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BLOCKS5 LABORATORY MANUAL

Programming cannot be learnt by just reading books. It can be learnt only by
constant practice, by creating, compiling and executing programs. Because of this,
we have a substantial practical component for this course. You will recall that in
the 70% marks carmarked for the term end examination, 50% is for theory and
20% is for practicals. In the 30% of the continuous assessment, 20% is for the
assignment and 10% is for practical component. This lab manual will serve as a
guide for the practical component. This lab manual consists of two units and ten
lab sessions.

Unit 15 of this manual is an introduction to Scilab. It lists various steps to download
scilab environment and discusses basic commands of scilab related to various
computations, matrices, plot, etc.

In Unit 16, we discuss the important tool box of scilab known as Scilab Image and
Video Processing (SIVP) toolbox. We are giving the steps to add on this tool box
in your scilab environment. We also discuss the various command available in it
for image processing.

This course has 10 practical sessions of 3 hours each. We are giving the sessions
with list of programs you have to write in each of the 10 sessions along with
instructions. In some of the sessions, input/output are also given.
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INTRODUCTION TO SCILAB‘

Structure Page No.
15.1 Introduction 93
Objectives
15.2 Downloading & Installing Scilab 94
15.3 How to Start Scilab 98
15.4 Scilab Menu Bar 100
15.5 Function using Scilab 102
15.6 Matrices using Scilab 105
15.7 Looping and Branching 112
15.8 Plotting through Scilab 114
15.9 Summary 115

15.1 INTRODUCTION

Scilab is a programming language and has many algorithms available
for numerical computations and scientific computations. Scilab is an
open source application and is an alternative to MATLAB. Here is a list
of features of Scilab:

e It is open source software which can be downloaded and installed
without any restriction and the user does not pay for it.

e Operating systems like Windows, Linux and MAC are used to run
scilab.

e The development processes are faster as Scilab directly uses the
access of high level languages.

Scilab was created in 1990 by researchers of French Institute for
Research in Computer Science and Automation. Initially, it was named
as ylab.

This unit provides you an introduction to Scilab. We shall also discuss
some basic operations performed using Scilab such as working with
matrices, functions, plotting functions etc.
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And now, we will list the objectives of this unit. After going through the
unit, please read this list again make sure you have achieved the
objectives.

Objectives

After studying this unit you should be able to
o download and install Scilab in WINDOWS

o compute various functions
o perform operations on matrices etc.
o perform numerical computations

o plot 2D graphs

15.2 DOWNLOADING & INSTALLING SCILAB

You can easily download Scilab on different operating systems such as
GNU/Linux platforms, Windows 2007/XP/VISTA platforms, MacOSX
10.5 Intel platforms. Scilab is distributed freely and is available on open
source. Scilab is currently being used in educational and industrial
environments around the world, Scilab includes hundreds of
mathematical functions.

The home page of Scilab is www.scilab.org. Here is the stepwise
procedure for downloading and installing Scilab in WINDOWS.

Step — I: (Downloading the Scilab): Search for download Scilab on
any of the search engine e.g. google, yahoo, etc. You will get the
window in google, given in Fig. 1:

Go gle download scilab 4 Q

icense respecting the rules of distribution of free software. Please
nse before downloading Scilab

Scilab 5.5.2 sources
Scilab 5.6.2 - Scilab 6.0.0-alpha-
rements Sources - targz format. 69.63 ...

Fig 1: Search Engine results for Scilab

Now select www.scilab.org/download in the window given above and
double click it. You will get the window as shown in Fig. 2:

qunlqad Scilab

Open source saftware for numerical computation

Lfl - []in] 18]

Scilab

Fig 2: Downloading Scilab
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You are seeing an arrow on which Download Scilab is written.
Double click the arrow. It will start downloading scilab. When the
download is complete you will get the window shown in Fig. 3:

Open File - Security Warning L&J

Do you want to run this file?

@ Mame: Ch\Users\deepika\Downloads\scilab-5.5.2 (1).exe
Publisher: Scilab Enterprises
Type: Application

From: Ch\Users\deepika'Downloadsiscilab-5.5.2 [L).exe

Run | [ Cancel ]

/| Always ask before opening this file

| o i While files from the Intemet can be useful. this file type can
" ﬁ patentially ham your computer. Only run software from publishers
you trust. What 's the risk?

Fig 3: Run exe file

Step - IlI: (Installing Scilab): Select Run. It will open select start menu

folder where the application to be saved as given in the window of
Fig. 4:

—
B sep-scisbss2 0 N =g =)
Select Start Menu Folder
Where should Setup place the program's shortcuts? S:iﬁ

h Setup will create the program's shorteuts in the following Start Menu folder.

To continue, dick Next. If you would like to select a different folder, dick Browse.

scilzb-5.5.2] | Browse...

I < Back ]| Next > || Cancel

Fig 4: Selecting folder

Click on the button marked Next in the window for select start menu
folder in Fig. 4. It will open scilab setup (Fig. 5):

Setup - scilab-5.5.2 (= - )

Welcome to the sdlab-5.5.2 Setup
Wizard

This will install scilab-5.5.2 on your computer.

Itis recommended that you close all other applications befare
continuing.

MM Click Next to continue, or Cancel to exit Setup.
.

Fig 5: Setup wizard

Now, you can see the setup wizard in Fig. 5. Click again on Next button. This
will bring up the license agreement window shown in Fig. 6:
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B Setup - scilab-55.2

License Agreement
Please read the following impartant information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

CeCILL FREE SOFTWARE LICENSE AGREEMENT

Version 2.1 dated 2013-06-21

Motice

is Agreement is a Free Software license agreement that is the result
of discussions between its authors in order to ensure compliance with
the two main prindples guiding its drafting: X
(@ I accept the agreement

(71 I do not accept the agreement

< Back ][ MNext = ][ Cancel

Fig 6: License agreement

Accept the terms of the license agreement. Select and press Next after
selecting ‘I accept the agreement’, and get the window as given in

Fig. 7:

B Setup - scilab-55.2

Select Destination Location
Where should scilab-5.5.2 be installed?
Setup will install sclab-5.5.2 into the following folder.

To continue, click Next. If you would like to select a different folder, dlick Browse.

Browse... |

[] Installation without an Internet connection

At least 89, 1 MB of free disk space is required.

| < Badk ” Next > l‘ Cancel |“

Fig 7: Selecting Destination Location

Select designation location gives you an opportunity to select the
desired location for saving the application. You may enter the
destination location and press next. It will take you to window shown in

Fig. 8:

Setup - sciiabe.g- S L=l
e —
Select Components
Stiﬁ

Which components should be installed?
Select the compenents you want to install; dear the components you do not want to
install. Click Mext when you are ready to continue.

v

Current selection requires at least 430.0 MB of disk space.

About modules ...

I < Back ][ Mext = ]{ Cancel

Fig 8: Selecting Components

Sdlab 5.5.2 85.1ME =
Graphic User Interface 127.8MB[ |
Graphics Module 12.3MB £ ‘
cos 17.4MB |
Scinotes: Text editor for Scilab 0.7 ME |
Java Runtime (1.6.0_41) 97.4MB
P Optimization for Scilab 0.2MB
@ Download Intel Math Kernel Library for Scilab 0.1ME |
Has Librarv for Scilab 7.4MB T

Here, you see a list of components, from which you can choose
required components or can continue with the default ones. Again press

Next to get the window shown in Fig. 9:
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m{up = sci‘l‘ab—S.
8 . —

Select Start Menu Folder
Where should Setup place the program's shortcuts?

= i Setup will create the program's shortouts in the following Start Menu folder.

To continue, dlick Next. If you would like to select a different folder, dick Browse,

Browse. ..

1|

[ < Back ][ Mext > ][ Cancel ]

Fig 9: Selecting start menu folder

Once again press Next, you will get a window, which provides you
options to select additional task, if any. You can always select for the

default ones as shown in Fig. 10:

L )

E Setup - scilab-5.5.

Select Additional Tasks
Which additional tasks should be performed?

then dick Next.

Additional icons:

[¥] Create a desktop icon

Files Assodiation:

[/] Associate *.sce,*.sd files with Scilab

[¥] Assodiate =.tst files with Sclab

|¥] Associate = xcos *.cos *.cosf = zcos files with Scilab

[¥] Assodiate *.sod files with Sdlab

Select the additional tasks you would like Setup to perform while installing scilab-5.5.2,

s

[ < Back |[ Next > ][ Cancel |

Fig 10: Selecting Additional Tools

After selecting additional tools for additional tasks, select and press
next. You will come across another window ready to install as given in

Fig. 11:

o
. —

==

Ready to Install
Setup is now ready to begin instaling scilab-5.5.2 on your computer,

Click Install to continue with the installation, or dick Back if you want to review or

change any settings.

Destination location:
C:'\Program Files\sdlab-5.5.2

Setup type:
Full installation

Selected components:
Sdilab 5.5.2
Graphic User Interface
Graphics Module
Xcos
Sdnotes: Text editor for Sclab
Java Runtime (1.6.0_41)

5o/

»

 ——

[ < Back ][ Install

] [ Cancel

Fig 11: Install Command

Again press Next. This will open installing window as shown in Fig. 12.

