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Exkurs 1: Radon-Transformation



Radon-Transformation

Radon-Transformation

Einleitung

CT- oder MRT-Aufnahmen, wie sie in der medizinischen Bildverarbeitung Verwendung
finden, stellen nicht direkte Messungen von Sensoren dar, sondern mussen erst aus

den Messdaten berechnet werden.
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Radon-Transformation

Radon-Transformation

Einleitung

CT- oder MRT-Aufnahmen, wie sie in der medizinischen Bildverarbeitung Verwendung
finden, stellen nicht direkte Messungen von Sensoren dar, sondern mussen erst aus

den Messdaten berechnet werden.

Jeder Punkt in einem kassischen Rontgenbild
stellt das Ergebnis einer Integration entlang des
jeweiligen ,Sehstrahls® dar (Transmissionsmessung).
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Radon-Transformation

Klassisches Rontgenbild (Projektionsradiographie):
-Modulierte Verteilung der durch Gewebe transmittierten Rontgenquanten
-2D-Projektionen der Schwachungseigenschaften des Gewebes

-Uberlagerungsbild:
- alle durchstrahlten Volumenelemente
tragen zur Schwachung bei

- Strukturen mit starker Absorption
(z.B. Knochen) gut erkennbar.
Weichteilgewebe kaum darstellbar.
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Radon-Transformation

Radon-Transformation

|dee: Erstelle Projektionsbilder aus verschiedenen Richtungen und
berechne hieraus das gewunschte Schichtbild.

Transmitted Intensity

Detector #
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Radon-Transformation

Radon-Transformation

Einfachstes MeRprinzip der CT Mit Radon Vorgabe:
erst Translation
(ergibt Projektion)
U™ . Rotation dann

Rotation (min. 180°)

Réntgenréhre Translation
\

Detektor und
Messelektronik

Kollimator

Intensitatsprofil

Schwachungsprofil = ‘Projektion’

Moderne CT-Scanner:
800-1500 Projektionen o
mit ca. 600-1200 MeRwerten
pro Projektion

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg VIl -7



Radon-Transformation

Radon-Transformation

J. Radon (1917): Die 2D-Verteilung einer Objekteigenschaft kann exakt beschrieben
werden, wenn eine unendliche Anzahl von Linienintegralen vorliegt.
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Radon-Transformation

Radon-Transformation

J. Radon (1917): Die 2D-Verteilung einer Objekteigenschaft kann exakt beschrieben
werden, wenn eine unendliche Anzahl von Linienintegralen vorliegt.
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Radon-Transformation

Radon-Transformation

-Geraden werden als lokale Maxima erkennbar

Radontransformation

theta

0
-60 -40 =20 0 20 40 B0
rho
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Radon-Transformation

Radon-Transformation

-Geraden werden als lokale Maxima erkennbar

-hohe Rauschunempfindlichkeit

Radontransformation

theta

-60 -40 -20 0 20 40 B0
rho
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Radon-Transformation

Radon-Transformation
-Geraden werden als lokale Maxima erkennbar
-hohe Rauschunempfindlichkeit

-Sinusoide Strukturen — ,Sinogramm®

“heta

=60

Radontransformation

-20 0 20 40 &0
rho
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Radon-Transformation

Ellipse

Radon-Transformation

-Geraden werden als lokale Maxima erkennbar
-hohe Rauschunempfindlichkeit

-Sinusoide Strukturen — ,Sinogramm®

Inclined Ellipse

O

Radon Transform

Radon Transform

ol
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Inclined Ellipse

Radon Transform
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Inverse Radon-Transformation

Inverse Radon-Transformation

Rucktransformation mit Hilfe des Fourier-Scheiben-Theorems:

v
F(u,v)
2D-Fourier u
Transtormation
PQ[U]T/
T
- ; \\ =Uu
Transformation ‘
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Inverse Radon-Transformation

Inverse Radon-Transformation

Rucktransformation mit Hilfe des Fourier-Scheiben-Theorems:

1D-Fourier
Transformation
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Inverse Radon-Transformation

Inverse Radon-Transformation
Rucktransformation:

1 view 2 views 10 views

original image FBP image Il

30 views 50 views

projection

backprojection

ramp filter

sinogram filtered sinogram
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Exkurs 2: Blur-Invariance



Blur-Invariance

Blur-Invariance

Wie in der Ubung gezeigt, verandert sich das quadrierte Phasenspektrum eines Signals
nicht, wenn das Signal mit einer rellwertigen geraden Funktion (z.B. Unscharfe oder

Bewegungsunscharfe) gefaltet wird.

