"tda); F(w) = Joof(t)e'z’”“’tdt

Technische Umsetzung: diskrete Fourier Transformation (FFT)

Faltung

(m® g)(x) = j m(£)g(x — O)dt

Faltungstheorem: F[feg] = F[f] * F[g]
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Beweis des Faltungstheorems
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Beispiel aus der Bildverarbeitung*®

* Inverses Problem: g =PSF @ f

* g: Messwert

f: gesuchter Parameter

®: Faltung
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4 Bild links: Wiki Niklas J. Holzwarth *Vorlesung: Inverse Probleme (Hesser)

PSF: Punktbildverwaschungsfunktion (point spread function)

Screen

"Airy" diffraction
pattern
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Beispiel aus der Bildverarbeitung*®

* |Inverses Problem: g=PSFef
* g: Messwert
* PSF: Punktbildverwaschungsfunktion (point spread function)
* f: gesuchter Parameter
* ®: Faltung
* Fourier Raum (®— *): G=0OTF - F
e OFT: Optische Ubertragungsfunktion

G(w)

= F(w)

OTF(w)+s?

Original ~ 0.0000001 0.000001 0.00001 0.16
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Beispiel aus der Bildverarbeitung*®
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W FFTW

 freie C Bibliothek zur schnellen Berechnung der DFT
* “fastest Fourier Transform in the West”

* Komplexitat: O(N log(N)) vs. O(N?) (DFT)

* FFTW verwendet nicht EINEN einzigen Algorithmus

* Schritt 0: “planner” (ermittelt optimale Datenstruktur flr FFT)
* Schritt 1: FFT
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Beispiel FFT: Cooley-Tukey Algorithmus

procedure FFT(A)

Input: An array of complex values which has a size of
2™ for m > 0.

Output: An array of complex values which is the DFT
of the input

N := Allength
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Frequenzanalyse mit Root
(TVirtualFFT)



TVirtualFFT

oFFT()

TVirtualFFT * TVirtualFFT:FFT ( Int_t ndim,
Int_t* n,
Option_t * option

)

Returns a pointer to the FFT of requested size and type.

Parameters
[in] ndim number of transform dimensions
[in]n sizes of each dimension (an array at least ndim long)
[in] option consists of 3 parts - flag option and an option to create a new TVirtualFFT

1. transform type option: Available transform types are: C2CForward, C2CBackward, C2R, R2C, R2HC, HC2R, DHT see class description for details
2. flag option: choosing how much time should be spent in planning the transform: Possible options:

o "ES"(from "estimate") - no time in preparing the transform, but probably sub-optimal performance
o "M" (from "measure") - some time spend in finding the optimal way to do the transform

o "P"(from "patient") - more time spend in finding the optimal way to do the transform
o

"EX" (from "exhaustive") - the most optimal way is found This option should be chosen depending on how many transforms of the same size and type are going to be done. Planning is only
done once, for the first transform of this size and type.

3. option allowing to choose between the global fgFFT and a new TVirtualFFT object ™ - default, changes and returns the global fgFFT variable "K" (from "keep")- without touching the global fgFFT,
creates and returns a new TVirtualFFT*. User is then responsible for deleting it.

Examples of valid options: "R2C ESK", "C2CF M", "DHT P K", etc.

Definition at line 132 of file TVirtual FFT.cxx.
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Frequenzanalyse mit Root (TVirtualFFT)
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#include "TVirtualFFT.h"

Frequenzfunktion anlegen und diskretisieren (Histogramm)
mag_hist->FFT(mag_hist, "MAG"); // “MAG”, “PH”
TVirtualFFT *fft = TVirtualFFT::GetCurrentTransform();
fft->GetPointsComplex(re_full,im_full);

TVirtualFFT *fft_back = TVirtualFFT::FFT(1, &n, "C2R M K");
fft_back->SetPointsComplex(re_full,im_full);
fft_back->SetPoint(freq, re_filter, im_filter);

fft_back->Transform(); — Histogramm oder Graph
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