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► Filtering in Fourier Transform Domain

► Homomorphic Filtering
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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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Ideal Highpass Filters 
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where D(u,v) = Distance from (u,v) to the center of the mask.

Ideal LPF Filter Transfer function



Butterworth Highpass Filters 
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Transfer function

Where D0 = Cut off frequency, N = filter order.



Gaussian Highpass Filters 
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Transfer function

Where D0 = spread factor.



Gaussian Highpass Filters (cont.) 
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Gaussian highpass
filter with D0 = 5 

Spatial respones of the 
Gaussian highpass filter
with D0 = 5 



Spatial Responses of Highpass Filters 

Ripples



Results of Ideal Highpass Filters 

Ringing effect can be 
obviously seen!



Results of Butterworth Highpass Filters 



Results of Gaussian Highpass Filters 



Highpass Filters 

Hhp = 1 - Hlp
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Using Highpass Filtering and Threshold for 
Image Enhancement

BHPF 
(order 4 with a cutoff 
frequency 50)



Laplacian Filter in the Frequency Domain
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From Fourier Tr. Property:

Then for Laplacian operator
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Surface plot
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We get

Image of
–(u2+v2)



Laplacian Filter in the Frequency Domain (cont.)

Spatial response of –(u2+v2) Cross section

Laplacian mask in Chapter 3



Sharpening Filtering in the Frequency Domain
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Spatial Domain

Frequency Domain Filter
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Sharpening Filtering in the Frequency Domain 
(cont.)
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Sharpening Filtering in the Frequency Domain 
(cont.) ),(),()1(),( yxfyxfAyxf hphb +−=
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A = 2 A = 2.7



High Frequency Emphasis Filtering
),(),( vubHavuH hphfe +=

Original Butterworth
highpass
filtered
image

High freq. emphasis
filtered image

After
Hist
Eq.

a = 0.5, b = 2
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Homomorphic Filtering

[ ] [ ] [ ]( , ) ( , ) ( , )f x y i x y r x yℑ ≠ ℑ ℑ

( , ) ( , ) ( , )f x y i x y r x y=
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{ } { } { } { }( , ) ln ( , ) ln ( , ) ln ( , )z x y f x y i x y r x yℑ = ℑ = ℑ + ℑ

( , ) ( , ) ( , )i rZ u v F u v F u v= +



11/4/2010 21

Homomorphic Filtering
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Homomorphic Filtering

The illumination component of an image generally is 
characterized by slow spatial variations, while the 
reflectance component tends to vary abruptly

These characteristics lead to associating the low 
frequencies of the Fourier transform of the logarithm of an 
image with illumination the high frequencies with 
reflectance.



Homomorphic Filtering



Homomorphic Filtering

More details in the room can be seen!



Correlation Application: Object Detection