Der Grund hierfur liegt darin, dass die Faltung mit einer Filterfunktion im Zeitbereich
einer Multiplikation im Frequenzbereich bedeutet. Die Multiplikation mit einer geraden
reellwertigen Funktion andert jedoch nur die Betrage einer Funktion, aber nicht den
Phasenwinkel (ausser einer eventuellen 180°-Drehung durch negative Werte der
Filterfunktion). Durch Quadrieren des Signals heben sich die 180°-Drehungen auf, so
dass folgt, dass das quadrierte Phasenspektrum nicht durch die Faltung beeinflusst
wird (ausser an Punkten, an denen der Betrag 0 wird und somit die Phaseninformation
verloren geht).
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Figure 1. Top row: images of the first four
letters in the alphabet. Bottom row: mo-
tion blurred, rotated, scaled, translated and
noisy versions of the same images. PSNRs
are from left to right: 50, 40, 30 and 20 dB.
Noise is removed from the background using
thresholding and connectivity analysis.

Classification accuracy [%]

50 40 30 20 10
PSNR [dB]

Figure 2. Classification accuracy of the near-
est neighbor classification of distorted im-
ages of the letters of alphabet.



Figure 3. Top row: four examples of the 90 fish images. Bottom row: circularly blurred, rotated,
scaled, translated and noisy versions of the same images. PSNRs are from left to right: 50, 40, 30
and 20 dB. Noise is removed from the background using thresholding and connectivity analysis.
(200400 images are cropped from the 500500 images that were used.)
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Figure 4. Classification accuracy of the near-
est neighbor classification of distorted im-
ages of 90 fish.



Figure 5. The rows contain one sharp and two blurred and transformed versions of the cards Seven
of Hearts and Seven of Diamonds, respectively. Cards are photographed on a black background.
Background clutter is removed using thresholding and connectivity analysis.
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Teil VIII: Sensoren, Rauschen,
Rauschreduktion

Quellen: P. Stelldinger, H.S. Stiehl: VL Systemtheorie, WiSe 07/08, Univ. Hamburg
H. Neumann, VL Computer Vision |, SoSe 07, Univ. Ulm



Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

p=0.01 p=0.05
Impulse Noise: the effect of probability p

Median filtered image (p =0.1)
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Gaussian Noise: the effect of standard deviation (o)
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

N()ise in Images All images created through optical

projection onto a sensor array are noisy.

Correlated noise

— Due to electrical interference

— Due to source / sensor interference

- Halftone distortion / moiré patterns §

Uncorrelated noise
— Quantum noise in CCD arrays
— Silver halide grains in film photography
— Neuronal noise 1n a retina

— Quantization noise in digital photographs
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Image with Additive Noise

noisy additive noisy additive
image noise image noise
| | l |
¢ ¢ ¢ ¢
J(r, c) = I(r, c) + N(r, c). S(V, u) = S(V, u) + @L(V, u).
I [
undegraded undegraded
image image
spatial domain frequency domain
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Uncorrelated Noise

Gaussian noise pdf (sdev 25) Uniform noise pdf (sdev 74) Salt and Pepper Moise
0.7
0.015 0013
0.6
0.5
0.01 001+ 0.4
0.3
0.005 0.005 ¢ 0.2
m 0-1
0L e 0 0
] &0 100 150 200 260 0 50 100 150 200 250 0 50 100 150 200 250

Each pixel's value has probability of occurrence given by the associated distribution.
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Sensoren, Rauschen, Rauschi Intensity distributions -

The most likely value is 128
with an average difference

of 25 from 128 (std. dev.).

