
Announcement

Homework #4 has been posted on Blackboard and course 
website.

Due 2:20pm, Wednesday, Feb. 28th



Today’s Agenda

• Filtering in Frequency domain



Image Smoothing Using Frequency Domain 

Filters – Ideal Lowpass Filter



Locating the Cut-Off Frequency



Applying the ILPF – Blurring and Ringing

Original ILPF, cutoff 10,

Energy 87% 

ILPF, cutoff 30

Energy 93.1%  

ILPF, cutoff 60

Energy 95.7%  

ILPF, cutoff 160

Energy 97.8%  

ILPF, cutoff 460

Energy 99.2%  



Why?



Butterworth Lowpass Filters (BLPF)
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𝐷0 is the cutoff frequency



Applying the BLPF

Order 2

Original 

ILPF, cutoff 10

Energy 87% 

ILPF, cutoff 30

Energy 93.1%  

ILPF, cutoff 60

Energy 95.7%  

ILPF, cutoff 160

Energy 97.8%  

ILPF, cutoff 460

Energy 99.2%  



Different-Order BLPF



Gaussian Lowpass Filters 

2
0

2 2/),(
),(

DvuD
evuH
−

=



Applying the GLPF

BLPF with order 2 GLPF

D0 = cutoff radius

10

30 60

160 460

10

30 60

160 460



Summary of Lowpass Filters



Applications



Applications



Applications



Highpass Filters in Frequency Domain

𝐻𝐻𝑃(𝑢, 𝑣) =
1 − 𝐻𝐿𝑃(𝑢, 𝑣)
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Highpass Filters



Highpass Filters In Spatial Domain



Applying IHPF



Applying BHPF/GHPF

BHPF

GHPF

𝐷0 = 30 𝐷0 = 60 𝐷0 = 160



Applications



Bandreject and Bandpass Filters



Example



Example



Implementation

Separability of the 2D DFT

Computing the IDFT using a DFT algorithm

The Fast Fourier Transform (read Chapter 4.11.3)



Reading Assignments

Chapter 4.3 – 4.11



Image Degradation and Restoration

http://fireoracleproductions.com/services__samp

les

Google image

Image degradation due to

• noise in transmission

• imperfect image acquisition

• environmental condition

• quality of sensor



Image Degradation and Restoration
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Identity H(u,v) → degradation only comes from additive noise



Restoration in the Presence of Noise Only – 

Spatial Filtering
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Image Restoration with Additive Noise

𝑔 𝑥, 𝑦 = 𝑓 𝑥, 𝑦 + 𝜂 𝑥, 𝑦

𝐺(𝑢, 𝑣) = 𝐹(𝑢, 𝑣) + 𝑁(𝑢, 𝑣)

Noise models:

• Impulse noise: pepper and salt

• Continuous noise model: 
• Gaussian, Rayleigh, Gamma, Exponential, Uniform



Properties of Noise

• Spatial properties

• Spatially periodic noise

• Spatially independent noise

• Frequency properties

• White noise – noise containing all frequencies within 
a bandwidth



Some Important Noise Model
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http://www.gergltd.com/cse486/project2/

• Due to electronic circuit

• Due to the image sensor

• poor illumination

• high temperature



Some Important Noise Model
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Rayleigh noise

• range imaging

• Background model for Magnetic 

Resonance Imaging (MRI) 

images

Gamma noise

• laser imaging



Some Important Noise Model
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Exponential noise

• laser imaging

Impulse noise

• salt and pepper noise

• A/D converter error

• bit error in transmission

Uniform noise



An Example

What is its histogram? 



An Example (cont.)



An Example (cont.)



Estimation of Noise Parameters

Take a small stripe of the background, do statistics for the 
mean and variance.
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