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Fundamental of Spatial Filtering  

•Filtering is a fundamental operation in image processing. It can be used for:

1 image enhancement

2 Noise reduction

3 Edge detection,

4 Sharpening.

•The concept of filtering has been applied in the:

•Frequency domain, where it rejects some frequency components while 

accepting others.

•Spatial domain, Spatial filtering modifies an image by replacing the value of each

pixel with a function of the values of the pixel and its neighbors (filtering is

pixel neighborhood operation).

➢ Commonly used spatial filtering techniques include median, average, 

Gaussian filtering, etc.

➢ The filtering function sometimes is called filter mask, or filter kernel.

➢ They can be broadly classified into two different categories :

1. Linear filtering.

2. Nonlinear filtering ( Order-statistic filters).



Spatial Domain  

•An image can be represented in the form of a

2D matrix where each element of the

matrix represents pixel intensity.

•This state of 2D matrices •that depict the

•intensity distribution of an image is

called Spatial Domain. It can be represented as

shown below.

• For the RGB image, the spatial domain is

represented as a 3D vector of 2D matrices.

Each 2D matrix contains the intensities for a

single color as shown below.

• Each pixel intensity is represented as I(x, y)

where x, y is the co-ordinate of the pixel in the

2D matrix. Different operations are carried

out in this value.



Frequency Domain

•In frequency-domain methods are based on the Fourier Transform of an 

image.

•Roughly, the term frequency in an image tells about the rate of change of 

pixel values.

•The tie between spatial- and frequency-domain processing is the Fourier 

transform.

➢ We use the Fourier transform to go from the spatial

➢ To the frequency domain; to return to the spatial domain we use the 

inverse Fourier transform.

•The figure below depicts the 

conversion of the image from the

spatial domain to the frequency

domain using Fourier 

Transformation.



Spatial Domain 

•Q: Why we need a domain other than spatial domain ?

•Answer

•Many times, image processing tasks are best performed in a domain other than the

spatial domain. Moreover, it is easy to detect some features in a particular domain,

i.e., a new information can be obtained in other domains.



Linear Filters 

A linear spatial filter performs a sum-of-products operation between an image f 

and a filter kernel, w.

➢ The kernel is an array whose size defines the neighborhood of operation, and

whose coefficients determine the nature of the filter.

➢ Other terms used to refer to a spatial filter kernel are mask, template, and

window.

➢ We use the term filter kernel or simply kernel.

The equation below illustrates the mechanics of linear spatial filtering using a kernel.

At any point (x, y) in the image, the response, g(x, y), of the filter, is the sum of

products of the kernel coefficients and the image pixels encompassed by the kernel:

g (x , y ) = w ( − 1, − 1) f ( x-1, y− 1) + w ( − 1, 0) f ( x − 1, y ) +

… + w (0, 0) f (x , y ) + … + w(1, 1) f ( x +1, y + 1)

As coordinates x and y are varied, the center of the kernel moves from pixel to

pixel, generating the filtered image, g, in the process



Linear Filters 



Smoothing Filters 

Smoothing (also called averaging) spatial filters are used to reduce sharp transitions

in intensity.

Because random noise typically consists of sharp transitions in intensity, an obvious

application of smoothing is noise reduction.

Smoothing prior to image resampling to reduce aliasing, is also a common

application.

➢ The commonly used smoothing filters areAveraging and Median filters.

➢ It can be performed using the convolution operation.

Where: h (m, n) is a filtering mask of size MxN.

➢ Each element in this filter mask usually represents the weights used in the linear

combination.



Average Filter  

The average filtering is also called mean filtering. Where the output pixel value is the

mean of its neighborhood. There are two types (Standard Average and Weighted

Average) . Thus, the filtering mask is as follows (3*3 as an example).



Average Filter  





Example on the standard average filter with zero padding 



standard average filter 

with replicate border 



Non-Linear Filters 

The order-statistical filters are usually non-linear filters, which are hardly

represented by convolution.

➢ The value of a given pixel in the output image is represented by some statistic within

its support neighborhood in the original image, such as the median filter.

There are some other filters as well such as the max/min filter.

➢ The median filter simply replaces the value of the pixel with the

median value within its neighborhood.

➢ The max/min filter replaces the value of the pixel with the 

maximum/minimum value within its neighborhood.

Those filters are normally non-linear and cannot be easily implemented in the

frequency domain.

➢ However, the common elements of a filter are:

( 1 ) A neighborhood

( 2) An operation on the neighborhood include the pixel itself.



Median Filters 

The median filter is a non-linear filter (order filter). 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 pixel in

sequential order, given an NxN window (W) the pixel values can be

ordered from smallest to the largest.