G iCaussiany:

normalized histograms
NCUITCratcu 1NUIDC

Gaussian rvloise p(ff (sdev 25)
0.015
001
0.005
°6 s 100 150 200

250

All values occur with
equal probability.
0.01

0.01}

0.005

0 50 100 150 200 250

)efinition von Rauschen

This is sparse noise:

Only 12.5% of the

=== Pixels contain noise.
= Of those 12.5% ...

s ... black pixels occur
o7t| = 75% of the time and
0.6
0.5

white pixels occur §
25% of the time.

0 S0 100 150 200 250

Each pixel's value has probability of occurrence given by the associated distribution.
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Uncorrelated Color Noise: Gaussian

Gaussian: Luminance pdf Gaussian: Red Band pdf
0.015+ 0.015
0.01 0.01
0.005 0.005
0 0 50 100 150 200 250 0 0 50 100 150 200 250
G‘aussiarT: Green Band p‘df ‘ ‘ ('Baussia'n: Blue 'Band p'."1f
0.015 0.015
0.01 0.01
0.005 0.005
0 0 50 100 150 200 250 0 0 50 100 150 200 250
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Uncorrelated Color Noise: Uniform

Uniform: Luminance pdf Uniform: Red Band pdf
0.015 . 0.015¢
0.01 1 0.01r
0.005 1 0.005¢
[ ]
0 1] 50 100 150 200 250 0 ) 50 100 150 200 250
Uniform; Green Band pdf Uniform; Blue Band pdf
0.015 1 0.015¢+
0.01 1 0.01r
0.005 . 0.005¢
| . ]
0 1] 50 100 150 200 250 0 o 50 100 150 200 250
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Gaussian I[ID Noise Field |IID = no spatial
correlation

Histogram of Noise Image
T T

w=128 |
c= 32

3000 -

2500

2000 +

1500 +

1000

500

0 50 100 150 200 250

lID: Independent, Identically Distributed
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Gaussian IID Noise Field | IID = no spatial
correlation

Histogram of Noise Image
JI500 T T

u=128
6= 32

2500 -

e B

1500 -
>

.. is this number :
divided by the number The probability of
of pixels in the image. any one pixel €>

oo having this value ...™

F 3

1 1 1 1
1] a0 100 150 200 250

lID: Independent, Identically Distributed
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250

200 -

150

100 -

Sensoren, Rauschen, Rauschreduktion

Definition von Rauschen

Power Spectrum & Autocorrelation of IID Noise

MNoise Log Power Spectrum w10° Moise Autocomrelation
T T T

Power Spectrum ... Autocorrelation p=0

sl
25!

The autocorrelation is |

the inverse FT of the

power spectrum. 7
|
05|
0

E “tn | | | 0 - cn
Ps(1)=|5(1)[ 4 (px)=R6[é‘“‘l{ 5‘(1)|2H
; , .
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Power Spectrum & Autocorrelation of IID Noise

MNoise Log Power Spectrum w10° Moise Autocomrelation
T T T

Power Spectrum ... Autocorrelation 0=0|
The autocorrelation of 2
an IID noise image is =
3(p,x)- That implies |
the PS is » constant T
il 05 L L L ' L L L ! L X,
Nall) 0 C/2
- 2 1« 2
PS(1)=|5(1)| 4, (py) = Re[ 5[ (1) H
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Noise-Free Image and Uncorrelated Noise Field

image Gaussian noise field
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Sensoren, Rauschen, Rauschreduktion

Definition von Rauschen

Spectra of Noise-Free Image and Uncorr. Noise Field

Image
spectrum

falls off.

1 1
50 100

image center row log power spectrum

a4

30

28

26}

24

22

20

18-

IID noise
spectrum
is flat.

T

1 1 1 1 1 I I L I I
50 100 150 200 250 300 350 400 450 500

——

noise field center row log power spectrum
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Sum of Noise-Free Image and Uncorrelated Noise Field

Noise energy

exceeds image
energy beyond
o a certain fregq.

i !

