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What will We Learn today?

• Spatial filtering fundamentals

• Smoothing filter

• Nonlinear (order-statistic) filters



Spatial Filtering

• A spatial filter consists of
• (a) a neighborhood, and

• (b) a predefined operation

• Linear spatial filtering of an image of size M x N with a filter of 
size m x n is given by the expression 
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Spatial Filtering



Spatial Correlation

The correlation of a filter ( , ) of size 

with an image ( , ), denoted as ( , )   ( , )
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Spatial Convolution

The convolution of a filter ( , ) of size 

with an image ( , ), denoted as ( , )   ( , )
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Smoothing Spatial Filters

• Smoothing filters are used for blurring and for noise 
reduction

• Blurring is used in removal of small details and bridging of 
small gaps in lines or curves

• Smoothing spatial filters include linear filters and nonlinear 
filters.



Spatial Smoothing Linear Filters

The general implementation for filtering an M N image

with a weighted averaging filter of size m n is given
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Two Smoothing Filter Masks





Example: Gross Representation of 
Objects



Order-statistic (Nonlinear) Filters

— Nonlinear 

    — Based on ordering (ranking) the pixels contained in the filter 
mask

    — Replacing the value of the center pixel with the value 
determined by the ranking result

    E.g., median filter, max filter, min filter



Example: Median Filter for Noise 
Reduction
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