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LAB 3: 
SPACE DOMAIN FILTERING 

Introductio 

Aim

The aim for the lab is to get familiar to space domain filtering, also called local operations.

Lab organization

See lab 1 and 2


Theory 

Gonzalez/Woods/Eddins: Digital Image Processing using MATLAB.  
From chapter 3.4 to end of chapter.

Software
The lab. project is based on the software MATLAB Version 7 ( release 14 ) including

Image Processing Toolbox (IPT).   

m-file supplied with lab text:  Lab3a.m

Images supplied with lab text:  Figurer.bmp   chestXray.tif

LINEAR SPACE FILTERING

If f(x,y) for x=1..M, y=1..N is an input image, and g(x,y) is an output image of the same size, the a linear filtering can be expressed as:  calculating the new gray level g(x,y) for each pixel (x,y)  in the output image as a linear calculation prosess involving its original gray level f(x,y) and the original gray levels of the neighboring pixels of (x,y).  The neighborhood is defined by a mask w(s,t).  This calculation process for a 3x3 mask is: 
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  where K is a gray-level scaling factor. 

When we use the expressions in the parantesises as array indexes, we must be remember taht MATLAB convention defines the upper left element in the input image array is f(1,1) and likewise the first upper left element in the mask array is w(1,1).

Accordingly, the equation becomes: 

[image: image2.wmf]å

å

-

=

-

=

+

+

+

+

+

+

=

1

1

1

1

)

2

,

2

(

*

)

1

,

1

(

1

)

,

(

i

j

j

i

w

j

y

i

x

f

K

y

x

g


This double sum is implemented as a double for-loop.

The calculation must be done for all pixels, which means that this calculation must take place inside another double for-loop where the current pixel is addressed.  

The quadruple for-loops structure is instructive to understand the filtering process.  

Using for-loops is very unefficient in MATLAB.  The calculation should be vectorized to speed up the process. This is done in the MATLAB filtering functions like imfilter() and others.    

a) Smoothing filters ( Lowpass filters )
Averaging filter  

Study the structure of the Lab3a.m file which implements an averaging filtering process.  

Run the Lab3a.m m-file and include the results before and after filtering in the report.  Comment the results.

Make another m-file Lab3a_1.m where you use the same filtering technique to average filter

the image figurer.bmp  which is supplied with this labtext.   It is a good idea to convert the 

image to class double after it is read.  Run the m-file. Include the m-file, results and comments in the report.

Make another m-file Lab3a_2.m where you do average filtering of the same the same image.

This time you shall use the MATLAB function fspecial() to create a 7x7 averaging  mask,

and imfilter()  to do the filtering.  Run the m-file. Include the m-file, results and comments in the report.


Gaussian filter

Copy Lab3a.m to a new file Lab3a_3.m  where you define directly the gaussian mask.

Remember til division factor of 16.  
Run the m-file. Include the m-file, results and comments in the report.

Copy Lab3a_2.m to Lab3a_4  where you do gaussian filtering of the same the same image

using the MATLAB function fspecial() to create a 7x7 gaussian mask, and imfilter()  to do the filtering.  Run the m-file. Include the m-file, results and comments in the report.

b) Edge enhancement   ( Highpass filters )  
Laplacian filter  

Copy Lab3a.m to a new file Lab3b_1.m  where you define directly the Laplacian mask with 

-8 in the senter position and the rest are ones.

Run the m-file Include the m-file, results and comments in the report.

Make another m-file Lab3b_2.m where you use the same filtering technique to Laplacefilter  

the image figurer.bmp.  Run the m-file. Include the m-file, results and comments in the report.

Make another m-file Lab3b_3.m where you do laplacian filtering of the same the same image.

This time you shall use the MATLAB function fspecial() to create a 3x3 laplacian mask, with alpha=0.5  ( default value).  Multiply the mask with 3 to the same mask as in Lab3b_1.m.

Use imfilter()  to do the filtering.  Run the m-file. Include the m-file, results and comments in the report.

c) Image sharpening  
Make an m-file Lab3c_1.m where you subtract the resulting image in Lab3b_2 from the image itself.  This is based on the formula:  
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Run the m-file, include and comment the results in the report.

Increase the influence of the original image by using a multiplying factor A:
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  .  This is called high-boost filter.  Run the m-file with different A-values on the image chestXray.tif.  Include the m-file, results and comments in the report.

NONLINEAR SPACE FILTERING

A well-known nonlinear filter is the class of order-statistic filters or rank filters.  They are all bases on a sorting process of the neighboring pixels by their pixel-values ( gray-levels).  

In the group of order-statistic filters, the median-, min- and the max- filters are most popular. 

Another type of nonlinear filters are morphological filter which we will come back to later.

d) Nonlinear filters
Median filter

Make an m-file Lab3d_1.m  where you read the Figurer.bmp image.  Then you use the MATLAB imnoise() function to add lots off salt & pepper noise on the image.  Show the resulting image.

This image shall now be cleaned as much as possible by using the medfilt2() function.

Include the m-file, results and comments in the report.

Edge enhancement using Min and Max filtering

Make an m-file Lab3d_2.m  where you read the Figurer.bmp image.  Convert it to class double.

Use the ordfilt2() to perform a Max-filtering and a Min-filtering of this image.

Subtract the Min-filtered image from the Max-filtered image.  You are now supposed to see a egde-enhanced image.  Include the m-file, results and comments in the report.
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