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Example of Low-pass filters for image denoising
Assume that we work on the centered spectrum !

Thatis
,
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,
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Ideal low pass filter ( ILPF ) :
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Good : Simple
Bad : Produce ringing effect !

2 . Butterworth low - pass filter ( BLPF ) of  order n ( n Z I integer ) :
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Good : Produce less / no visible ringing effect  if n is

Carefully chosen ! !
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Gaussian low - pass filter
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of Gaussian is also Gaussian ! !

Good : No visible ringing effect ! !



Examples for high-pass filtering for feature extraction

I
.

Ideal high - pass filter : ( IHPF )
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Bad : Produce  ringing

z .
Butterworth high - pass filter :
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Good : Less ringing
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Gaussian high - pass filter

Hca ,
us = I . e

- MITT)
Good -

. No visible ringing !



Image deblurring

Motion Blur

Atmospheric turbulence

Speeding problem



Image deblurring in the frequency domain:

Mathematical formulation of image blurring

Let g be the observed ( blurry ) image .

Let f be the  original ( good ) image .

Model g as = g = Hlf ) + n

where H is the  degradation function / operator  and n  is the additive noise
.

Assumption on H :

.

H is position invariant :

Let gcx , y ) = Hl f) ( x.  Y ) and let § ( x. y ) := fix -2
, y - p )

.

Then : HC F) ( x. y ) = g. ( x . a
, y - p )
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Linear : Hlf ,  + f.) = Hl f.) + Hlfz )

H ( Lf ) = LH ( f ) where L is  a scalar  multiplication .

3. Linearity can be  extended to integral :

HHSLCU ,v ) f ( x . u ,y - vldudv ) = )fx( a ,v ) HH ) ( × - U
, y - v ) dudv



With the  above assumption ,
Consider an  impluse signal :

S( x. y ) = { to
if ( x. g) = ( o ,y

if  ( × , y ) 1=10,0 )

Then : fix , y ) =f* Six , Y ) =
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, g ( × , y ) = H (f) ( x. y )
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.
With the above assumption ,

Degradation / Blur  = Convolution



Remark:
I

.
h is called the point spread function.
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In the frequency domain
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. De blurring can be done by :

Compute : Flu
,

v , = Gc - from  observed image

CHLuis - from  -known degradation
s

Obtain : f ix. y ) = DFT
- ' ( Flu .us )

( Does NOT work very well due to noise ! )



Original Blurred image Direct inverse filtering