34 -

32-

na
=
-—5"—
_-—_‘,__:—
—"
i
T

L 1 1 1 L I
50 100 150 200 250 300 3p0 400 450 500

|f 1,3.‘)| |N1 y| |I('.-',w)|2> |N(1’,?.{)|2 |I1 y| ‘N1 H|

Image + noise field Image + noise field center row log PS
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Power Spectra of Noise-Free Image and Noise Field

original image noise image
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Power Spectra of Sum of Image and Noise Field

original image noisy image
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Power Spectra of Sum of Image and Noise Field

original image blue indicates noise > image
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Power Spectra of Sum of Image and Noise Field

noise image red indicates image > noise
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Power Spectra of Sum of Image and Noise Field

noisy image Image & noise
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise: Another Example

original image noise image Image+noise
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise: Another Example e

image PS noise PS Image+noise PS
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise: Another Example | dsplore

lo g{

e?(I)\zﬂ}

image PS Image+noise PS Image PS > noise PS
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise: Reduce Through Blurring?

At some frequency,
f,, there are more
components where

the noise power is
greater than the
image power.

red indicates image > noise Image PS > noise PS
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise: Reduce Through Blurring?

Thus, it makes
sense to apply a LPF
with cutoff £, (a

blurring filter) to
the images and see
what happens.

red indicates image > noise Image PS > noise PS
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise: Reduction Through Blurring.

The result
is actually
ho better.
There's less
hoise but
the blurring
looks worse.

BHEHGRHEREREERRRRHRER NG REE

PS of Gaussian blurred image Gaussian Blurred Image
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise: Reduction Through Blurring.

"3

The result
is actually
nho better.
There's less
nhoise but
the blurring
looks worse.

PS of Gaussian blurred image Gaussian Blurred Image
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Noise Masking

If the freq. comps.
for which noise-

power > image-
power are known!...

red: image > noise

ower spec. of noisy image . .
P P y 9 blue: image < noise

Stelldinger, Multidimensionale und Multimodale Signa lof course They OlmOST never are. I



Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Noise Masking

.. mask those out
of the FT and

invert the result
to geft..

power spec. of noisy image Image < noise masked out
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Noise Masking

.. this:

noisy image noise-masked mage

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg VIl -52



Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Noise Masking

Although the noise-masked image looks better than the blurred one, 1t 1s still
noisy. Moreover, this example 1s unrealistic because we know the exact noise
power spectrum. In any real case we will at most know its statistics.

blurred noisy image noise-masked mage
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Image Degradation Model

So far, we have considered
only additive noise. Before
going further 1t will be
useful to consider a more
general model of 1mage
degradation, one that
includes convolution with a
pointspread! function, H, as
well as additive noise.

degraded pointspread
image function
¢ ¢

I(r,c)=1(r,c)*H(r,c)+ N(r,c)
I [

undegraded additive
image noise

'H is also referred to as the optical transfer function.
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Pointspread Operators

A pointspread operator 1s a linear model of the distortion acquired during the
imaging process. Since it 1s a linear model, 1t 1s a convolution operator. One
example of this 1s aperture distortion, an unavoidable consequence of making
an 1mage with a camera that has an opening larger than a point.

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg VIII -55



Sensoren, Rauschen, Rauschreduktion

Definition von Rauschen

Pointspread Operators

pinhole camera

image

object focal image
plane plane plane

aperture camera

point

object focal image
plane plane plane

A pinhole camera maps one
object point to one 1mage
point; 1t 1s one-to-one.

An aperture camera maps one
object point to many 1mage
points; it spreads the points.

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Pointspread Operators and Convolution

I(r.c)=1(r,c)*H(rc)

Recall how a convolution works through multiply. shift, and add (See Lect. 7 p. 251f).
That 1s precisely the effect of imaging through an aperture. It results in a blurry image.
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

[ enses

A properly designed lens will focus the light emanating from a point and thereby
reduce the blurring. But no lens can do this perfectly. In fact, the lens adds its
own distortion. The result 1s an optical transfer function, H(7,c), that 1s
convolved with the image.

