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EE421/521 
Image Processing 
Lecture 10a 
NOISE FILTERING 
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Introduction 
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Problem: Noise in the Image 

Imaging
System 

Original Image Noisy Image 
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(random variations of intensity) 

Noise Filtering 
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Signal Independent  
Additive Noise 
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Signal Dependent  
Additive Noise 
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Noise Sources 

¢  Shot (photon, film grain) noise 
l  Caused by variation in the number of photons 
l  Signal dependent, Poisson (similar to Gaussian) 

¢  Salt-and-pepper (spike) noise 
l  Caused by dead pixels, dust, scratches 
l  Signal independent, impulsive 

¢  Quantization noise 
l  Caused by CCD quantization 
l  Signal independent, uniform 
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Noise Distributions 
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Other Noise Sources: 
Sinusoidal Noise 
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Noise Filtering Methods 

¢  Linear shift invariant (LSI) filtering 
l Low-pass filtering 
l LMMSE (Wiener) filter 

¢  Locally adaptive (shift-varying) filtering 
l Local LMMSE filter 
l Directional smoothing 

¢ Nonlinear filtering 
l Median filter 
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Noise Filtering 
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Low-pass Filtering 

Noise 

Noise-free image 
Noisy image 
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Mean Filtering 
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¢ Approximates low-pass filtering 

ℵ

ℵN

),( 21 nn

Mean Filtering 
(in a 3x3 neighbourhood) 
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original mean filtered 
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Median Filtering 
(Order-Statistic Filtering) 

¢  A non-linear filter that is edge preserving since 
it easily rejects outliers, avoids blurring edges 
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Median Filtering 
(in a 3x3 neighbourhood) 
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Mean vs. Median Filtering 

Gaussian 
noise 

Shot 
noise 

Mean 
filtered 

Median 
filtered 

Noisy image 
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Linear Minimum Mean Squared Error 
(LMMSE) Filtering 
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Observation model 

Linear filter 

Find        to minimize ss −ˆh
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Linear Minimum Mean Squared Error 
(LMMSE) Filtering 

19 

s

g

hg

v e

vsg +=

hgs =ˆ
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Observation model 

Linear filter 

MMSE achieved by orthogonality 

sse −= ˆ Estimation error 

ge ⊥ becasuse       is perpendicular to the space spanned by hge

Find        to minimize ss −ˆh

LMMSE Filtering 
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gss ⊥−ˆ
Orthogonality principle: 

Thus 

where 

Estimation error is 
orthogonal to observation 

Linear time-invariant filter 
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LMMSE Filtering 

Stationary signal assumption 
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Optimum LTI Filter for 
Additive Noise Model 
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Local (Space-Varying) 
LMMSE Filtering 
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Space-varying filter 

Non-stationary signal Orthogonality principle 

Local (Adaptive) LMMSE 
Filtering 
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Assume that the neighboring pixels are uncorrelated: 
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Local LMMSE Filtering 
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Likewise, define the observed residual image: 
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Thus, we can write the following observation model in terms of the 
residual images: 

Assuming that the observation noise is zero mean, we have 
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Local LMMSE Filtering 

26 

Assuming that the original image and the noise are 
uncorrelated we also have 
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Local LMMSE Filtering 
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Local LMMSE Filtering 
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where 

The filtered image is then given by 
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(edge-preserving). 
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Directional Spatial Filtering 
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Method III: Apply Averaging 
Along the Detected Edge 
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Bilateral Filtering  

Smoothing weight 

Range weight 
(data dependent) 

Combined (bilateral) weight 

Bilateral filtering kernel 
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(c) 

(b) 

(d) 

Bilateral Filtering  
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Bilateral Filtering 

noisy image bilateral filter 
(edge preserving) 

linear time- 
invariant filter 
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Adaptive Median Filtering 
Stage A (Zmed impulse?) 

Stage B (Zmed is not impulse) 

xyS
(Zxy is impulse) 
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Adaptive Median Filtering 

Removes impulsive noise (by using the median value) 
 
Less distortion in edges (by starting with a small window 
and by being able to keep the original value) 

Summary of Noise Filters 

¢  LSI noise filtering 
l  Noise reduction at the expense of spatial 

blurring 
¢  Local linear filtering 

l  Edge-disabled 
¢  Directional filtering 

l  Edge-preserving 
¢  Median filtering 

l  Works for impulsive noise, preserves edges 
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Project 1.10 (3.1) 
Noise Filtering 
Due 22.12.2013 Sunday 
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Local LMMSE Filtering 
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The filtered image is given by 
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Problem 1.10 

1.  Select a monochrome image and display it. 
2.  Add 20 dB Gaussian noise to the image and display the result. 

Use the following formula to obtain the noise variance: 

 
3.  Filter the noisy image with the local LMMSE filter. Use a 3x3 

window to find the local mean and variance. Display and 
comment on the resulting image.  

4.  Repeat Step 3 with a 7x7 window. 
5.  Compare your results with MATLAB’s adaptive filter. 
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Next Lecture 

¢ BLUR IDENTIFICATION 
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