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Median filter

The median m of a set of values (e.g. 
image pixels in the filtering mask) is such 
that half the elements in the set are less 
than m and other half are grater than m.

x(n)={1, 5, -7, 101, -25, 3, 0, 11, 7}

Sorted sequence of elements:

xs(n)={-25, -7, 0, 1, 3, 5, 7, 11, 101 }

median



Median filter

f(x,y) g(x,y)g(x,y)=median{f(x,y); (x,y)h}f(x,y)

source image f output image g

h





Median filter



Image morphology

Median filter…

What about minimum or maximum filters?



Image morphology - erosion

Minimum filter – morphological erosion

Maximum filter – morphological dilation



Image morphology - erosion

Minimum filter – morphological erosion

Maximum filter – morphological dilation









Image morphology - erosion

Opening = erosion + dilation

Closing = dilation + erosion

erosion

erosiondilation

dilation



Image morphology - erosion

Opening = erosion + dilation

Closing = dilation + erosion

erosion

erosiondilation

dilation







Image resampling (zooming)

Image resampling

(zooming)

Image resampling

(zooming)

Size reduction

(downsampling)

Size reduction

(downsampling)

Enlargement 

(upsampling)

Enlargement 

(upsampling)

Aliasing problemsAliasing problemsInterpolation problems Interpolation problems 





Downsampling

Just take every n-th pixel! 

SIMPLE!?













Upsampling

This must be simple!
Let’s multiply pixels!





Nearest neighbor pixel replication

Zero-order interpolation

?





Nearest neighbor pixel replication

Pixelization!  



Bilinear interpolation
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Bilinear interpolation



Bicubic polynomial interpolation

  










3

0

3

0

i

i

j

j

ji
ij yxay,xp





Bicubic polynomial interpolation



bicubic, bilinear, nearest neighbor (comparison)



http://en.wikipedia.org/wiki/Bicubic_interpolation



 

1. What is a size and shape of standard median filter?
2. What should be the size of a structuring element?
3. What is a difference between the sampling and the Nyquist 

frequency?
4. How many other pixels are used for interpolation of a pixel?
5.

Quiz
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