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg VIII -58



Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Image Degradation Model

degraded pointspread
image function

Jr’c I(r,c)=H(r +Nr
I [
undegraded additive
image noise

Note: The term pointspread operator refers to convolution by the pointspread function.
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Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Image Degradation Model

I(r, c) I(r_, c)x H(r_, c)

N(I",C) I(r.e)=1(r.c)*H(r.c)+N(r.c)

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg VIl -60



Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Image Degradation Model (Frequency Domain)

degraded pointspread
image operator
|

¢ ¢
T W,u)=T(v,u) Hv,u)+N,u)
I I
undegraded additive
image noise
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Image Degradation Model (Frequency Domain)

T(v.u) T(v,u)- Hv.u)

Jv.u)=T(v.u) H(v,u)+ N(v,u).

Images shown are log magnitude.

H(v,u) N(v,u)
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Definition von Rauschen

Image Restoration

Let [ be a perfect image and let K be the
image convolved with a pointspread
function, A. Then 1n the frequency
domain:

Ku.v)= T (. v)H (w.v).

If the process of imaging adds noise then
we getJ=K + N, or 1n freq.:

T, v)=K(uv)+ Nu.v).

We want a filter, IV, to remove as much
of the noise from J as possible:

K(v,u)= W(v,u) T (v,u).

Then an estimate of 7 would be the
mnverse Fourier transform of

F) = Kly) _ W) T (v)
H(u,v) H (,v)

We want to find the filter, W, that results
in the closest possible estimate of 7 — the
W that minimizes the energy of the
difference between the estimate and /.
That 1s we want to find 7 such that

£ = Jﬂ -7 2efJ'm?‘v

1s as small as possible. This 1s called
least mean squared (LMS) minimization.
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Definition von Rauschen

Image Restoration

There are a number of ways to solve for
the minimum squared error. All make
use of the assumption that the image and
the noise are uncorrelated. Depending on
how that fact 1s used. slightly different
solutions are found. The most common
one used 1n 1mage processing has

HIT[ N

Then. with a little bit of algebra, we get

. 2 *
« ]‘ 'y
W - H | _+HN.

“

el
7

For frequencies (u,v) where noise power
1s smaller than the image power ‘W acts

like an inverse filter since

N@.v)/ T(u,v) <1 and

|H|
H|

and at frequencies where the noise
power dominates, N(u.,v)/1(u,v) > 1 and

i)

W (u,v)= — T (u,v)=1(u,v).

W (u,v)= - N(u,v),

7]

the fraction 1s small so the noise power
1s diminished.
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Image Restoration

e =|[|r-1 “dudv This is one of the
L possible derivations
= f{ ]'j‘;{j dudv of the Weiner filter

= [[|H[| K= WK+ N)| dudv
= [[|H["|K(1-W)+WN | dudv

= [[1H | [KOQ=W)+WN [ K0-W)+WN |dudv

= [[|H || KU=W)|" + K- W)WN + WN KL= W)+| WN |’ | v
= [l {‘KI—W\ +2Re[K(1- W)WN J+| WN | [dudy
:: H[ [ (K 1 - W ‘_+“’H/N" ]dz.*dv+2ReH fH‘ - 1—“W)"1V‘}(ﬁd?,fdv
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Image Restoration

From the previous page, the qquared erTor 1S

e = [f]1] [ 7

The second term should be small compared to the first since 1t can be written

2 Reﬂ

and the mmage and the noise are assumed to be uncorrelated. Thus the error can
be approximated by

e =[[|H]* ||

The mean squared error, &, 1s minimized when W 1s given by,

K(1-W)| +| WN| ]dudv+2Re”\H\ (1= W)W KN dudv.

H ‘_1 (1= W)W I N dudv

"KE—‘H/‘ +‘“1VN‘2]dudv.

