
Image Processing in Frequency 
Domain
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Outline

► Fourier Series , Fourier Transform
► Convolution
► 2-D discrete Fourier transform
► Filtering in Fourier Transform Domain
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Fourier Series and Fourier Transform
► Fourier Series
    Any periodic function can be expressed as the sum of sines 

and /or cosines of different frequencies, each multiplied by 
a different coefficients

► Fourier Transform
    Any function that is not periodic can be expressed as the 

integral of  sines and /or cosines multiplied by a weighing 
function
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Preliminary Concepts
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Fourier Series θ=ω τ=(2π.n/Τ) τ



* 6

Impulses and the Sifting Property (1)
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Impulses (Discrete) and the Sifting Property (2)
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Impulses and the Sifting Property (3)
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Fourier Transform:  Continuous Variable
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Fourier Transform: One Continuous Variable
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Fourier Transform: Impulses
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Fourier Transform and Convolution
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Fourier Transform and Convolution

Fourier Transform Pairs
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The Discrete Fourier Transform (DFT) of One 
Variable
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2-D Impulse and Sifting Property: Continuous
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2-D Impulse and Sifting Property: Discrete
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2-D Fourier Transform: Continuous
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2-D Fourier Transform: Continuous
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2-D Discrete Fourier Transform and Its 
Inverse
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Properties of the 2-D DFT
relationships between spatial and frequency intervals
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Properties of the 2-D DFT
translation and rotation
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Properties of the 2-D DFT
periodicity 
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Properties of the 2-D DFT
periodicity 
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Properties of the 2-D DFT
Symmetry 
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2-D Convolution Theorem 
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An Example of Convolution

Mirroring h 
about the 
origin

Translating 
the mirrored 
function by x

Computing the 
sum for each x
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An Example of Convolution

It causes the 
wraparoun

d error

It can be 
solved by 
appending 

zeros
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Zero Padding

► Consider two functions f(x) and h(x) composed of A and B 
samples, respectively

► Append zeros to both functions so that they have the same 
length, denoted by P, then wraparound is avoided by 
choosing

      
         P ≥A+B-1
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Zero Padding

► Let f(x,y) and h(x,y) be two image arrays of sizes A×B and 
C×D pixels, respectively. Wraparound error in their 
convolution can be avoided by padding these functions 
with zeros
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Summary
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Summary
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Summary
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The Basic Filtering in the Frequency Domain

Why is the spectrum at 
almost ±45 degree  stronger 
than the spectrum at other 

directions?
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The Basic Filtering in the Frequency Domain

► Modifying the Fourier transform of an image 

► Computing the inverse transform to obtain the processed 
result



* 35

The Basic Filtering in the Frequency Domain

► In a filter H(u,v) that is 0 at the center of the transform 
and 1 elsewhere, what’s the output image?
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The Basic Filtering in the Frequency Domain
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Correspondence Between Filtering in the 
Spatial and Frequency Domains (1)

1. Both components are Gaussian and real

2. The functions behave reciprocally



* 38

Correspondence Between Filtering in the 
Spatial and Frequency Domains (3)
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Generate H(u,v)
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Image Smoothing Using Filter Domain Filters: 
ILPF
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Image Smoothing Using Filter Domain Filters: 
ILPF
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ILPF Filtering Example 
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Image Smoothing Using Filter Domain Filters: 
BLPF
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Image Smoothing Using Filter Domain Filters: 
GLPF
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Image Smoothing Using Filter Domain Filters: 
GLPF
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Image Sharpening Using Frequency Domain 
Filters

   A highpass filter is obtained from a given lowpass filter 
using
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Image Sharpening Using Frequency Domain 
Filters
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Selective Filtering: 
Bandreject and Bandpass Filters
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Selective Filtering: 
Bandreject and Bandpass Filters