Please walit till the installation is complete.
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= —
B setup-sciabsso 0 8 x|
=== TN ——
Installing
Please wait while Setup installs scilab-5.5.2 on your computer, Sciﬁ

Extracting files. ..
C:\Program Files\scilab-5. 5. 2\java\JREVib\zi\Europe \Uzhgorod

Canicel
J

Fig 12: Installing Scilab

You will now see the completing setup wizard window given in Fig. 13
with message to click finish to exit setup.

L —

& Setup - scilab-3.5.2

Completing the sclab-5.5.2 Setup
Wizard

Setup has finished installing sclab-5.5.2 on your computer.
The application may be launched by selecting the installed
icons.

Click Finigh to exit Setup.

[¥] Launch Scilab

Finish

Fig 13: Completion of Installation

Press finish now. Scilab has been downloaded and the installation
procedure is complete.

You will see the Scilab shortcut icon on the desktop as shown in
Fig. 14.

Fig. 14 Shortcut icon of the Scilab

Now, you have successfully installed Scilab but later we shall be adding a
toolbox called SIVP, which will be discussed in unit 16.

Next we shall see how to start Scilab.

15.3 HOW TO START SCILAB

There are several ways in which the Scilab can be used. For example,
98 Scilab can be started using the console window of Scilab in an
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interactive mode. You can also start Scilab by using the exec function
against a file. Scilab can also be started by using batch processing. You
can start Scilab by any of the listed method. In this unit, we are going to
starting Scilab by using the console window.

In console window, commands are typed, results are analysed and
process is continued till the final form of the output in terms of result is
computed.

To start Scilab, double click on the shortcut of the Scilab icon and
launch the Scilab window which is called console window, as shown in
Fig. 15. You will enter Scilab commands at the prompt (——>).

Elal, | e ¢ |w| R

Fig 15: Starting with Scilab

So far we have discussed installation of Scilab and starting Scilab. Let us now
discuss the commands to be used in Scilab. Scilab can be used as a simple
calculator to perform numerical computations. It also has the ability to define
variables and store values in them so that they can be used later.

Let us demonstrate some examples.

Example 1: Type x = 1 followed by Enter key, followed by y = 2 followed by
Enter key, followed by x*y. On the Scilab window, the commands would
appear as follows. You can also see that the result 2, is displayed by Scilab.

— — x = 1 [Create and set a real variable x to 1]
X =
1
— — y = 2 [Create and set a real variable y to 2]
X =
1
— — z = xxy [Performing multiplication on variables]

7 =

2

Example 2: — — 2 + 3
ans -—
5.
— — 2/3
ans -—
. 666667
—— 273
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It may be noted here that Scilab creates a variables named “ans” to
store results of calculations whenever we do not supply a variable for
this.

Here is a list of some elementary mathematical operators:

Table 1: Some Mathematical Operators

Operations Symbol used for
Addition -
Subtraction -
Multiplication %
Division /
Power Transpose .
Conjugate ,

We have so far been discussing examples where Scilab is used to
compute numbers. Scilab can manage different kind of data, digital
images, etc. In the unit 16, we shall discuss how to analyse an image.
As you know, a digital image is an array of numbers represented in a
matrix. In fact, every digital object, text, images, sound, video or
software ultimately boil down to numbers, to be specific, zeros and
ones.

Now we discuss some very basic features of the Scilab environment
which are helpful in working with Scilab effectively and efficiently.

¢ In Scilab, a command line is entered by typing after the prompt or by
copying it from other windows to the prompt in the Scilab window.

e To delete characters of a command, we use backspace.

e We can also use left and right arrow keys to move back and forth
along the command and insert (by typing) or delete (by using the
delete key) specific characters.

e The Up and Down arrow keys help us move back and forth among
previous commands of the current session, enabling command
history management.

e We can enter more than one command on the same line by
separating the commands by semicolons (;).

For example, — — a = 5; b = 2.

In addition, the following key shortcuts are also supported by Scilab:

o Ctrl-a move to beginning of line

o Ctrl-b move backward one character

o Ctrl-c interrupts Scilab and pause after carriage return.
Clicking on the Control/stop button enters a Ctrl-c.

o Ctrl-d delete one character (at cursor)
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. Ctrl-e move to end of line

. Ctrl-f move forward one character

o Ctrl-h delete previous character

. Ctrl-k delete to the end of the line

. Ctrl-n recall next line

o Ctrl-p recall previous line

. Ctrl-u cancel current line

o Ctrl-y yank the text previously deleted

Now in the following section, we shall discuss Scilab menu bar.

15.4 SCILAB MENU BAR

The scilab window always displays a menu bar with the following
menus: file, Edit, control, applications, ? and toolbox. Let us see the
features available in these.

File Menu

The file menu has the following menu options which are self-
explanatory. These are identical to File menus in most other generic
application software as shown in Fig. 16:

B ss2cmse N T
[File] edit Control Applications ?
Execute. ik J| K | & @

Ctrl+0 —_ —
CtrisL
Ctrlss.

Ctri+P.

Quit CtrivQ |
Fig 16: The File menu
Edit Menu

The common edit options like Cut, Coy, Paste, and Empty/Clipboard &
Select all are available in this menu. The list of edit menu is given in
Fig.17.

I s 532once I

File Edit Control Applications ?
[# | % cut cul-x B || & @
[ Copy Ctrl+C
G Paste Ctrl+V
sta

2
11 Empty clipboard

oz ] Selectal C1+A Lo Brocessing Toolbox

Show/Hide Toolbar

Clear History

%> Clear Console

5 Preferences

Fig 17: The Edit menu
Control Menu

The control menu includes Interrupt, which interrupts execution of

Scilab and enters in pause mode; Resume, continues execution after a

pause entered as a command in function or generated by the Stop

button or Control C and Abort, which aborts execution after one (or

several) pause, and returns to top-level prompt. All these are shown in

Fig. 18: 101
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Fig 18: The Control menu
Applications Menu

We can use Editor, Scicos, Matlab to Scilab translator or Variable Editor
in the Applications menu as shown in Fig. 19:

file Edit Control Applications ?

ZE| 5% [0 (# scNotes )

Fig 19: The Applications menu
? Menu

This menu presents interesting option Scilab Demonstrations. Selecting
this will displays a large number of demos in various areas which are
very useful for the beginners. The list of demos is shown in Fig. 20. The
required demo can be selected and viewed.

Bsess2cens: T T T

File Edit Control Applications ?
% B &% % | 2@ scilabHelp m

& Scilab Demonstrations — — - . -~ - u 1

Links
Scilab Enterprises

About Scilab... Shift+F1

Fig 20: The ? menu

Toolboxes

Tool boxes are a collection of specialized commands/functions catering
to specific area. To use any tool box, it has to be downloaded and
installed. See the following screenshot of Scilab with SIVP installed.
The tool box can be launched by clicking on the menu option in the
Toolbox Menu.

In the following sections, we shall discuss various other functions and
their operations done in Scilab.

15.5 FUNCTION USING SCILAB

Before we start discussion on various functions, let us discuss about
name of the variable.

Variable name can be as long as you want. Scilab is case sensitive,
therefore upper and lower case letters are considered differently. For
example N and n are two different variables.
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If any comment is to be added which is to be ignored while processing,
it is started with “//”.

For example
-—> // this is example.

Scilab uses the following inbuilt mathematical functions:

sin cos tan cot cosec sec

sinh  cosh tanh coth cosech  sech
exp log log 10 log 2 logm max

min modulo sign sqrt

Let us now discuss few examples on these:
For example:

Example 3: — — x = sin (2)

x =
0.9092974
— — y = cos (2)
y =
- 0.4161468

— > x2 + y2
ans =

1.

Complex numbers are stored in pairs of floating point numbers. The

pre-defined variable % i represents the imaginary number i for which
=
For example,
— > x=2+%i
=
L+ i

Complex numbers are shown by following functions:

Real part real
Imaginary part imag
Multiplicating by i imult

Strings can be stored in variables. In the following example you will
understand it.

For example,

Example 4: — — x = “string”
X =

string 103
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Example 5: (Concatenation)

— — x = “tool”
X =
tool
— — y = “box”
X =
box
— > x+y
ans =

toolbox

Again, you may note that, ans variable has been used whenever we
make a computation and do not store the result into an output variable.
To define a new function, we use the function and endfunction which
are Scilab keywords. Let us take an example by defining a new function
named myfunction, which takes the input argument x, multiplies it by 2,
and returns the value in the output argument y.

function y = myfunction ( x )
y =2 * X

endfunction

The statement function y = myfunction (x) isthe header of the
function while the body of the function is made of the statement y = 2 *
x. The body of a function may contain one, two or more statements.

