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We see that spatial filtering requires 

three steps:

1. position the mask over the current 

pixel,

2. form all products of filter elements 

with the corresponding elements

of the neighbourhood,

3. add up all the products.

This must be repeated for every pixel in 

the image.

An example: One important linear filter 

is to use a mask and take the

average of all nine values within the 

mask. This value becomes the grey

value of the corresponding pixel in the 

new



Median Filter  The median filter is a non linear filter (order filter) used to 

remove noise from images. 

The median filter is also used to preserve edge properties while reducing the 

noise 

These filters are based on as specific type of image statistics called order 

statistics. 

Typically, these filters operate on small sub image, “Window” , and replace the 

center pixel value (similar to the convolution process). 

 Order statistics is a technique that arranges the entire pixels in sequential 

order, given an N×N window (W), the pixel values can be ordered from 

smallest to the largest (ascending order). 

I1 <I2< I3< ...……< IN 2

Where I1 ,I2 , I3 ...……, IN are the intensity values of pixels within (NxN) 

window



a. Salt and pepper noise                                             b. Median filtered image (3x3)



The Procedure of median filter:

■ The window is overlaid on the upper left corner of the image, and the median value is

determined.

■ This value (median) is put into the output image (buffer) corresponding to the center location

of the window.

■ The window is then slide one pixel over, and the process is repeated

■ When the end of the row is reached, the window is slide back to the left side of the image

and down one row, and the process is repeated.

■ This process continues until the entire image has been processed.

Not: the outer rows and columns are not replaced.. And these “wasted” rows and columns

are often filled with zeros (or cropped off the image). For example, with 3X3 mask, we lose

one outer row and column, a 5X5 mask we lose two rows and columns.







Maximum and Minimum Filters

■ Maximum and Minimum Filters are two order filters that can be used for elimination of 

salt- and-pepper noise.

■ The maximum filter selects the largest value within an ordered window of pixels values and 

replaces the central pixel with the largest value (lightest one) .

■ Used to find the brightest points in an image.

■ The maximum filters work best for removing pepper-type noise.

■ The minimum filter selects the smallest value within an ordered window of pixels

values and replaces the central pixel with the smallest value (darkest one) in the

ordered window .

■ The minimum filters work best for removing salt- type noise,

NOT: a minimum or low rank filter will tend to darken an image and a maximum or high 

rank filter will tend to brighten an image





Example: Apply a maximum filter (Order Statistic) on the following assumed image, 

using (3×3) Window size

Solution:

1. Overlade (3x3) window at the upper left corner of the input 

image :

2. Sort the pixels values (ascending order) : 0, 0, 1, 1, 1, 2, 2, 4, 4

3. Determine the maximum value : 0, 0, 1, 1, 1, 2, 2, 4, 4

4. Replace the pixel at the center location by median value

5. The window is then slide one pixel over, and Repeat the steps

(1- 4)
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