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Image enhancement in the frequency domain (by modifying Fourier coefficients)

Goal : I
.

Remove high-frequency
( low - pass

filter ) for  image devising .

noise

2
.

Remove ngntsC high - pass filter ) for the extraction

of  image details
.

nm - edge

If an image I takes indices between 0 to N ,
then :
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If an image I takes indices between
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Procedures for  image processing by modifying Fourier coefficients

Given an image I =L Iijtnei . j

see,
Compute DFT of I ( Denote I = DFTCII )

Then : obtain  a new DFT matrix
,

I new

, by :

a
×

In "

= H ① I ( Here
HOICu.vi-HMNIIcu.us

)
T

pixel - wise

H is a suitable fitter .
multiplication

Finally
,

obtain an improved image by inverse DFT :

Ihew .

- iFT(I new )
inverse DFT



Note : Let h = i DFTCHI
-

I
new

inverse DFT

11

a

H ① I
inverse DFT

, C h * I

T
normalizing

/ /

constant
- I -1

new

IIcxiskhxicx, y)=Ca!÷÷±hlx - h
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If h ( 5,5 ) is non - zero  only when 5=0 and I to
, then the above summation

has only a few non - zen terms ( i.e
.

terms for k close to x and l close to y )

If met
, every Ilk

,
l ) can affect Inewcxiy ) .



Example of Low-pass filters for image denoisingRecap :

Assume that we work on the centered spectrum !

Thatis
,

Consider Ecu
,

v ) where - there E Mz - I
,

-
N⇐WE Nk - I

.

Ideal low pass filter ( ILPF ) :
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if Dcu ,
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-
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if Dcu ,
v1 > Do
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In I - dim cross - section
,

F
"

( Heun ) looks like :

h*ICx,y )

=

Ima⇐ hcx - un - v )
Icymi

every pixel values of

I has an effect  on

hx It x. y ) ! !



Good : Simple
Bad : Produce ringing effect !

2 . Butterworth low - pass fitter ( BLPF ) of  order n ( n ? 1 integer ) :

HCU ,v ) =
1-

1 + ( Dcuvypojn

in 1- dim
f-

 '

( Hmm ) in 1 - dim" " "

Il
,

Good : Produce less / no visible ringing effect  if n is

Carefully chosen ! !



3
.

Gaussian low - pass filter

t.mn?iIetaIEIEI.fh#.
F. T

.

of Gaussian is also Gaussian ! !

Good : No visible ringing effect ! !



Examples for high-pass filtering for feature extraction
1

.
Ideal high - pass filter : ( IHPF )

Hcu ,u ) = { Y
if Dluiv )£Do2

if DCU ,v ) > Do2

Bad : Produce  ringing

z .
Butterworth high - pass filter :

H ( au ) =
1- ( Hcuirl =  o  if Dlu ,v ) =  o )

1 + HE,)nechoose the  right n

Good : Less ringing

3
.

Gaussian high - pass filter

Hu ,v)= e . e

- PYE)
Good -

. No visible ringing !



Image deblurring

Motion Blur

Atmospheric turbulence

Speeding problem



Image deblurring in the frequency domain:

Mathematical formulation of image blurring

not  a  matrix
,

← ( just  a transformation)
D

f → g

Let g be the observed ( blurry ) image .

clean
,

blurry image

Let f be the  original ( good ) image . original
of f

Model g as = g =

Dlf
) + n

image

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

Assumption on D. i

.

D is position invariant :

Let gcx , y ) =D(f) ix.  47 and let fix , y ) :-. fix -2
, y - p )

.

Then : D (F) ex. y , = gcx - a
, Y - p ) =

Dff
) ( X - L , Y - P )

2
.

Linear :

Dcf
,  tf . )

=D
l f , ) t D Hz )

D.
Idf ) = a

Dlf
) where L is  a scalar  multiplication .



Claim with the above assumption ,
we can Show

that  = ( assume indices taken between - Nz tony )

Dcf ) = f * h where

h=Dl8 ) 8cx.gi.gl
if ix. Heon ,

o otherwih
w

NXN matrix

( Next time )