There are at least three possibilities to define the previous function in Scilab.

e The first solution is to type the script directly into the console in an
interactive mode. Notice that, once the “function y = myfunction (x)”
statement has been written and the enter key is typed in, Scilab creates a
new line in the consle, waiting for the body of the function. When the
“endfunction” statement is typed in the console, Scilab returns back to its
normal edition mode.

e Another solution is available when the source code of the function is
provided in a file. This is the most common case, since functions are
generally quite long and complicated. We can simply copy and paste the
function definition into the console. When the function definition is short
(typically, a dozen lines of source code), this way is very convenient. With
the editor, this is very easy, thanks to the Load into Scilab feature.

e We can also use the exec function. Let us consider a Windows system
where the previous function is written in the file “C: \myscripts\examples—
functions. sce". The following example shows the use of exec to load the
previous function.

-——exec (“C: \myscripts\examples—functions. sce")
-—function y = myfunction ( x )
-— y = 2 *X

——endfunction
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Now, let us discuss the operations on matrices.

15.6 MATRICES USING SCILAB

Matrices play a central role in image processing. The basic data type is
the matrix which requires the number of rows, the number of columns,
the type of data.The data type can be real, integer, boolean, string or
polynomial. When two matrices have the same number of rows and
columns, we say that the two matrices have the same shape.

Matrix operations that are built-in into Scilab are addition, subtraction,
multiplication, transpose, inversion, determinant, logarithmic,
exponential and many others.

There is a simple and efficient syntax to create a matrix with given
values. The following is the list of symbols used to define a matrix.
* square brackets “[“and”]” mark the beginning and the end of the

maitrix,
*commas ” ,” separate the values in different columns,
* semicolons “ ; ” separate the values of different rows.

The following syntax can be used to define a matrix, where blank
spaces are optional (but make the line easier to read) and “ ... ”
denotes intermediate values:

A = [all, al2, ..., aln; a2l, a22, ..., a2n; ...; anl, an2,
..., annj.

For example, we create a 2x3matrix of real values.

—A =11, 2, 3; 4, 5, 6; 7, 8, 9]
A=

Several Scilab commands allow to create matrices from a given size,
i.e. from a given number of rows and columns. The most commonly
used are eye, zeros and ones. The identity matrix is represented by eye.

These commands take two input arguments, the number of rows and
the number of columns.

The matrix with each element 1 is represented by the function ones.

For example,

-—A = ones (2, 4)
A =

105
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The identify matrix is represented by eye.
For example,

-—A = eye (3, 3)
A =

0

A diagonal matrix can be created as follows:

-

eye (3,3) % 5,

- =

5
0
0

oS o1 ©

0
0
5

The zero matrix: A zero matrix can be created by using zeros.

-—A = zeros (3,4)

A =
0 0 0 O
0 0 0 O
0 0 0 O
0 0 0 O

Similarly ones function creates the matrix with all elements being 1. For
example,

-—A = ones (2, 3)

The size function returns the number of rows or the number of columns
of a matrix.

nt = size (A , sel)

where, sel has to be given values:

° sel =1 or sel ="r", returns the number of rows,
° sel =2 or sel ="c”, returns the number of columns.
° sel ="*"  returns the total number of elements, that is, the number

of columns times the number of rows.

We use the size function in order to compute the total number of
elements of a matrix.
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For example, -— size (A, “%7)
ans =

6.

Transpose of a matrix is shown by * .

For example,
-——>a=1[1, 2, 3;: 4, 5, 6]
-— b =a’
-—> b =

1
2
3
Operations in matrices are done in the following way:

e a + baddsatob provided a and b are of same size.
e a - b gives subtraction of b from a, if both a and b are of same size.

e a * b give product of two matrices a and b, if they are computable to
multiply.

e inv (a) inverts matrix a, if a is positive definite. A warning is
displayed is not.

e det (a) gives determinant of matrix a, provided a is a square matrix.

e log (a) returns a matrix, where each element is log of the
corresponding element of matrix a.

e a. * bgives element by element multiplication.
e a 2givesa * a,if ais square matrix.

e a. 2 gives element by element square.

There are several methods to access the elements of a matrix A:

o the whole matrix, with the A syntax
. element by element with the A(i , j) syntax,
o a range of index values with the colon “:” operator.

Now let us demonstrate by taking a few examples:

Example 6: ——A = ones (2, 3)

A =
1. 1. 1.
1. 1. 1.
-—B =2 % ones (2, 3)
B =
2 2. 2
2 2. 2

,_)A+B 107
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Example 7: ——A = ones (2, 3)

A =
. 1. L
. 1. L
—A (1, 1)
ans =
1.
-—A (12,1)

!—error 21
Invalid index
—A (0,1)

l—error 21

Invalid index.

Example 8: ——A = ones (3, 3)

A =

1. 1. 1

1. 1. 1

1. 1. 1

-—B = + 3*eye()

B =

4. 1.

1. 4 1.

1. 1 4.

Example 9: ——A = ones (2, 2)

A =
1. 1.
1. 1.
-—B = eye (A)
B =
1. 0.
0. 1
Example 10:-——A = [1 2
-—3 4]
A =
1.
3.

108 -—B =[5 6
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-—7 8]
B =
5.
7
-—A + B
ans =
6. 8
10. 12

Example 11:—A = [1 2

-——3 4]
A =
1. 2.
3. 4
A+ 1
ans =
2. 3.
4. 5
Example 12:—A = [1 2
-—3 4]
A —
1. 2.
o 4
A+ 1
dlls &
. 3.
4. 5

The addition is possible only if the two matrices are conformable to
addition. In the following session, we try to add a 2x3matrix with a 2x2
matrix and check that this is not possible.

Example 13: —A = [1 2

-—3 4]
A =
1 2.
3. 4.
—B=1[1 2 3
-—4 5 6]
B =
1.
4

~SA + B 109
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! — error 8

Inconsistent addition.

In the following example, an unsymetric matrix of doubles containing
complex values is used, so that the difference between the two
operators is obvious.

Example 14:—A = [1 2; 3 4] +%i =* [5 6; 7 8]

A =
I. +5 .1 2. +6.1
3. + 7 .1 4. + 8. 1
——A
ans -—=
-5 1 3. = i
2. —6. 1 - 1
——A
ans =
. +5. 1 3. + 7.1

2. +6. 1 4. + 8. 1

In the following example, we define an unsymetric matrix of doubles
containing real values and see that the results of the ““ “and “. * “ are
the same in this particular case.

Example 15:—B = [1 2; 3 4]

B =
1 2.
4.
-—>B ¢
ans =
1 2.
4.
—B.
ans =
1. 3.
4.

In the following example, we multiply the column vector u by the row
vector v and store the result in the variable A.

Example 16:—u = [1

-2
-—3]
u =
L.
2.

110 3.



Unit 15

v =
4. 5. 6
——>UuXv
ans =
0. 6.
. 10. 12
12. 15. 18.

In the following Scilab example, we create a matrix A and test if
elements are more than 3 or less than 3.

Example 17:—A = [1 2 7

-—6 9 8]
A =
1.
6.
-—A>3
ans =
F F T
T T T
-——>B =104 5 6
-—7 8 9]
B =
4.
7
-—A>B
ans =
F F T
F T F
-—or (A>B, “r”)
ans =
F T T

In Scilab, it is possible to generate a vector given a range of numbers.

e a = [ 1: 6] creates a vector with 6 elements as follows:
[ 1, 2, 3, 4, 5, 6]

e b =1[0:0. 5:5] creates a vector with 11 elements as follows:
[0, 0.5, 1.0, 1.5, .....4.5, 5.0].

e rand (4, 5) * 100 generates elements are generated as random
numbers.

Introducing to Scilab

111
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In the following section, we shall discuss looping and branching.

15.7 LOOPING AND BRANCHING

In this section, we describe how to write conditional statements.

The if statement

The if statement allows to perform a statement if a condition is
satisfied. In the following script, we display the string “Hello!” if the
condition %t, which is always true, is satisfied.

If ( %t ) then
disp ( “Hello !7)
end

The previous script produces:
“‘Hello!”

If the condition is not satisfied, the else statement allows to perform an
alternative statement, as in the following script.

If ( %t ) then
disp ( “Hello !7)
else
disp( “Goodbye !” )
end

The previous script produces:

Goodbye !

In order to get a boolean, any comparison operator can be used, e.g.
“==" 7" etc... or any function which returns a boolean.

In the following example, we use the “==" operator to display the
message “Hello !”.

For example,
i=2
if (1 ==2) then
disp (“Hello !”)
else
disp ( “Goodbye !”)

end

The Select Statement

In the following script, we want to display a string which corresponds to
112 the given integer 1i.
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For example,

i=2
select i
case 1

disp ( “One” )
case 2

disp ( “Two” )
case 3

disp ( “Three” )
else

disp ( “Other” )
end

The for statement

The for statement allows to perform loops, i.e. allows to perform a
given action several times.

For example: In the following Scilab script, we display the value of i,

from 1 to 5.
for i =1 :5
disp (i)
end

The while statement

The while statement allows to perform a loop as long as a boolean
expression is true.

In the following script, we compute the sum of the numbers i from 1 to
10 with a while statement.

For example:
s = 0
i =1
while ( i<= 10 )

end

At the end of the algorithm, the values of the variables i and s are:
s =
55.
1 =

11. 113
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In the next section we show how plotting can be done in Scilab.

