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Filtering in Frequency Domain

Any function can be represented 

as a weighted sum of sines and 

cosines.

Original

Function

Component 

sinusoidal
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Discrete Fourier 
Transform

Any continuous periodic signal can 

be represented as the sum of properly 

chosen sinusoidal waves.
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Fourier Transfer of a Simple Function
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Discrete Impulse

Unit discrete impulse at x0.

Impulse train
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Fourier transform (FT) of 

an impulse is constant.

Fourier transform (FT) of an impulse 

train is also an impulse train.
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Delta Function

Shifted Delta Function

Shifted Delta Function

Same Magnitude, 

Different Phase

Delta Function Pairs in Polar Form
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Delta Function Pairs in Rectangular Form

Delta Function

Shifted Delta Function

Shifted Delta Function

Prof. Ghulam Muhammad, King Saud University



7

FT of Sampled Functions
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F is infinite, periodic sequence 

of copies of )(F

Over sampling

Critically sampling

Under sampling
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Sampling Theory
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Aliasing
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FT in One Dimension
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=Fourier Transform,

Inverse Fourier Transform,

u = 0, 1, 2,  M-1

2-D Impulse

Drill Example: 4.4

Impulse trainProf. Ghulam Muhammad, King Saud University
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Aliasing in Image - I

Aliasing

Aliasing in resampled  (resized) image.
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Aliasing in Image - II

Jaggies: The effect of aliasing in edges.
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FT in 2-D
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Fourier Transform,

Inverse Fourier Transform,

DFT: infinite # periods

Shifted DFT: 

(-1)x*f(x)

2-D DFT: infinite # periods Shifted 2-D DFT: 

(-1)x+y*f(x,y)
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Even and Odd Functions

   1,1,1,2)3(),2(),1(),0( == fffff

Consider the example:

M = 4 (even)

For evenness: )4()( xfxf −=

range  theoutside )4(    ,51112)0( ==+++= ff

}      { bcbaThe form is:

Consider another example:    1,0,1,0)3(),2(),1(),0( −== ggggg

For oddness: )4()( xgxg −−= The form is: }  0  -  0{ bb

For M = even, g(0) and g(M/2) are zero.

For M = odd, only g(0) is zero.

{0 -1 0 1} is odd, but {0 -1 0 1 0} is neither odd nor even.

Prof. Ghulam Muhammad, King Saud University



17

Fourier Spectrum & Phase Angle

2-D complex DFT: ),(|),(|),( vujevuFvuF =

(1) Frequency spectrum:

(2) Phase angle:

  2/122 ),(),(|),(| vuIvuRvuF +=
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(3) Power spectrum: 
2|),(|),( vuFvuP =

(1), (2), (3) are of M  N size.
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Fourier Spectrum of An Image

Image
Spectrum

Bright spots at 

four corners

Centered 

spectrum 
(obtained 

multiplying the 

image by (-1)x+y

before DFT)

(1+log|F(u,v)|)

Increased 

detail
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Translation effect on Spectrum 

No effect on 

spectrum for 

image 

translation.
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Translation effect on Phase Angle 

Translation has effect on phase angle.
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Importance of Phase Angle 

Reconstructed 

using only 

phase angle

Reconstructed 

using only 

spectrum

Reconstruction: Woman phase + rectangle spectrum
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1-D Convolution
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For DFT, we need to 

append zero: zero padding.

f(x), h(x) and output 

must be of length P.

P A + B - 1

Prof. Ghulam Muhammad, King Saud University



23

Filtering in Frequency Domain - I

Edges are 45

 ),(),(),( 1 vuFvuHyxg −=

Simplest filter: removing 

dc component (zero freq). 

Put H(M/2, N/2) = 0.

Zero averaging.
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Filtering in Frequency Domain - II

Low pass High pass High pass:          

without eliminating dc.
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Zero Padding Effect - I

Without padding With padding
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Zero Padding Effect - II

Filter in 

f-domain

Filter in 

spatial domain

Zero 

padding

Discontinuous

IDFT
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Steps for Frequency Domain Filtering
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