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Fourier analysis
• 3 transforms and 1 algorithm:

– Fourier Series
– Continuous Fourier Transform
– Discrete Fourier Transform
– Fast Fourier Transform
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Fourier Series
• The Fourier series of a periodic function 
g(t), with period 2L:
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Fourier Series

• g(t) is represented as a weighted sum of 
sines and cosines (ie linear combination), 
with frequencies defined as:
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Fourier Series
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Fourier Series
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Fourier Series
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Fourier Series
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Fourier Series
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Fourier Series
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Fourier Series
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Fourier Series
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Euler formula:
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Continuos Fourier Transform
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Continuous Fourier transform:

Inverse  Fourier transform:
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Continuos Fourier Transform
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2D Continuous Fourier transform:

2D Inverse  Fourier transform:
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Continuos Fourier Transform
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Fourier pair
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Discrete Fourier Transform
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2D Discrete Fourier transform:

2D Discrete Inverse  Fourier transform:
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2D Fourier transform properties 
Property Description

Separability (DFT) The discrete Fourier transform can be computed in
terms of 1D Fourier transforms of the image rows
followed by 1D transforms of the columns (or
vice-versa).

Spatial Translation
(Shifting)
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Frequency Translation
(Shifting)
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Conjugate Symmetry If g(x, y) is real, then ),(),( vuGvuG --= *
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Linearity –
Multiplication by

Scalars
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Average Value The image average value is directly proportional to
G(0,0) (the so called DC component).

Convolution Theorem ( ) ( ) ),(),(,, vuHvuGyxhyxg «*
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Differentiation
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Convolution Theorem



Frequency Filtering
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2D Discrete Fourier transform:

Algorithm: Frequency Filtering
1.Choose G(r,s);

2.Calculate the Fourier transform F(r,s);
3.H(r,s) = F(r,s) G(r,s);

4.Calculate the inverse Fourier Transform h(p,q);



Frequency Filtering
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Example: Box filter
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Frequency Filtering

Shape Analysis and Classification - Roberto M. Cesar-Jr
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Frequency Filtering

Shape Analysis and Classification - Roberto M. Cesar-Jr

(a) (b)

(c) (d)



Frequency Filtering
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Example: Gaussian filter
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Frequency Filtering
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