15.8 PLOTTING THROUGH SCILAB

Let us learn to plot simple graphs. We first have to generate the data to
be used for the graph. Let us assume we want to draw the graph of cos
(x) and sin (x) for one full cycle (2rradius). Let us first generate the
values for the x-axis with the following command:

—>x = [0 : % pi/16:2 * % pil:

In the above command, % pi is a predefined constant representing the
value of . The command requires a start value, an increment and an
end value, which are 0, n/16 and 2z respectively in the above example.
Increment is optimal. If not given, it takes default value 1.

Now let us create the value for y-axis.
——y = [ cos (x) sin (x)];
For plotting these, we use
-—plot 2d (x,y)

Scilab can create x-y plots with the plot function, contour plots with the
contour function, 3D plots with the surf function, histograms with the
histplot function and many other types of plots.

In order to get an example of a 3D plot, we can simply type the
statement surf () in the Scilab console.

-—surf ()

The various functions used to plot are given below:

plot 2D plot

surf 3D plot
contour contour plot
pie pie chart
histplot histogram
bar bar chart

Let us see simple instances such as plot (x,y) which plots the variable x
against y, with default graphic settings.

-—>x=[10, 12, 14, 16, 19]
5 =
10. 12. 14. 16. 19.
-—vy=[1, 2, 3, 4, 5]
y =
1. 2. 3. 4. 5.
—>plot 2d(y, x)
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Let us see the output of the plot in the following Fig. 21.

| ]

# Graphic window number 0

File Tools Ed
B &Q TV @

Fig. 21: Plotting (y,x)

You may note that the window title bar displays “Scilab Graphic number
(0)”. Scilab can open up 20 such windows at the same time.

Let us see more examples.

Example 18: Plotting sine function.

—>x=[0: 0.1: 6.28];
—>plot2d(sin(x))

The output is shown in Fig.22.

I Graphic window number 0

Fig. 22: Sine Function

Now let us summaries what we have studied in this unit.

15.9 SUMMARY

In this unit we have discussed following points:

1. The applications of Scilab.
2. Installation of Scilab.
3. Getting started with Scilab. 115
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Basic command of Scilab.

Menu bar and Tool box of Scilab.

Functions and their operations using Scilab.

Matrix operations and its operations through Scilab.

How to write conditional statements using looping and branching.
Plotting of 2D figures through Scilab.



UNIT 1 6

INTRODUCTION TO SIVP
TOOLBOX

Structure Page No.

16.1 Introduction 117
Objectives

16.2 Installing SIVP 117

16.3 Basic Commands 119

16.4 Other Commands 126

16.5 Summary 132

16.1 INTRODUCTION

SIVP stands for Scilab Image and Video Processing toolbox. It is a
toolbox provided by Scilab to implement number of Image and Video
processing tasks. We can carry out image processing projects using
SIVP commands. This unit gives a very brief introduction to some
popular image processing related commands of SIVP toolbox.

It can easily read and process images stored in various formats such as
BMP, PNG, JPEG, TIFF, PBM, PGM, PPM and FORMATS. Here, in
this unit, we shall discuss image processing commands.

Objectives
After studying this unit you should be able to

e download and install SIVP toolbox in Scilab

e apply various commands for reading an image, writing an image,
matrix of an image, adding and subtracting images, adding noise to
images, filtering, edge detection, histogram, etc.

16.2 [INSTALLING SIVP

The main purpose of SIVP is to provide a useful, efficient, and free
image and video processing toolbox for academic researchers. SIVP is
free software and licensed under GPL (GNU General Public License).
Anyone can get the source code from SIVP homepage modify it and
improve it.

117
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You can download SIVP toolbox from the website address
http://sivp.sourceforge.net:

Download SIVP for Linux:

l. Download SIVP sourcecode from sourceforge and
uncompress it.

Il. Run./configure.
[l. Run make to compile the source code.
V. Run make install as root.

Downloading SIVP for WINDOWS:

l. Double click on the download button in the homepage
enables us to browse all the files at
http://sourceforge.net/projects/sivp/files.

1. Double clicking on sivp 0.5.3.exe starts installation procedure.

[1. After installation is complete, you will see that SIVP will
appear in toolboxes menu.

After installing SIVP, when you start Scilab, you will see the window
shown in Fig.1.

I Sciah 55.2 Console LN T S ~—— (E=tos ]
C -

ol Applications 7

® & N

Fig. 1: SIVP homepage

The easiest way to add on SIVP toolbox is that first you click the tab of
module manager — ATOMS, which is located on the left top of the scilab
window as shown in Fig. 2.

B scilab 5.5.2 Console - B X N U T TRy
File Edit Control Applications ? - Lan Lage or datﬂ tl-ans"aﬂnns
ZB| & 0 [[# sciNotes @ % guag

&2 PVM parallel foolbox
2 TdCs
& TCLTK Interface
& Stalistic basics
&% Cumulative Distribution Functions; Invers:
Cemmend fistory & Identification =
e Bronser & Matlab to Scilab conversion tips
2 Sparse solvers
m 2IYF - arilgh Image and Yideo Processit
adaptativethresholdiin
[ threshold
[ cannyify
[ canny

& Xcos

-—> Matlab to Scilab translator
= Medule manager - ATOMS

Variable Browser

Fig. 2 Fig. 3
118
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Double click module manager, it will pop up another window in the left
side of the scilab, which looks like as given in Fig. 3.

Click the Image Processing option from the list. Again you will get a
popup window listing options. Double click Scilab Image and Video
Processing toolbox and install it.

Now in the following section we shall discuss the basic commands used
for image processing.

16.3 BASIC COMMANDS

Scilab image processing toolbox has some pre-stored images which
researchers have been using for last 30 years or so, such as lena.png,
peppers.png, people.png, etc. Either you can try your commands on
any one of these images or you can download any other image of your
choice. Remember to save image of your choice to the default folder or
give the complete path to read the image every time. Also, ensure that
the image file size is not too big in size.

Let us discuss following commands:
Reading an image

We shall start with how images are opened and viewed. We use
imread() and imshow() to open and view an image respectively.
Suppose the image you want to analysis is in F: and the file name is
flower -1 jpg, then the image can be displayed by writing the complete
path.

For Example:

—>f, = ('F:/flower-1. jpg');
——>imshow(f,) ;

After you press enter, you will see a pop up window as shown in Fig. 4.

74 image show = O x

Zoom In | Zoom Qut | Close

Fig. 4: Viewing flower-1 119
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The details of this image can be seen by the command imfinfo(). These
details are about filename, filesize, width, height, bitdepth and
colourtype. These can be edited after copying and are shown in Fig. 5.
If you type info=imfinfo (‘F: /image/flower/.jpg’); in the console window,
and after pressing enter type info, you will get the following result:
-1->info=imfinfo ('F:/images/flowerl. jpg') ;
-1->info
info =
info (1)
v !
! !
!Filename !
! !
'FileSize !
! !
'Width !
! !
'Height !
! !
!BitDepth !
! !
!ColorType !
info (2)
F:/images/flowerl. jpg
info (3)
47571.
info (4)
720.
info (5)
540.
info (6)

info (7)

truecolor

F:/images/flower 1. jpg
91225.
ans (4)
512.
ans (5)
512.
ans (6)
8.
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ans (7)

grayscale

B scilab 5.5.2 Console
File Edit Control Applications ?

ZEA00(% 2|2 ®B x| ee

-1->1;

fo=imfinfo ('F:/images/flowerl.ipg

-1->info

info

info (1)

W '

!Filenams

'FileSize

'Width '
' '

'Height !

!BitDepth !

1ColorType

info(2)

/images/flowerl.ipg

info(3)

info(4)

720,

info(s)

540.

info(6)

info

truecolor

H o Type here to search o

Fig. 5: Details of an image

The size of an image can be seen by the command size.
The matrix of any image can be seen by the following command:

-——a=( ‘F:/images/flower 1. jpg’ )

The output would scroll as it is a big matrix, this ends in the window as
shown in Fig. 6.