I1 ≤ I2 ≤ I3...…………………< IN

Where: I1, I2, I3...……, IN

are the intensity values of the

subset of pixels in the image.



Median Filters 



Median Filters 



Median Filters 

5 16 20 15 17 20

21 2 25 23 34 19

43 51 19 18 40 42

15 18 25 23 38 40

52 44 34 12 10 13

5 16 20 15 17 20

21 20 ? ? ? 19

43 ? ? ? ? 42

15 ? ? ? ? 40

52 44 34 12 10 13

5 16 20 15 17 20

21 20 19 ? ? 19

43 ? ? ? ? 42

15 ? ? ? ? 40

52 44 34 12 10 13

Example 1:

Using median filters to remove salt and pepper noise, from sub image I(r , c).

First pixel:

1. Rearrange the 3x3 neighbor pixels in

ascending way such as:

2, 5, 16, 19, 20, 21, 25, 43, 51

2. By using median filter we select the median

value 20 and put it in buffer image in the

position (1,1)

Second pixel:

1. Rearrange the 3x3 neighbor pixels in

ascending way such as:

2, 15, 16, 18, 19, 20, 23, 25, 51

2. By using median filter we select the median

value 19 and put it in buffer image in the

position (1,1)



Min Filters 
Example 2:
Using min. filters to remove salt and pepper noise, from sub image I(r , c).

First pixel:

1. Rearrange the 3x3 neighbor pixels in

ascending way such as:

5, 13, 16, 19, 20, 21, 25, 25, 43, 51

2. By using min. filter we select the minimum 

value 5 and put it in buffer image in the 

position (1,1)

Second pixel:

1. Rearrange the 3x3 neighbor pixels in 

ascending way such as:

13,15,16,19,20,22,23,25,51

2. By using min. filter we select the minimum 

value 13  and put it  in  buffer image in  the 

position (1,1)

5 16 20 15 17 20

21 13 25 23 34 19

43 51 19 22 40 42

15 18 25 23 38 40

52 44 34 12 10 13

5 16 20 15 17 20

21 5 ? ? ? 19

43 ? ? ? ? 42

15 ? ? ? ? 40

52 44 34 12 10 13

5 16 20 15 17 20

21 5 13 ? ? 19

43 ? ? ? ? 42

15 ? ? ? ? 40

52 44 34 12 10 13



Max Filters 
Example 3:
Using max. filters to remove salt and pepper noise, from sub image I(r , c).

First pixel:

1. Rearrange the 3x3 neighbor pixels in

ascending way such as:

5,13,16,19,20, 21,25,25,43,51

2. By using max. filter we select the maximum 

value 51  and put it  in  buffer image  in the 

position (1,1)

Second pixel:

1. Rearrange the 3x3 neighbor pixels in 

ascending way such as:

13,15,16,19,20,22,23,25,51

2. By using max. filter we select the maximum 

value 51  and put it  in  buffer image in  the 

position (1,1)

5 16 20 15 17 20

21 13 25 23 34 19

43 51 19 22 40 42

15 18 25 23 38 40

52 44 34 12 10 13

5 16 20 15 17 20

21 51 ? ? ? 19

43 ? ? ? ? 42

15 ? ? ? ? 40

52 44 34 12 10 13

5 16 20 15 17 20

21 51 51 ? ? 19

43 ? ? ? ? 42

15 ? ? ? ? 40

52 44 34 12 10 13



Sharpening Filters 

The objective of sharpening is to draw attention to the fine details of an 

image. This is also related to the situation where an image that has been 

blurred and now needs to be de-blurred.

In contrast to the process of image :

Smoothing that normally uses pixel averaging techniques, 

Sharpening can be conducted using spatial differentiation.

The image differentiation actually:

▪ Enhances edges

▪ Discontinuities

▪ Depresses the areas of slowly changing gray-level values.

The Sharpening filter indicates the filter should have positive coefficients 

near its center and negative coefficients in the outer periphery.



Laplacian Filters 
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The sum of the coefficients in this kernel is zero, this mean that:

• when  the  kernel  is over an area of constant (background  area) or 

slowly varying gray level, the result of convolution is zero or some very

small number.

• when gray level is varying rapidly within the neighborhood, the result of

the convolution can be large number.

This number can be positive or negative, because the kernel contains both 

positive and negative coefficients; we therefore need to choose an output 

image representation that supports negative number.

These filters will tend to bring out, or enhance details in the image. Example

of convolution masks for the Laplacian-type filters are:



Laplacian Filters 



Laplacian Filters 



2nd Derivative - Laplacian filter 



Composite Laplacian filter 

Composite Laplacian filter : 



Composite Laplacian filter 



Composite Laplacian filter 



Composite Laplacian filter 



End of Lecture
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