3

H| T
[H|| T+ N

W=
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Noise Reduction Through LMS Filtering!

image Gaussian noise field

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik,

IHere the PSF is the identity.
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Noise Reduction Through LMS Filtering!

image noisy image

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, | 111are the PSF is the identity
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Additive Noise (Power Spectra)

original image noisy image
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Additive Noise (Power Spectra)

In this example we
knew the exact image
and noise power
spectra and the PSF

was the identity
because the image is
synthetic. In a real
example, none of that
s True.

Wiener filtered image Wiener filter
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Additive Noise (Power Spectra)

Wiener filtered image original image
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Additive Noise

noisy image Wiener filtered image

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg VIl -72



Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

Additive Noise

Wiener filtered image original image
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Noise Reduction Through LMS Filtering!

image noisy image J =I1*h + N

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informat

IPSF. h. is Gaussian =0, 6=2.
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Image™*PSF + Noise (Power Spectra)

original image noisy image J =1*h + N
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Image*PSF + Noise (Power Spectra)

In this example we
knew the exact image
and noise power
spectra and the PSF

was Gaussian w/ p=0,
0=2. Inareal example,
none of that is frue.

S

Wiener filtered image Wiener filter
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Image*PSF + Noise (Power Spectra)

Wiener filtered image original image
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Image™*PSF + Noise

noisy image J =I*h + N Wiener filtered image
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Image™*PSF + Noise

Wiener filtered image original image
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LMS Image Restoration (Real Example)

For this real example we
need to estimate the
image power spectrum, the
pointspread function and

' the noise power spectrum.

Stelldinger, Multidimensionale und Multimodale Signale (MMS), Dept. Informatik, Universitat Hamburg VIl -80



Sensoren, Rauschen, Rauschreduktion Definition von Rauschen

LMS Image Restoration (Real Example)

To estimate the noise
power spectrum,
analyze a constant
area from the image.
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Noise Estimation

Find the std. o = 5.0981
deviations of o, = 4.0672
each band: cp = 6.9212
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Pointspread Function Estimation

(0.0625 0.1250 0.0625
h=[0.1250 02500 0.1250
0.0625 0.1250 0.0625

To estimate the PSF,
find the image of a point
and construct a convo-
lution mask from it.
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H|

W
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LMS Image Restoration (original)
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LMS Image Restoration (filtered)
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Original

Blur

Restauration Restauration
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Periodic Noise

vvtw..

B‘

'K

original image Image + noise
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Noise Reduction through Directional Blurring

diagonal
convolution
mask

Image + noise blurred image
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Power Spectrum of Image with Periodic Noise

original image Image + noise
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Low Frequency Reglon

original image Image + noise
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Noise Reduction through Notch Filtering

noise mask masked power spectrum
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Inverse of Masked Fourier Transform

9'I1|’

b

»
vavavava

original image noise reduced image
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Halftone Dots

Image scanned (600 dpi) Detail: Circular patterns, the rosettes,
from a magazine are the result of the halftone dots.
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Filtering Out Halftone Dot Distortion

original log power spectrum
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Notch Filtering

log power spectrum frequency masked 3
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Alias-Effekte und Moiré

Eine eng mit dem Rauschen verwandte Bildstorung sind Alias-Effekte., die sich oft
in Form von Moiré-Mustern zeigen. Sie treten vor allem auf, wenn das
signaltheoretische Abtasttheorem verletzt ist, d.h. wenn Signale mit einer nicht
ausreichenden Abtastfrequenz abgetastet werden.

.
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Bei zu starker
Unterabtastung geht der
Alias-Effekt uber in ein
ortlich unkorreliertes
Rausch-Signal

‘ A i

=

-
y
|
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Eine signaltheoretisch
korrekte Bandbegrenzung
kann zu deutlich sichbarer
Unscharfe fuhren.
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Gerade bei der Aufnahme von Mauerwerk aus der Entfernung treten oft starke Moiré-
Muster auf.

Auch der Treppen-Effekt an schragen Linien ist ein Alias-Effekt.

Durch zueinander versetzte Farbsensoren konnen auch Farb-Alias-Effekte auftreten.
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