I Scileb 552 Console - 0 x
File Edit Control Applications ?
2Bl400% &8 8 X &0
w4 47 4 ss 73 87 371 37 36 37 39 g
7 4 e 16 se 70 4s 33 35 31 36 4
6 46 47 16 61 37 35 33 33 34 36 36 3¢
s 45 47 3 s¢ 33 32 32 32 36 36 34
a5 45 46 38 43 27 27 28 30 34 38 36
a5 45 45 35 36 25 27 26 29 34 36 3¢
a5 45 43 33 31 27 28 26 28 32 38 37
a4 3¢ 31031 29 25 26 3¢ 43 4
a0 e 30 31 27 23 24 34 s2 57
e 3e 37 31031 27 25 25 36 62 e
35 38 38 a2 38 35 33 32 35 46 6 61
37 36 4 a 35 42 38 38 39 48 ss s
3 38 42 a5 37 45 42 43 43 48 6 as
3 38 4 51 38 45 46 48 47 48 4 a1
w0 39 40 ¢ 38 43 46 50 50 50 26 45
38 41 39 a5 20 41 45 49 43 45 47 4
a4 e w 36 20 35 41 46 45 42 a5 47
26 39 37 40 22 42 3 4 e
12 20 39 38 37 36 37 35 3¢
14 38 38 38 37 36 37 36 38 3¢
18 37 38 37 36 36 35 34 33 33
22 33 36 3¢ 36 35 3¢ 3¢ 33 33
24 33 37 37 35 3¢ 34 33 33 33
24 32 36 36 34 3¢ 33 33 33 33
22 34 35 35 33 33 33 33 33 33
22 33 34 3¢ 33 33 33 33 33 33
2 36 33 32 33 36 38 38 34 31
27 25 33 36 35 33 32 32 34 34 32 29
28 26 33 37 37 33 29 28 30 31 31 30
30 27 33 36 36 32 28 28 31 34 35 36
30 27 52 35 3¢ 32 32 3¢ 39 43 45 45
20 26 30 33 35 37 40 47 53 se 55 53
27 24 28 30 40 44 52 61 67 &7 el 6
& e 0 65 70 75 s 87 s2 78 69 sS4 33 28 26 23 26 25 45 51 €1 71 76 73 64 87
54 50 47 47 43 sS4 &1 65 66 66 71 7L el 47 35 33 28 15 31 48 53 61 67 70 67 &3 58
46 42 39 33 40 44 53 59 6l €3 7L 74 &5 52 36 31 28 26 37 56 56 56 57 60 &4 68 70
44 33 36 35 36 38 44 50 54 60 72 77 70 s6 39 B 28 32 47 e 58 50 45 48 60 75 85
47 42 40 3% 38 38 40 6 50 55 73 79 71 se 41 27 28 38 57 72 61 45 36 41 58 80 5

Fig. 6: Matrix of flower 1.jpg
Generating a Random Image

You can also generate an image with randoms gray values. For
example, if the desired image is of the size 100 x 150, the following
command will result in the output as shown in Fig. 7. 121
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—> r=rand (100, 150);
—> imshow (1) ;

74 image show — O *

Foom In | Foom Outl Closel

Fig. 7: Random Image of size 100 x 150.
Conversion to Gray image

Most of the commands for SIVP work on gray images, therefore it is
important to convert coloured images into gray images. The command
used for this purpose is rgb2gray() and the respective output is shown

in Fig. 8.

——>a=imread( ‘F:/images/flower/. jpg’ ): //a is variable here.
—>b=rgh2gray (a) ; //b is the variable, which stores
converted gray image.

——>imshow (b) ;

[N

Fig. 8: Gray Image

If you want to work with this gray image, you need to store it as a new
variable giving it a name. This can be done using the command
inwrite():

——>imwrite(w, ‘F:/images/flower 1. jpg’); //stores gray image of
flower 1. jpgin variable w.

Cropping an Image

The command used for cropping an image is imcrop (file, a),, where file
is name of the file containing the image saved in the default folder and
“a” is the rectangular area to which the image is to be cropped. This

122 area is defined with four parameters separated by comma(,), and are
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coordinates of the left top corner, width and height. Please note that
these coordinates follow axis according to the coordinate system of
computer graphics i.e. the origin is at top left corner of the image and
+Y axis is in downward direction. Also, while selecting width and height,
ensure that they fall inside the image area. The syntax for cropping an
image is as given below:

-1->a=imread ('F:/images/flowerl. jpg') ;

-1->b=rgb2gray (a) ;

~1->imshow (b) ;

-1->¢=[50, 50, 100, 100]; // (50,50) is the coordinate of left
top corner and 100, 100 are the width and height respectively.
—-1->d=imcrop(a, c) ;

~1->imshow (d) ;

~1->¢1=[50, 50, 400, 400] ;

-1->d1=imcrop (a, cl) ;

~1->imshow (d1) ;

The output in image show window is given in Fig.9 (a) and Fig. 9 (b) for
the variables d and dy respectively.

74 image show - ad X

ZoomIn 1 Zoom Qut ‘ Closel

R

(a)

Fig. 9: Cropping Image
Now let us resize image.
Resizing an Image

Magnification and compression of any image can be done by the
command imresize (“file variable”, multiple, optional subtle effect),
where file variable is the name of the variable which stores image,
multiple is the factor by which the image is to be magnified or
compressed and subtle effects are optional. For example, multiple 1.5
means that the image will be increased by 50% and 0.5 means that
image will be compressed by 50%.The default subtle effects are such
as ‘nearest’, ‘bilinear’, ‘bicubic’, etc. You may like to try follow
commands:

Example 1(Resizing with a scale):

-1->a=imread ('F:/images/flowerl. jpg') ;
-1->e=imresize(a, 1. 175); // image will be magnified by 75%.
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-1->imshow (e) ;

The output is shown in Fig. 10 (b) and the original image is shown in
Fig. 10 (a).

Fig. 10
Example 2(Resizing with Rows and Columns):

~1->a=imread ('F:/images/flowerl. jpg') ;
-1->f=imresize (a, [100, 100]) ; //100 and 100 are the number of
rows

—-1->imshow (f) ;

This output is shown in the corresponding Fig. 11.

Fig.11: Image with 100 Rows and 100 Columns

Example 3(Resizing with scale and subtle effect):

—>a=imread ('F:/images/flowerl. jpg') ;
——>x=imresize(im, 1. 25, 'bilinear');
——>y=imresize(im, 1. 25, 'bicubic’ );
——>imshow (a) ;

——>imshow (x) ;

——>imshow (y) :

Operations on Images

Images can be added, subtracted and multiplied as given in the
following examples.

Example 4: Consider the following commands

—>a=imread ('F:/images/flowerl. jpg') ;

—>imshow (a) :
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——>a=imresize (a, [100, 100];
—>b=imresize (a, [100, 100]) ;
——max (b) ; //This provides the maximum intensity.
——>max (b)
ans =

255.
——>imshow(b) ;//This shows the image with maximum intensity.
——>c=243%ones (100, 100) ; // All members have maximum intensity.
-—>c=b-a; //while adding or subtracting images, ensure that the
size of the images are same, here all intensities are
subtracted from the highest one.

—>imshow (c) :

The output is like negative of image as shown in Fig. 12.

T4 image show o

Zoom In | Zoom Out | Close

Fig. 12: Subtraction from Maximum intensity

*k%

Example 5(Addition in Images):

——>a=imread ('F:/images/flowerl. jpg') ;
——>al=imadd(a,a); //Adding a and a.
—>imshow (al) ;

——>a2=imadd (a, 20) ; //Adding 20 to each member.
——>imshow (a2) ;

——>a3=imadd (a, 100) : //Adding 100 to each member.
——>imshow (a3) ;

—a4=immultiply(a,a); //Multiply a with a
——>imshow (a4)

The output can be viewed in Fig. 13.

9 o
T Q@
Nm @{1
' cﬁzn&')\

(a) Variable a1 (b) Variable a2
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(c) Variable a3 (d) Variable a4

Fig. 13: Output of Example 5.

*kk

Example 6(Subtraction in Imges):

——>a=imread ('F:/images/flowerl. jpg') :

——>ab=imread ('F:/images/flowerl/with spot. jpg');//save after
inserting a spot in flower 1. jpg in paint brush and save with
flower/with spot. jpg

—>af=imsubtract (a, as) ;

——>imshow (af) ;

This will simple show the spot inserted as shown in Fig.14.

74 image show = ROl

Zoom In | Zoom Out | Close

Fig. 14: Subtraction

So far, we have discussed basic commands. Now in the following
section, we shall discuss other commands like edge detection, adding
noise to images, etc.

16.4 OTHER COMMANDS

We shall now discuss SIVP commands to detect images, filtering
images, etc.
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Edge Detection

Function edge(‘file variable’,operator), where operator may be selected
from the default operators available such as sobel, prewitt, log, canny,
etc. We can see the following illustration to understand this well.

Example 7:

——>a=imread ('F:/images/flowerl/. jpg') ;
-—>a=rgb2gray (a) ;

—>el=edge(a, 'sobel');
—>e2=edge (a, 'canny', [0. 05, 0. 2]) ;
——>e3=edge (a, 'sobel',-1);
——>imshow (el) ;

——>imshow (e2) ;

——>imshow (e3) ;

The output is given in Fig. 15, (a) for Sobel operator and (b) for Canny
operator and (c) for Sobel Operator with parameter-1.

T4 image show - o x

Zoom|n | Zoom Out | Close

4 image show - o X

(a) Sobel Operator

74 image show - o x

Zoom In | Zoom Out | Close

i

(c) Sobel Operator with Parameter -1

Fig.15: Edge Detection

*kk

Now let us see how to plot histogram of images.
Histogram

In-built function imhist() is used to get histogram of an image as given in
the following example: 127
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Example 8:

——>a=imread; ('F:/images/flowerl/. jpg'):
——>a=rgh2gray(a); //histogram requires gray image
—>[count, cells]=imhist (a) ;

—>[count, cells]=imhist (a, 10) ; //scale is 10.

——>scf(0); //separate graphic window will show histogram.
——>imhist (a, 10, ') ;

—>scf (1) ;

—>imhist(a, 10,0.5); //width is reduces to 50%.
—>scf (2) ;

—>imhist(a, 10, 'green'); //Colour is changed to green.

