
 
Math 3360: Mathematical Imaging 

Prof. Ronald Lok Ming Lui 
Department of Mathematics,  

The Chinese University of Hong Kong 
 
 
 
 
 

Lecture 12: 
Image Denoising/Deblurring in Frequency Domain 

 
 
 
 
 



Frequency spectrum of an image 



Frequency spectrum of an image 



Frequency spectrum of an image 

Original image Spectrum 



Key steps for image enhancement in 
the frequency domain 



Relationship between spatial and frequency domain 

Flat filter  Low pass filtering 



Spatial and frequency domain 



Ideal Low Pass Filter 



Ideal Low Pass Filter 

Ideal Low Pass Filter with larger and larger radii D0 



Explanation of ringing effect 



Butterworth Low Pass Filter 

 n=1  n=2  n=5  n=20 



Butterworth Low Pass Filter 

Butterworth Low Pass Filter with larger and larger radii D0 



Gaussian Low Pass Filter 

Gaussian Low Pass Filter with larger and larger radii D0 



Gaussian Low Pass Filter 



Application: Low Pass Filter 



High Pass Filter 



Spatial representation of High Pass Filter 

Ideal Butterworth Gaussian 

(Ringing effect is expected) 



Ideal High Pass Filter 

Butterworh 

(Ringing effect is observed) 

D0 = 15 D0 = 30 



Ideal High Pass Filter 



Butterworth High Pass Filter 

D0 = 15 D0 = 30 



Comparison: High Pass Filter 

High-pass filtering Low-pass filtering 



Image denoising examples 
Ideal filtering 



Image denoising examples 

Noisy image Frequency domain 

Denoised 

Ideal filtering 



Image denoising examples 
Butterworth filtering 

Noisy 



Image denoising examples 
Butterworth filtering 

Denoised 



Image denoising examples 
Gaussian filtering 



Image denoising examples 
Ideal filtering 



Key steps for image enhancement in 
the frequency domain 



Example of turbulence blur 

Blurry image Deblurred image 



Example of motion blur 



Image deblur model 



Image filtering in the frequency domain 



Direct inverse filter 



Direct inverse filter 



Direct inverse filter 



Modified inverse filter 



Modified inverse filter 



Modified inverse filter 



Wiener filter 



Wiener filter 



Wiener filter 



Wiener filter 

Deblurred 



Wiener filter 
Comparison 



Wiener filter 
Application 



Wiener filter 
Application 

Zoom-in 



Wiener filter 
Application 

Blurry image Deblurred image 



Wiener filter 
BUT sometimes it doesn’t work! 



Different image deblurring algorithms 



Different image deblurring algorithms 



Image deblur model 

Original image Blurred image 



Wiener filter 

Deblurred image Deblurred image Deblurred image 



Constrained least square filtering 

Constrained 
Least 
Square 

Wiener 
filter 



Constrained least square filtering 

Blurry image without noise 



Constrained least square filtering 

Blurry image without noise 



Constrained least square filtering 

Blurry images 

Deblurred images 


