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Basics of Frequency Domain concepts 

for

1-D and 2-D functions
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Fourier Series :

Any periodic function can be expressed as the sum of sines and/or 

cosines of different frequencies, each multiplied by a different 

coefficient.

Fourier Transform :

Functions that are not periodic (but whose area under the curve is 

finite) can be expressed as the integral of sines and/or cosines 

multiplied by a weighting function.
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Computational advantage of filtering in Frequency domain 
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Impulse function and its properties (Continuous domain)
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Impulse function and its properties (Discrete domain)
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Fourier Transform (1D-Continuous Domain)

Fourier Transform Pair
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Fourier Transform (FT) of a Box function
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FT of an impulse and impulse train
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Sampling and FT of Sampled Signals
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FT of Sampled Signals
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Reconstruction from Frequency Domain
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Recovery from the aliased signals
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Graphical Interpretation

of DFT relations
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Discrete Fourier Transform (DFT) of 1-D data
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Relation between sampling (time) and frequency resolutions



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods

Gonzalez & Woods

Chapter 4

Filtering in the Frequency Domain

Example to illustrate the computation of 1-D DFT
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2D Impulse and its properties
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2D Continuous FT pair
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2D Sampling and Sampling Theorem
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Aliasing in Images
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Illustration of the effect of Anti-aliasing filter (Image resampling & Interpolation)
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Aliasing & Moire patterns

Aliasing due to 

half-tone dots 

and sampling grid
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2-D Discrete FT and its Inverse
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Properties of 2-D DFT and IDFT

Relationships between spatial and frequency intervals

Translation & Rotation
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Periodicity

Properties of 2-D DFT and IDFT
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Symmetry

properties
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Fourier Spectrum & Phase Angle
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The Spectrum 

of a Rectangle
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Spectrum of 

a Rectangle in 

Translation 

and Rotation
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The phase spectrum of a Rectangle : 

Centered, Translated and Rotated Positions
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Image 

reconstruction 

using 

(c) only phase, 

(d) only mag, 

(e) boy-phase 

+ rect-mag and 

(f) rectphase 

+ boy-mag  
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2-D Discrete Convolution Theorem

Frequency leakage due to padding
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Summary of 2-D DFT

definitions
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Properties of 

2-D DFT pairs
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Association of Spatial Features Frequency domain features
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Filtering in Frequency Domain
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Filtering in

Frequency 

Domain
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Illustration of

Padding in 

Frequency

Domain

Filtering to

avoid 

wrap-around 

error
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Artifacts 

of padding 

the filter 

in spatial 

domain
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Significance of Phase in Image reconstruction
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1. f(x,y) is MxN. Pad to PxQ. Typically, P=2M, Q=2N

2. Form fp(x,y) of size PxQ by adding necessary zeros to 

f(x,y)

3. Multiply fp(x,y) by (–1)^(x+y) to center transform

4. Compute F(u,v) by DFT of fp(x,y)

5. Use real symmetric filter H(u,v), of size PxQ & center at 

(P/2,Q/2). Form G(u,v)=H(u,v)F(u,v)

6. Compute gp(x,y) by product of real part of IDFT of G(u,v) 

and (–1)^(x+y).

7. Extract g(x,y) taking MxN at left top corner of gp(x,y)

Steps in Filter Design in Frequency Domain
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Correspondence between filtering in spatial and frequency domains 
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Illustration of 

Sobel operator 

(Filter) 

implementation 

in spatial and 

frequency domains