These three outputs are shown in Fig. 16 (a), (b) and (c) respectively for
default width, reduced width and changed colour.

i B Graphic window number 0 |5 [t | BB Graphic window number [= [ e |

File Tools Edit ? File Tools Edit ?
RIETERI) B®alov e

Graphic window number 0 Graphic window number 1

00004

50000

500004

20000 4

30000 4

20000

10000

0 22.3337WW606667 85 113.3336%1.56657 170 108.333320,66067 255

(a) (b)

B Graphic window number 2 = | B ||
File Tools Edit 7

SlaeGve

Graphic window number 2

60000

30000 4

20000

(c)

Fig. 16: Histogram

*k%

Adding Noise to the Image

In order to examine how image enhancement can be carried out for
noisy images, the first step would be to take a clean image and
selectively add noise to it. The next step would be to apply various
filters to carry out image enhancement. Scilab provides functions for a
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variety of noise types such as Gaussian, salt & pepper, speckle. These
are obtained with default parameters, m=0 and v=0.01, d=0.05, v=0.04
respectively.

Let us illustrate with same examples.

Example 9:
—>a=imread ('F:/images/flowerl/. jpg') ;

——>nl=imnoise(a, 'gaussian');//imnoise (in, 'gaussian',m,v)adds
Gaussian noise of mean m and variance v;

——>imshow (nl) ;

——>a=rgh?2 gray(a) :

——>n2=imnoise(a, 'salt & pepper',0.05);//imnoise. (im, 'salt &
pepper',d); adds drop—out noise, where d is the noise
density, that is probability of swapping a pixel.

——>imshow (n2) ;

-—>n,=imnoise (a, 'speckle');

—>imshow (n,) ;

Outputs are in Fig. 17.

74 image show - o X

74 image thow - 0 x

(c) variable n3

Fig. 17: Adding Noise

*kk

Now, let us discuss filtering.
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Filtering
We shall cite following examples to view filtering.

Example 10:
—>a=imread ('F:/images/flowerl/. jpg') ;

—>F=[0 0 0; 0.33 0.33 0.33; 0 0 0]

F =
0. 0. 0.
0.33 0.33 0.33
0. 0. 0.

——>fl=imfilter (im, F) ;

——>imshow (f1) ;

The corresponding output is shown in Fig. 18.

Fig. 15: Variable f1

*kk

Example 11: Let us do the following commands to see more filtering
results on images.

—>a=imread ('F:/images/flowerl/. jpg') ;

-—>F=[0.04 0.04 0.04 0.04 0.04; 0.04 0.04 0.04 0.04 0.04; 0.04
0.04 0.04 0.04 0.04; 0.04 0.04 0.04 0.04 0.04; 0.04 0.04 0.04
0.04 0.04];

-—>F=[0.04 0.04 0.04 0.04 0.04; 0.04 0.04 0.04 0.04 0.04; 0.04
0.04 0.04 0.04 0.04; 0.04 0.04 0.04 0.04 0.04; 0.04 0.04 0.04
0.04 0.04]

F =

0. 04 0. 04 0. 04 0. 04 0. 04
0. 04 0. 04 0. 04 0. 04 0. 04
0. 04 0. 04 0. 04 0. 04 0. 04
0. 04 0. 04 0. 04 0. 04 0. 04
0. 04 0. 04 0. 04 0. 04 0. 04
——>f2=imfilter(a,F);
——>imshow (£2) ;
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The output is shown in Fig. 19.

 image shaw

Zoom In | Zoom Out | Close

Fig.19: Variable {2

Example 12: Consider the different filter as given in the following

commands:
—>a=imread ('F:/images/flowerl/. jpg') ;

-——>F=[-1-1 -1; -1 9 -1; -1 -1 -1]:
—>f3=imfilter (im, F) ;
—>imshow (f3) ;

Fig. 20 depicts output.

74 image show

Fig. 20: Variable {3

Example 13: See the output for the following commands;

——>im=imread ('F:/images/flowerl/. jpg') ;
——>F=-1%0nes (9, 9) ;
-—>F (5, 5)=81;
——>f4=imfilter(a,F) ;
——>imshow (f4) ;
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The output can be viewed in Fig. 21.

T4 image show - o X

Zoom In | Zoom Out | Close
—— —— o
SN

Fig. 21: Variable f4

Example 14: Consider the following commands and see the output.
——>a=imread ('F:/images/flowerl/. jpg') ;

—>F=fspecial ('sobel') ;

—>fh=imfilter(a, F) ;

——>1imshow (f5) ;

The output is shown in Fig. 22.

Fig. 22: Variable f5

You can try different values of the parameters and can view the
corresponding outputs.

Now let us summaries what we have covered in this unit.

16.4 SUMMARY

In this unit, we have covered following points:

How to download SIVP.

Reading, writing and displaying an image.
Addition and Subtraction of images.
Filtering in images.

Adding noises to images.

Histogram of images.

L RS
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Practical Assignment 1: Finding the roots of the polynomial
equations.

Solution: The source code is given as below:
——> clear;

-—>clc; //clears the console window

-->x = poly ([0] , ’ x " ) ; //definingthe variable
—-—>p =2*(x"3)+x"2-13*x+6; //writing the polynomial equation
-—>disp(”the roots of above equations are” )
-—>roots (p)

The output:

The roots of the polynomial are
ans =

The corresponding window will ook like

B scilab 5.5.2 Console - | *
File Edit Control Applications 7

2BlADO % E 22X &O

~
——->clear

——>x=poly([0],"'x"):

——>p=2*x"3+x"2-13%x+6
p =

2 3
6 — 13x + x + 2=

——>disp ("The roots of the polynomial are™
The roots of the polynomial are

——>rookts (p)
ans =

[T SR

*k %

Practical Assignment 2: Finding the polynomial equations with roots

are the cubes of the roots of the polynomial given in practical
assignment 1.

Solution: The source Code is as given below:
—-—>clear;
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——>x1=poly(
——>x2=poly(
——>x3=poly(
——>disp("Let"
-——>x1=-3"3

——>x2=2"3

-—>x3=(0.5)"3
——>pl=(x-x1"3) *(x—x2"3) * (x-x3"3)

O O O

The console window is:

B scilab 5.5.2 Console - | X
File Edit Contrel Applications ¥
i g - 3,

ZE|4AB20|% 282X @@
-—>clear; .
——>x=poly([0],'®"):
——>X1=poly ([0], "x1");
——>xX1=poly ([0], "x1"):
——>X2=poly ([0], "x2"):
——>xX3=poly ([0], "x3");
——>X3=poly ([0], "xX3");
——>x1=—3"3

X1l =

- 27.

——R2=2"3;
——>x3=(0.5)"3:
——>pl=(x-x1"3)* (x-x2"3)* (x—-x3"3)

pl =

2
19683 - 10077733x + 19170.9%98x
3
+ X W

*kk

Practical Assignment 3: Calculating the value of a determinant.
Solution: The console window along with output of each of the step is
given below:
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B scilab 5.5.2 Console - |

File Edit Control Applications 7

ZEIAD0D Y S B X ®@

*

—-—>clear;

——»a =[0 12 3;1 03 0;2301;301 2]

a =

[P % R P
By = O W

0w o -
= O b

——>disp ("The determinant of a is"™

The determinant of a is

-->det (a)
ans =

[55]
[&5]

*kk

Practical Assignment 4: Finding inverse of the matrix.

Solution:
B scilab 5.5.2 Console - O *
File Edit Control Applications ?
ERFEEIECICIEIEX)
A

——»A =[1 3 0; -1 2 1;0 0 2]

ans =

*kk

Practical Assignment 5: Finding product of two matrices.

Solution:
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Scilab 5.5.2 Console — a by
File Edit Centrol Applications 7
¥ o ~ <&
EE A DD Y E 2 =X @@
——>& =[1 3 0; -1 2 1:0 0 2] L)
o =
1 3. 1]
-1 2. 1
1] 0. 2
—-—->B =[-1 2 4;1 -3 3; -2 2 3]
B =
-1 2. 4
1 - 3. 3
- 2 2. 3
——>disp ("RAE=")
nEg=
——>=0*B
ans =
2. - 7 13
1. - & 5.
- 4, 6.
——>disp ("B*&=")
B*A=
——=B*h
ans =
- 3 1. 10.
4 = = 3
- 4 - 2. g.
——>disp ("A*E is not egqual to B*A™)
A*B is not egqual to BYA (v

*k%k

Practical Assignment 6: Solving system of equations using matrices.

Solution:

B2 scilab 5.5.2 Consale - [} e

File Edit Control Applications 7

ZEIADOD| % & B8 8 X ®

——>disp ("The system of egquations can be rewritten as AX=B where X=[=l; x2; x3I; =x4]")

The system of eguations can be rewritten as AX=B where X=[xl: =x2:; x3: =4]

——>& =[1 -1 11;1 1 -1 1;1 11 -1;1 11 1];

——>B =[2; -4:;4;0];

——>disp ("The solution X=")

The solution X=

——>inv (&) *B

ans =

|
(SR NI

*kk
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Session 2 PLOTTING IN SCILAB

Practical Assignment 1: Plotting a histogram.

