
Gaussian Filtering

Freq. domain Gaussian filter:
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Spatial domain Gaussian filter:Spatial domain Gaussian filter:
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Low pass Filtering - I
Ideal LPF:
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Low pass Filtering - II
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Butterworth LPF 
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Gaussian LPF 
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High pass Filter - I

Ideal

Butterworth

GaussianGaussian
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High pass Filter - II
Ideal Butterworth Gaussian
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High pass Filtering & Thresholding

For image enhancement:
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Band Reject Filter

Band Reject Band Pass
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Image Degradation / Restoration
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Noise Models: PDFs

11Think about the equations!



Noise Models: Example - I
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Noise Models: Example - II
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Periodic Noise
Spatially dependent noise – sinusoidal noise

Impulses
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Restoration in Presence of 
N is  O l  INoise Only - I

)()()( f
),(),(),(
),(),(),(

vuNvuFvuG
yxnyxfyxg

+=
+=Spatial:

Frequency:

Arithmetic Mean Filter:
Corrupted image
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Restoration in Presence of 
N is  O l  IINoise Only - II

Harmonic mean filter:
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Works well for salt noise, but fails for 
pepper noise.

Contra harmonic mean filter: ∑

∑
∈

+

= xy

Q
Sts

Qtsg
yxf ),(

1),(
),(ˆContra harmonic mean filter: ∑

∈ xySts

Qtsg
yf

),(

),(
),(

Q: Order of the filter.

Q = 0: arithmetic mean; Q = -1: harmonic mean.

16Q = +ve: eliminates pepper noise; Q = -ve: eliminates salt noise.



Restoration in Presence of 
N is  O l  E m l  1Noise Only – Example 1
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Restoration in Presence of 
N is  O l  E m l  2Noise Only – Example 2
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Contra Harmonic Filter: Q

Effect of wrong sign of Q:
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Order Statistic Filters

Median filter: )},({median),(ˆ
),(

tsgyxf
xySts ∈

=

Max and min filter: 

⎤⎡Midpoint filter: ⎥⎦
⎤

⎢⎣
⎡ +=

∈∈
)},({min)},({max

2
1),(ˆ

),(),(
tsgtsgyxf

xyxy StsSts

Alpha-trimmed mean filter: ∑= tsgyxf )(1)(ˆAlpha-trimmed mean filter: ∑
∈−

xySts
r tsg

dmn
yxf

),(
),(),(

D l t th d/2 l t d th d/2 hi h t i t it l f ( t)
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Delete the d/2 lowest and the d/2 highest intensity values from g(s,t). 
The remaining mn – d pixels are in gr(s,t).



Median Filters

One pass

Two passes Three passes

21



Max & Min Filters

P i M filt S lt i Mi filtPepper noise: Max filter Salt noise: Min filter
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Filter Effect on Two Types of Noise
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Adaptive Filters

[ ]L
n myxgyxgyxf −−= ),(),(),(ˆ

2

2σ [ ]L
L

ygygyf )()()( 2σ

1. If noise (overall) variance = 0, return g(x,y).
2. If local noise variance >> overall noise variance, 

return a value close to g(x,y).
3. If two variances are equal, return local arithmetic 

mean.
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Adaptive Filters: 
E m lExample

Self study:Self study: 
adaptive 
median 
filter
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