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2D Fourier-Transformation

Fouriertransformierte

Basisbilder der Fouriertransformation Tiefpassfilter



Nyquisttheorem

A 1050 Hz signal sampled at 500 Hz
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Aliasing

Original Rendered Original Rendered

Jagged profiles Loss of detail

Mathematiker: Doppelte Frequenzantwort
Nachrichtentechniker: Abtasten unterhalb der Nyquist-Rate

Programmierer: Treppen



Anti-Aliasing

Auflosung des Grauschattierungen
Pixelrasters erhohen




Area Sampling

lmriss der Linie

... 0% Abdeckung 100%
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Figure A: unit width line Figure B: y=f(x) approximation Figure C: Pixel Color by Coverage



Weighted Area Sampling

Line

4x4 subsampled
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~ weighting
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Pixel intensity:
16 * 6 =96

Accumulate intensities
where subsample centers
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Gupta-Sproull-Algorithmus
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Abstand Uberdeckung Stufe
0.7..1.0 0-1/8 0 (schwarz)
0.6 ...0.7 1/8-2/8 1
0.54 ... 0.6 2/8-3/8 2
0.5..0.54 3/8-4/8 3
0.46 ... 0.5 4/8-5/8 4
0.4..0.46 5/8-6/8 5
03..04 6/8-7/8 6
0..03 7/8-1 7 (weil)






Dithering

Reduziert Quantisierungsfehler




Constant Threshold Dithering

sample image threshold values  result
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Floyd-Steinberg-Dither

column

for (x =0; x < width; x++) {
o 7 o i for (y =0; y < height; y++) {
BV 1,5 " R P(x,y) = trunc(I(x,y) + 0.5)
X e = I(x,y) - P(X.y)
[(X,y+1) += o ¥¢;
[(x+1,y-1) += B*e;
[(x+1,y) += Y*e;
[(x+1,y+1) += 0 *e;
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Audio

Uoice 5_Session_2.AIF HE

]
|

4 .||'| ]

LR LT Y L

1 ) I
: oo a1 :00 0200
100

L

W

ity ¥

—_— e e e == = = — - - - - - - - _—_ - = —_——— e e — — — = U TR S J e [

AN R LR i A AR AW R R

P T R AT

T —_—
0130542

e — _— =

5 - - e - —— -

Max: - 2.5 44.1kHz 16-bit Mano raw AIFF [ 12.48ME] i 4




A R

Fourieranalyse Wk
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Nyquisttheorem

A 1050 Hz signal sampled at 500 Hz
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AMPLITUDE(dB)
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Anti-Aliasfilter
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NORMALIZED FREGUENCY

Tiefpassfilter

e vernachlassigbares Uberschwingen
(Ringing)

® geringer Phasengang im
Durchlal3bereich

® geringste Gruppenlaufzeit-Verzerrungen
® niedriger Klirrfaktor

® hohe Sperrdampfung

® hohe Steilheit oberhalb fmax

® Figenstorspannung noch unterhalb des
Rauschens des digitalen Systems selbst



Frequenz

Figure 1 - 980Hz sinewwave, -60dB, 24 bits, 44 1kHz
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Figure 22 - frequency spectrum for S80Hz sine wave, -B0dB, 24 hits, 44 1kHz
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Downsampling

Figure 4 - 8930Hz sine wave, -60dB, 16 bits, 44 1kHz
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Figure 3 - fregquency spectrum for 9830Hz sine wave, -60dB, 16 hits, 44 1kHz



Dithering

Figure B - 980Hz sine wave, -60dB8, 16 hits, 44.1kHz, dithered
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Figure & - frequency spectrum for 980HE sine wave, -60dB, 16 hits, 44.1kHz, with dithering
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Noise Shaping
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Noise Shapin
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Intensity level dB

Psychophysische
Modelle
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Die Grenze zwischen
Analog und Digital wird
von Menschen fur
Menschen gezogen.