Source Code: The command histplot(range of the variable, variable

name) is used to plot a histogram.

B B Graphic window number 0 — ] b
File Edit Control Applications ? File Tools Edit 7
ZE|I400|% &8 8 (X @@ B AQ T Y @
Scilab 5.5.2 Console 2 | Graphic window number 0
P
-->clear;
044 e
l-—>r=rand (1, 10000, 'normal');
-—>histplot (20, r) 035
ans =
03 —
column 1 to 5
02s
002572 01 0.0051442 092595 0070
02
column 6 to 10
. 015
0.0735619 0.1286048 0576 0.3037645 0.3647232
column 11 to 15 0.1
0.3871316 0.3631800  0.2858T! s2 0.1803351 0.1100857 005
column 16 to 20
o T
0.0612159 0.0267498 84 293 & 4 i 4 2 g E 1 £ E &
v
*k*k

Practical Assignment 2: Plotting the points in graph and two graphs
showing in the same window using subplot command.

Source Code:

B scilab 5.5.2 Console

File Edit Control Applications ?

zB| AP0 E 28X %@

——>clear;
-—>x=[5,
-—>y=[1,
-—>plot
—-—>plot
—-—>subplot
—-—>subplot
-——>

10,
2,
(x,v)
(y,x)
(1,2,1);
(1,2,2);

15,
4,

3,

20,
S

5,
6];

plot
plot

(x,9);
(y,x);

20717

title
title

(“Graph of x and y”)
(“Graph of y and x")

File Tools Edit
LI =R
Graphic windows rum ber 0
[l
5
44 -
a
a5
3 -
25|
1 T T T
. . IR - R E O LR ]

B Graphic window number 0 — [u]

L | @
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- I
i
File Tools Edit 7 I
L RO ?)
Graphic wwindosw number O
Graph of x and vy Graph of y and x
5] 20
55
18 o
54
168
4.5 4
14
4
3.5 12 o
3
10 o
25
a4
2 ]
[
1.5
1 T T T T T T T 4 T T T T
4 [} a 10 12 14 18 12 20 1 2 3 4 g =)
*kk

Practical Assignment 3: Plotting functions in one window.

Source Code: Several plots can be shown in one graphic window by
defining the position in subplot function.

B scilab5.5.2 Console - | *
File Edit Control Appliczﬂl:ions ? HE BB B EW BB S A B Y
ZBEBAD0|% &8 =X e
A
—-—>»clear:
——»x=[0: 0.1: 6.28];
——>y=[1,2,3,4,5]:
-->subplot (2,3,1): ploc(sin(x)),; title('Graph of sinx')
-—>subplot (2,3,2); plot(cos(x),'g"'); title('Graph of cosx')
-—->gubplot (2,3,3): plotitan(x),'x'): title('Graph of tanx')
—-—rzubplot (2,3,4); plotiexpi(x),'m"); title('Graph of expx')
—-—>subplot (2,3,5):; plotc2d2(y); ticle('Graph of Step Function')
-—->subplot (2,3,6); ploc2d3(y)s ticle('Graph of Vertical Bars')
Y]
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B - - O
File Tools Edit ?
B QG DV N@
Graphic wwindovy number O
Graph of sinx Graph of cosx Graph of tanx
1 1 100
0.5 0.5
&0
04 0+
-0.5 -0.5 0]
-1 T T T -1 T T T T T T
[u] 20 40 &0 [u] 20 40 80 o 20 40 B0
Graph of expx Graph of Step Function Graph of Vertical Bars
&00 5 8
400
4+ 4
300
34 34
200
24 24
100
o T T T 1 T T 1 1 T T
[u] 20 40 G0 1 2 3 4 4] 1 2 3 4
*kk

Practical Assignment 4: Plotting mat using grayplot command.

Solution: The command grayplot is a 2D plot of the defined surface into

a mat grid, in which each rectangle is filled with a gray or a colour level

depending on the average value of the random variable m on the

corners of the rectangle. The command and the output window are as

given below.

B scilab 5.5.2 Console — O
| File Edit Control Applications 7

ELEIEYEEEREEIER IR X

| Scilab 5.5.2 Consals

——>clear;

——>x=-10:10;

——>y=-10:10;

—->m=rand (21,21}

—->grayplot (x, v, m)

-

- Graphic window numbe... — O
File Tools Edit 7

®NEE TV @

ped

In these plots the for loop can also be used to let the variables vary.

*kk
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Practical Assignment 5: 3D Plotting.

Solution:
1
B scilab 5.5.2 Console - ] X
File Edit Control Applications 7 H
(] - 0 &5
ZE|IAC0|% & 2 S &
-
—->clear;
—->x=[1:10]: 1
—->y=[1:10];
—->z=rand (10,10);
—->subplot (2,2,1); plot3d(x,v,2); title('3D plot')
——>subplot (2,2,2): plot3dl (x,v,2)s title('Gray plot of the surface')
——zsubplot (2,2,3); contour(x,v,z,10); title('Contour plot of the surface')
—->subplot (2,2,4); hist3d(10*rand(10,10)); title('Histogram plot of the surface")
Y]

File Tools Edit 7

DIREG|ODV @

Graphic windowy number O

3D plot Gray plot of the surface

*kk

Practical Assignment 6: Plotting polygons.

Solution: The following commands are used for drawing polygons:
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xfarc
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Draws a regular polygon with n sides.

Draws a regular filled polygon with n sides.
Draws a rectangle with four values which are the
corresponding values of pairs of parallel lines of x
andy.

Draws an arc of an ellipse.

Draws the filled area of an ellipse.

B scilab 5.5.2 Consale
File Edit Control Applications 7

sBlABRO| Y E| 2

-->x=[0 1 0.5 -0.5 -1]:

—->y=[1 0.3 -0.8 -0.8 0.3]:

--»subplot (2,3,5): xarc({-1,

--»subplot(2,3,1); %Zpoly(x,v,"lines",1); title("Drawing Pantagon")

--»zubplot(2,3,2): xfpolyix,v): title("Drawing Filled Pantagon™)

--»subplot(2,3,3); xrect(-1, 1, 2, 2); title("Drawing Rectangle")

1,2,2,0,90%64); title("Drawing Arc of an Ellipse")

-->»subplot(2,3,6):; xfarc(-1,1,2,2,0,90%64); title("Drawing filled Area of an Ellipse")

-->subplot (2,3,4); xfpoly(x,v); title("Drawing Filled Triangle"™)

B (X %@

File Tools Edit ?
ARG

Graphic windowve number 0

Drawing Pantagon

Drawing Filled Triangle

Drawing Filled Pantagon Drawing Rectangle

Drawing &rc of an Ellipse Drawing filled Area of an Ellipse

* k%
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Session 3 SIVP BASIC COMMANDS

Practical Assignment 1: Reading and showing an image.

Solution:

——>a=imread ('F:/images/flowerl.jpg');
——>imshow (a) ;

The output of the command
imfinfo ('F:/images/flowerl. jpg")
is given as:
ans (1)
v !
! !
!Filename !
! !
!FileSize !
! !
'Width !
! !
!Height !
! !
!BitDepth !
! !
!ColorType !
ans(2)
F:/images/flowerl. jpg
ans (3)
75537.
ans(4)
543.
ans(5)
457.
ans (6)

ans (7)
truecolor

*k %
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Practical Assignment 2: Load an image (e.g. tress or clown) in Scilab

in gray shades. Change the number of gray levels to 64, 16, 8, 4, 2 to

display the same image.

Solution:

im=imread ('F:/images/flowerl. jpg');
img=rgb2gray (im) ;

imshow (img)

Try to change the gray levels and show the effect.

*kk

Practical Assignment 3: Change the resolution of the image. Explain
the effect of sampling error.

Solution: Refer to Sec. 16.3.

*kk
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Session 4 IMAGE TRANSFORMS

Practical Assignment 1: Find its Discrete Cosine Transform.

Solution: Refer to Sec. 3.3

s —
7 B scilab 5.5.2 Console - O x
iq
| File Edit Control Applications 7
L O . i
PR EFIEEIRL Y
i
——>f =[1 2 4 T]: ~
|——>N = length ( £ )} :
--—>F = zeros (1L , N ) :
—-—->for k =1: H
——>for n =1: W
——=if (k -1) =0
—=C (k , n) = inv ( sgrt (W) ) :
——>else
——>C (k,n)=sqgrt (2)*inv(sqgqrt () ) *cos (3pi* (2* (n-1)+1) * (k-1) S (Z*H) ) :
——>end
——>end
——>end
——>for u =1: N
—-—->for x =1: N
——>»if (u-1)==0
——>F (u)=F (u) +inv (sgrt (H) ) *f (&) *cos (Fpi* (2% (x-1)+1) * (u-1) / (2*H) ) ;
——>else
——>F(u)=F(u)+3qrt (2) *inv(sgrt (M) )} *£ (%) *cos (Epi* (2* (x—-1)+1)* (u-1) /S (2*N) ) »
——>end
——>end
——>end
—>disp(F,"is", £, "Discrete Cosine Transform of™):
Discrete Cosine Transform of
1 2. 4 7
iz
7. - 4.460885 1. - 0.3170253
W

Using the direct command we get the following output:
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B scilab 5.5.2 Console - ]
File Edit Control Applications ?

