
Image enhancement in the frequency domain:
Lecture 8:

Goal: 1
.

Remove thefrequency components (low-pass filter) for image denoising.
noise

2. Remove low-frequency components (high-pass filter) for the extraction
--

of image details.
non-edge

X

Let F be the DFT of an NXN image
F

.

(indices take

from O to N-1

Then : for all 0 < M ,
n < N,

jzπ(km + (n)

Flm ,
n) = #

jπ(km + In

i
. F(k

, 1) is associated to the complex function g(m , n)=

Goal : Remove "jumpy" components by setting Suitable ECk
,
1) to zero.



im = aN +M

M
To remove noise

,
truncate c (let c = 0)



Observation:
Ithe image I takes indices between O to N1

,

then the DFT of I takes indices between o to N
.

We have :
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Properties of Fourier coefficients
X

F

Let Fbea NXimagN-everLet#F
DF F i

X

↑
Fourier coefficients of F at (k

, l)

Observe that : for 0 < K, * -

#( + k, +

1)=T Flmnelmt-nee-

- Flm ,
n)e-(m( - 2) + n(te tee= F( - k

, E - 1)

i . Computing part of # can determine the rest !!

k



Centralisation:

TetF be an image whose indices are taken between -E2 to

Then
,
DFT(F) is a matrix whose indices are also take

between -E to E
.

We have :
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↳ocedures forimageprocessingbymodifyingFortier Coefficie
a

Compute DFT of I (Denote

Then : Obtain a new DFT matrix
,
Enew

, by :

knew = HO (Here HO(u,
v) = H(n,

v)E(n,)
A

pixel-wise
H is a suitable filter. multiplication

Finally, obtain an improved image by inverse DFT :

Inew-IT) Ever
inverse DFT



Note: Let h=FTCH) ES H = DFT(h)
inverse DFT

new(x,y) = Ck*I(X, y)
= && h(X

-2
,y-r)I( e

I

H0 # inverse DFT q->II

= new normalizing
constant



Let H = DFT(h) ·

knew = HOT I
Theview

= :DFT) new

DFTCH * 1) = K

GO
DFT(h * 1) = K I

Ther=Cfex I 2xI = :DFT(K new)
hKl = K iDFT) Tynew)

= DFT)Tuer) = * h *=
Inew = 2 * I

"C



Example of Low-pass filters for image denoising
-

Assume that we work on the centered spectrum !

That is
,

consider E(n
, v) where -* M <M2- ,

-*** = M2 -1.

1 Ideal low pass filter (ILPF)
:

Hcm
,
v = 3 7i <Cuv) :=ac

+

In 1-dim cross-section
,
iDFTCH(2,1) looks like :

ne(x,3
h* I(X , y)

= C[h(X
- 4

, y
- v)I(n,N

↑
every pixel values of

I has an effect on

hx I(X, y) !!



Good : Simple
Bad : Produce ringing effect !

2 . Butterworth low-pass filter (BLPF) of order n (n = 1 integer) :

H(U, V) =

Du,v)/DoT

H(n,v)
in 1-dim

F"(H(n,U) in 1-dim

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

carefully chosen !!



3. Gaussian low-pass filter

H(n , v) = exp -A *8 = Spread of the Gaussian function

F
.

T
.

of Gaussian is also Gaussian ! !

Good : No visible ringing effect !!



Examples for high-pass filtering for feature extraction
Idealhigh-pass filter: (IHPF)

if D(U,
v) < Do

H(U
, V = & % if D(U, V >Do

Bad : Produce ringing

2 .
Butterworth high-pass filter :

Hin, v=D) n- (Kuroif
Des e.

Good : Less ringing

3. Gaussian high-pass filter

H(n,
v) = 1 - e )

Good : No visible ringing !



Image deblurring
-

Atmospheric turbulence
Motion Blur

Speeding problem



Image deblurring in the frequency domain:

Mathematical formulation of image blurring

not a matrix
/( ust a transformati-

C 6
D

f --> g
Tet

g be the observed (blurry) image. clean,
blurry image

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

Model g as = g = D(f) + U
image

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

Assumptionon D.:

1. D is position invariant :

Let g(x , y) = D(f) (x, Y) and let E(X , Y) : = f(X - 2
, y - B).

Then : D(f)(x
, y) = g(x - 2

, y - B) = D(f)(X- ↓ , y - P)

2. Linear : D(f ,
+ f2) = D(f1) + D(fu)

D.

(2f) = 6 D(f) where is a scalar multiplication.



With the above assumption ,
consider an impluse image 8 E M(N+ 1) x (N+ 1) (indices taken between

S(x , 2) = 5 %if <x,y) Ecoo .
-I to I

Let
x

, p
be the translated image of 8 by (d

, p) :

a
,p(X , y)

= 8(X - 2
, y - B) for -I = X

, y = F

Note : f(X , 3) = - * S(X , 3)= F(d, p)8(X- If( ,
p)x

,p(X, y)
2 = -EB= - Ez

for all X
, y IE.

N

: -= FleM(N+ 1) X(N+ 1)

Let g be the blurry image of f. That is
, g = D(f)



g = D(f) =D) f (6
,Soe

D(

: g(X,) = zazEt f D(d)
(linai

e

= f(d
,p)D(6)(X - 2

, y - P) (positiona
invariant)

= f * h(x , y) where h = D(8)
in g = f* h



.
. With the above assumption,

Degradation/Blur = Convolution


