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Frequency Domain Processing  

Reading: 
•  4.1 basics/intro 
•  4.2 (we already covered much of this). 
•  4.3 Sampling (we discussed this last week) 
•  4.4, 4.5:  DFT, class notes should be good 
•  4.6 DFT properties, see the h/w. 
•  4.7-4.9 Filtering in frequency domain, 
Homomorphic filtering 
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Recap: Fig 4.1 
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An example: Fig 4.2 
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Fig 4.3 
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Basic Scheme 
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An image and its DFT: Fig 4.4 
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Notch filter: Fig 4.6 
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filtering 



Frequency Domain Processing 9 

High-pass filtering 
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Gaussian filters 
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Gaussian functions 

H (u) = Aexp(−u2 / 2σ 2 )

h(x) = 2πσAexp(−2π 2σ 2x2 )

•  Fourier transform of a Gaussian is a 
Gaussian. 
•  Gaussian functions have some interesting 
properties. 
•  Note that a high pass filter can be 
constructed as a difference of two Gaussians. 
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Smoothing Filters: Ideal LP Filter 

H (u,v) =
1 if D(u,v) ≤ D0

0 if D(u,v) > D0




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An image: Fig 4.11 
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LPF at different cut-off frequencies 

Notice the 
“ringing” 
in b-f. 
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“Ringing”: Fig 4.13 
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Butterworth LPF 

LPF  :     1 
H(u,v) 

D0 D(u,v) 

Butterworth filter: 
1 

H (u,v) 

D(u,v)/D0 

G(u,v) = H (u,v) F(u,v)

H (u,v) =
1 if D(u,v) ≤ D0

0 if D(u,v) > D0





D(u,v) = u2 + v2 (Circularly symmetric)
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Butterworth filter: Fig 4.14 
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LPF example again: BWF order 2 



Frequency Domain Processing 19 

Spatial representation of BWF 
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Gaussian LPF 

  H (u,v) = exp(−D2 (u,v) / 2σ 2 )
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Filtering w/ GLPF 

No ringing.. 
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Another example 
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Frequency domain processing 
HPF 

HPF  : 

Butterworth filter: 

H (u,v) =
0 if D(u,v) ≤ D0

1 if D(u,v) > D0




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HPF: Fig 4.22 
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Spatial representation of HPF 
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Ideal HPF 
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BWF 
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GHPF 
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Homomorphic filtering 

Consider    f (x,y)  =  i (x,y) .  r (x,y) 

Illumination Reflectance 

Now  
So cannot operate on individual components directly
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Homomorphic filtering (contd.) 

In practice:    i         slowly varying  => LF 
r         fast varying   => HF 
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Homomorphic filtering (cont.) 
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An example 