ZB|4C00|% 5|88 X &0

-->x=[1,2,4,6,8,7,5,3];

——>xdct=dct (x,-1); f/Discrete Cosine Transform
—->xidct=dct (xdct,1l); //Inverse Discrete Transform
——>disp (xdct, "DCT of x[n)=")

DCT of =x[n]=

column 1 to 4
12.727922 - 3.2564354 - 5.3847645 1.487914
column 5 to 8
0. - 0.2084974 - 0.0656581 0.3718459
—->disp (xidct, "Inverse DCT of x=')

Inverse DCT of ==

The 2-D DCT is as given below

B scilab 5.5.2 Console - O
File Edit Control Applications 7

FBEAD0|v E S &K &

C =]

——>f =[2 4 4 2;4 6 & 3;2 &8 10 4;3 8 6 2]
——>[ M N ]= size ( £) :

——>for k =1: N

——>for n =1: N

—-»if (k -1) ==0

—-—>C (k , n) = inv ( sgrt (N ) )

—->»else

——>C (k,n)=sgrc (2) *inv (sgrt (N) ) *cos (3pi* (2% (n—-1) +1) * (k-1) / (2*N) ) ;
——»end

——»end

——»end

—->F=C*£*C';

<

The corresponding output is as follows:
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B scilab 5.5.2 Console - a *
File Edit Control Applications 7
[ ) ) 5
ZEIABO| % S 2 S X &0
-
-->disp (F,"is", £, "Two Dimensional Cosine Transform of™);
Two Dimensional Cosine Transform of
2. 4. 4 2.
4. 6. 8 3.
2. 8. 10. 4,
3. 8. 6 2.
is
column 1 to 3
1 - 0.2705%81 - 8.
- 2.6923823 - 0.25 2.3096988
- 3.5 1.4650756 1.5
0.032825%0 - 1.6035534 - 0.9567086
column 4
o]
0
- 1.
-0
v
£ >

*k%

Practical Assignment 2: Load an image. Find its digital negative and
perform thresholding.

Solution: You may like to do it yourself.

*kk
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Session 5 EDGE DETECTION

Practical Assignment 1: Take an image. Carry out edge detection in
both directions using

Sobel operator

Prewitt operator

Canny operator

Use the corresponding masks and then carry out edge detection.

Solution:

B scilab 5.5.2 Console - O *
File Edit Control Applications 7

zEBlA B0 B 2=

.r=|0 |§o;;=p

——-»clear;

——»im=imread {'F:/images/flowerd4.jpg") :
——>img=rgb2gray (im) ;
——rims=edge (img, 'sckel") ;
——»imp=edge (img, 'prewitt');
—->imc=edge (img, 'canny') ;

——>imshow (ims)

——>imshow (imp)

[-->imshow (imc)

The corresponding output is as shown below:

Canny Operator

Prewitt Operator

*k%
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Practical Assignment 2: Take an image and pass it through a low
pass and high pass filter. Comment on your observation.

Solution: Low Pass Filters

——>clear;

——>im=imread ('F:/images/birdl. jpg');
—-—>img=rgb2gray (im) ;

——>imshow (im)

-—>h1l=1/9*ones (3,3); //3x3 mask
——>iml=imfilter (im, hl);

——>imshow (iml)

-->h2=1/25*ones (5,5); //5x5 mask
——>im2=imfilter (im, h2);

——>imshow (im2)

A h & . A o = | A 4 A TR IS
Original image Low pass filt Low pass filter 5x5

The effect of low pass filters is blurring. This is because these filters
allow low intensity to pass through.

High Pass Filters

——>im=imread ('F:/images/birdl. jpg');
-->img=rgb2gray (im) ;
—-—>hl=-1*ones (3,3); //3x3 mask
-—>h2=-1*ones (9,9); //9x9 mask
—-—>h1(2,2)=10;

-—>h2(5,5)=75;
——>iml=imfilter (img, hl);
——>im2=imfilter (img, h2);
——>imshow (iml)

——>imshow (im2)

Original image High pass filter h1 High pass filter h2

The high pass filters are exactly opposite to the low pass filters. These
filters allow the high intensity to pass through.

*kk
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Session 6 HISTOGRAM

Practical Assignment 1: Take a low contrast image and improve the
quality of the image using histogram modification.

Solution: Load any image either in gray or convert to gray.

Perform the histogram equilisation and show the image again. The
change in the image after histogram equilisation to be interpreted.

Refer to Sec. 16.4.

* k%

Practical Assignment 2: Load an image, add noise to it, display the
noisy image, remove the noise using filtering operation.

Solution: Refer to Sec. 16.4

*kk
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Session 7 DFFT AND IFFT

Practical Assignment 1: Take a small image. Compute its 2 - D FFT
and display the magnitude in the form of image.

Solution:
——>f=zeros (30, 30);
-——>f(5:24,13:17)=1;
——>imshow (f)
-—>F=fft2(f,256,256);
——>imshow (abs (F))
——>F2=fftshift (F);
——>imshow (abs (F2))

7é 74 image show — O X 74 image show - [m| X
Zoom In | Zoom Out | Close | Zoom In |Zoom Out| Close| Zoom In ‘ Zoom Out | Clnse|
=] - %ﬁ =]
oL .| o
Image f Image F Image F2
*kk
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Session 8 NOISE

Practical Assignment 1: Load an image. Choose a blurring function to
blur this image and add noise to the blurred image. Now try to restore
this image using

a) Wiener filter
b) Median filter

Comment on the result.
Solution: Steps are imread, imnoise, fspecial, imfilter, imshow

functions, write code for Weiner filter.
Refer to Sec. 16.4.

*k %
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Session 9 COLOUR TRANSFORMATION

Practical Assignment 1: Load a colour image. Show R, G and B
component present or missing in the image.

Solution:

B scilab5.5.2 Console - O X
File Edit Control Applications 7
a0,

#EXDO|Y S == K

i

N7

F->»clear:

-—->imrgb=imread ('F:/images/flowerl.jpg'):

-->r=imrghb;

F->g=imrgh;

-->b=imrgb;

F->r(:,:,2)=0;

F—>x(:,:,3)=0;

->g(:,:,1)=0;

F->g(:,:,3)=0;

F—>b(:,:,1)=0;

-->b(:,:,2)=0;

F—>imshow (r)

F—>imshow (g)

F—>imshow (b)

0] —
Red Component Green Component Blue Component

The following is the console window to get the output for missing R, G
and B components.
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B scilab 5.5.2 Console — a X
File Edit Control Applications 7

ZEIADD|IY S 2 2K @@

F—>cleax:;

—>imrgb=imread ('F:/images=s/flowerl.jpg"):

F->wr=imrgh:

-—>wg=imrgb:

-—>whb=imrgh:

F—>wr(:,:,1)=0;

F->wg(:,:,2)=0;

F—>wb(:,:,3)=0;

F—>imshow (wx)

F—>imshow (wg)

-—>imshow (wk)

i 0 0| e

Al el =l

Missing Red Componeni Missing Green Component Miss:ingiBiue Cor;\ponent

*%k%

Practical Assignment 2: Load a colour image. Show RGB to HSI and
vice versa colour transformations.

Solution: The steps are as follows:

e Read a RGB image using ‘imread’ function.
e Each RGB component will be in the range of [0 255].

e Represent the image in [0 1] range by dividing the image
by 255.

e Find the theta value. If B<=G then H= theta. If B>G then
H= 360-theta

e Use ‘acosd’ function to find inverse cosine and obtain the
result in degrees.

e Divide the hue component by 360 to represent in the
range [0 1]

e Similarly, find the saturation and the intensity
components.

e Display the image.
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Also, the direct command rgb2hsv() can be used.

HSI Image

*kk

Practical Assignment 3: Load a colour image. Show RGB to CMYK
and vice versa colour transformations.

Solution: You may like to try it yourself.

*kk

Practical Assignment 4: Load a grayscale, do pseudo-colouring.

Solution: You may like to try it yourself.

*kk
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Session 10 IMAGE SEGMENTATION

Practical Assignment 1: Load an image and count the number of
objects present in the image.

Solution: (i) Point Detection
——>f=imread ('F:/images/flowerd.jpg');

——>imshow (g)
-—>w=[-1 -1 -1; -1 8 -1; -1 -1 -1];
——>g=abs (imfilter (double(f), w));
-—>T=max(g(:));
——>g=g>=T;
——>imshow (w)
——>imshow (g)
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(i) Line Detection

——>f=imread('F:/images/flower4d. jpg');
——>w=[2 -1 -1; -1 2 -1; -1 -1 271;
——>imshow (w)

——>g=(imfilter (double(f), w));
——>imshow (qg)

——>gtop=g(1:120, 1:120);

——>imshow (gtop)
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(iii) For edge detection, use sobel operator as given in Sec. 16.4.

*kk
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