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LAB 1: 
Get familiar to MATLAB and its Image Processing Toolbox ( IPT ) 

Introduction

Aim

The aim for the lab is to get familiar to MATLAB and its IPT Toolbox.  You shall learn how an intensity image ( gray-scale image ) is built up, and operations related to the whole image and parts of the image.    


Lab organization

The labs are done preferably in groups of 2 persons.  Single-person groups are allowed.

The groups hand in one report for each lab. project.  The reports are to be written in WORD and submitted via It’s learning.  Files required by the lab-text are attached.

The reports shall be easy readable for a person who knows the lab-text.  
Normally image size should be restricted to 256x256 to avoid overloading of “It’s learning”


Theory 

Gonzalez/Woods/Eddins: Digital Image Processing using MATLAB.  Chapter 2

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

Image Processing Toolbox.  

a.
Simple introduction to standard MATLAB

For students unfamiliar to standard MATLAB.  No report required.

Start MATLAB 7.0 using the icon.   

The screen is divided in 3 windows:  

· Command Window    
 Recognized by the cursor >>  which shows the active line.
 




 Here you can write MATLAB commands.

· Command History Window  Here you can see former commands.

· Directory Window
 
Shows the content of the current directory


At the bottom of the Directory Window you can toggle between the Directory Window and the Workspace Window

· Workspace Window

Here you can see the variable you have created after startup
                                            or after a clear command

Select  Help>demos  from the top menu.

Run the demo:
MATLAB/Mathematics/Basic Matrix Operations

At the top of the MATLAB screen is a long white field showing current directory and with possibilities to browse your file structure.  Change to your preferred working directory. 
Switch to Workspace Window instead of the Current Directory window.

Write  1+2  return on the active line in the command window.  The answer will be calculated and put into the variable ans ( answer ) and the result is shown in the command window.  The command 1+2 is also shown in the command history window.  The variable ans can now be seen in the workspace window. 

Write   a = 1+2 return    The same happens, but the resultat is now put into the variable a. 
Write  b = a+3;  return   In the workspace we can se that the variable b er is created.  The semicolon stops the printout on the screen ( echo to screen).

Write b=b+3 retur    The answer shows that MATLAB is using a dynamic equal sign.

Try also   
multiplikasjon    b*a    

division              b/a

power
         b^a 

Write help sin    
You will get information about the library function sin, i.e:  sinus().
Try also doc sin  
You will now get full listing from the manual about the function sin.

Go through the following list in the given order, and check the results.  
Remember that MATLAB is case letter sensitive.

A=[ 1 2 3  ;  return        Defines a matrix with 2 rows and 3 columns

        0 1 2 ]  return        ( can also be written as  A=[ 1 2 3  ;  0 1 2 ]  retur    )  



A(2,3)  return
 

  Writes lower write element to screen          



   
  ( notice that indexing starts at 1 !  )

size(A) return


  Gives dimension of variable A.   I.e:  Number of rows and columns


   

B=A.'  return 


  B is A transposed.  Rows becomes columns and vica verca.  
C=A*B return


  Matrix multiplication ( Is also called dot product or scalar product ) 





   
d=2;  




  We define a constant d og give it the value 2
  







  

D=A+d  return

  Perform  D(i,j)=A(i,j)+d  for all i’s and j’s.





   

E=A*d  return


  Performs  E(i,j)=A(i,j)*d  for all i’s and j’s

Notice the dot after A in the next operations:

The dots makes the operation to be done between elements in the same arrayposition



   

F=A.*D return

Array multiplication   F(i,j)=A(i,j)*D(i,j) for all i’s og j’s.

G=A./D return  
      Array division.            G(i,j)=A(i,j)/D(i,j)  for all i’s og j’s


                  

H=A.^D return

Array power

      H(i,j)=A(i,j)^B(i,j) for all i’s and j’s 


   
I=[0:2:10] return 

Makes a row vector with values from 0 to 10 in steps of 2




   
I=0:2:10 return

Shortform of same command









   
p=0:10 return


Shortform if you have steps of 1






for q=1:10  Y(q)=cos(q);  return 

Make a vector using a for- command




            

end  retur

Y retur




Shows the result

Vectorised version:

Z=cos(p)  retur 

MUCH quicker and also easier to write.    







Rule:  Avoid for – commands if possible

t=linspace(0,10,9) return  Makes a row vector with 9 values from 0 through 10 


w=2*pi/10;

plot(sin(w*t);             Plot a sinus timefunction from 0 to 10 seconds.

A=zeros(2,3)

zeros() is a library function which produces a matrix of 0-es

Here  we get a  0-matrix of size 2x3

A=ones(2,3)

ones() is a library function that produces a matrix of 1-s.

Try also the commands:  
who       What happens in the commandwindow

clear      What happens in the work space

No documentation.

You will find lots of introductions to standard MATLAB on the web.

See also the pointer field (No: pekere) in It’s learning.

b. Introduksjon til IPT – Image Processing Toolbox

No report required.

Read the chapters 2.2  through 2.6 in Gonzalez/Woods/Eddins textbook.  The images used in Chapter 2 of the textbook is provided along with this lab.text on “It’s learning” .

Try also the vector and array indexing described in chapter 2.8

Start the MATLAB Editor from the top menu:  File>New (m-file)

Write a serie of MATLAB commands in the editor.  If you write more than one on the same line, they have to be separated by semicolon.  Try to write some comments between a %-sign and the end of the line.  Save the m-file in your current directory, while giving it a name. ( This is a simple m-file, not a m-file function ).

Start executing the m-file from the command window by writing the filename WITHOUT the filename extension (.m).  Watch the serie of commands being executed. 

c. Matrix indexing  

Select an image which has objects covering most of its area ( like lena256.jpg )

By using array indexing you shall

1. Display an image which is the mirror-image of your selected image
( left and right pixels on each side of the vertical mid-line has switched.

2. Display a sub-image of the original image.  The sub-image shall be from the internal areas of original, and of roughly ¼ in size.

3. Make a plot that shows the intensity along a single column in the original image.  

You save a lot of work by writing your commands in a m-file.  Then you don’t have to write all commands over again when you are doing mistakes.  

Include the original image and the derived images and plot in the report.  The indexing command shall be written next to the corresponding image. 

Images in figure boxes can be cut out using (Figure box) Edit > Copy Figure and pasted into the WORD report. 

d. Some Aritmetic Operations  

You shall now select a small subimage of B and place it in the same position in A by using arithmetic operations.  

You are first supposed to make a template image ( no: bilde-mal )  of class logical. The 1’s in the template image shall represent the position of the subimage  ( Often called ROI – Region of Interest ).  Make also a complement template image where 0’s and 1’s  have changed position. Use the function imcomplement().  Always first check how the function operates by typing help functionname or doc functionname.  Now you can multiply image B and the template by using immultiply() and you can multiply image A with the complemented template.

At last you can add these two resulting images.  

If you make a m-file as in section c, it can be a good idea to show each new image on a new figure and to insert the command pause at after showing a new image. The m-file will then stop execution at these positions.  You start the execution again by pressing any key. End the m-file with the command close all.  This will delete all figures.

Include the images and corresponding text in the report.

e. M-functions  

Follow the guidelines in Chapter 2.10.1 and make a MATLAB  m-function.

The function shall do the same as the first problem in section d:  

Select two images A and B of same size and of class uint8.  You shall select a small subimage of B and place it in the same position in A. 

Read chapter 2.10.5 Interactive I/O and make the m-function ask for input to locate the region of interest.

Include the m-file, the images and corresponding text in the report.
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