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I PREREQUISITE

@ Basics of programming language

% Coding skill in any of the following languages:
@® C
@® C++
@ JAVA

% And...

% Obviously A Good Logic!! ©
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I OPERATIONAL PIPELINE

Introduction
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I MATLAB

MATLAB stands for MATrix LABoratory

Developed by Cleve Moler in 1970’s to help students to learn linear algebra.
MathWorks Inc company founded in 1984 for commercial development

MATLAB is interpreted - code based system

Basic data element of MATLAB is an Array / Matrix that does not require
dimensioning.

Add-on toolboxes for extra power.
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I SIMULINK

% Used to model, analyze and simulate dynamic systems using block diagrams.

® Fully integrated with MATLAB, easy and fast to learn and flexible.

% It has comprehensive block library which can be used to simulate linear, non-linear
or discrete systems - excellent research tools.

@ C codes can be generated from Simulink models for embedded applications and

rapid prototyping of control systems.
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TOOLBOXES

% Collections of functions to solve problems from several application fields.

Digital Signal Processing Toolbox Fuzzy Logic Toolbox
Image Toolbox Control Toolbox
Wavelet Toolbox Multibody Simulation Toolbox

Neural Network Toolbox And many others...
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I WHY MATLAB?

% Add-on toolboxes (60+ Toolboxes) for extra power.

[t frees you from coding in high-level languages
Extensive HELP documentation

Provides professional looking graphs

Easy vector and matrix manipulation

Implicit loops for arrays

® © © @O @O @

MATLAB M-files are completely portable across a wide range of platforms.
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PROS & CONS

Advantages Disadvantages

Ease of use Can be slow

Platform independent Not geared to the Web
Predefined functions Expensive

Parallelism Not designed for large scale

Professional Plotting system development
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MATLAB INTERFACE

4\ MATLAB R2014a = B X

HOME PLOTS APPS EDITOR PUBLISH ZUE L L@ & [© @] search Documentation
<G EHIE v E v MatlzbDemo Current Folder
Workspace (w)§ |=" Editor - learnPMATLAB.m
Value - | leammMATLABmM 0 | + |
"Hello World!' 1= clc;
= str = 'Hello World!";

3 - disp (str);

Workspace ]
Editor

4

Current Folder

MName « Command Window =

ﬁ learnMATLAB. asv
% learnMATLAB.m

@ MNew to MATLABT Watch this Video, see Examples, or read Getting Started. E

Hello World!

f.lj >

ctrl-p Recall previous line
ctrl-n Recall nextline
ctrl-b Move back one character
ctrl-f Move forward one character
-2 ctrl-r Moveright one word
ctrl - € ctrl-1 Move left one word
home ctrl-a Move to beginning of line
end ctrl-e Move to end of line
esc ctrl-u Clearline
del ctrl-d Delete characterat cursor
backspace ctrl-h Delete character before cursor
ctrl-k Deletetoend of line

Current

Folder Command
Window

L R JEE TR SR TR 2R JEE R R R N 2

Details

= Ln 3 Col 12
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EDITOR

Line numbers
m-file path .
Real-time

= @ﬁrggrl check

|Z CUsers\mgoyani\Desktop\coinToss.m

EDITOR PUBLISH
E:]:' - % L] Find Files = nsert =1 fx - _ &))
- > 5 (=] Run section L
~| Compare GoTo + Comment 94 “ee a5
MNew Open Save ILI - E'H] EL ‘{';l Breakpoints Run Run and I%Advanoe Run and
- - v  [yPrint | Find ~ indent = | Lz |z - *  Advance Time
\ FILE NAVIGATE EDIT BREAKPOINTS RUM Iﬁ
¥ % coinToss.m l ——— Help f]le
2 % A zeript that flipe a fair coin and displays the ocutput
3 |
4 - if rand < 0.5 % if les=s than 0.5 =ay heads
== disp("HEADS') ;
& — elae % if greater than 0.5 =ay tails
e disp("'TAILS'") ;
A
e ena Comments
script Ln 3 Col 1
Possible breakpoints
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I CoMMAND WINDOW

- B

File Edit Text Cell Tools Debug Deskiop  Window Help
1 = clﬁla ﬁ K3 ﬁ ﬁ @ Current Directory: |C:*.r-.-1atLab'l.W|:urk

Shortcuts [#] How to &dd [F] What's Mew

& Editor - C:\WatLabwork\Demo.m
Good Morning...!!! BE-E BN - Wils %ﬂf‘_ a|

17 4
23 5
4 f
10 1=
11 13

F WMritten EBEv Mahesh Goyani

clo;
o lear:

disp('Good Morning...!!'!'):
A=magic (5) ;
disp(i):

LV I S [ Ty B -

SingleFrame.m  * MuﬁipleFrame.m@Wemn.m KD
—— —

Current Directory | Workspace | Catmnrman Wi oo | | Editar | Help

scric

Press F5 to Run
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I WORKSPACE

@ Variables are saved in workspace

% Command who retrieves the variables available in workspace

File Edit Debug Deskbop ‘Window Help
O = & B« o ﬁ ﬁf @ iCurrent Directary: |C:'lMatLab1Wn:|rk

Shortcuts [#] Howe to add [#] What's Mew

A Corond Viniow = [B x
ol ] [5G N d| % R | 09

hame Walue % Written Evy Mahesh Govani
Eﬂa 5 Your wariables are:

H ans 2 % Workspace

Hk 2
H« 10

< | b

zingleFramem = | MultipleFramem = Demn.m’}

< | >

Current Directarg IWDrkSEaEE | ) | Editar | Help || &rray Editor
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File Edit ‘iews o Favorites Debug  Deskiop  window  Help

help command (>>help)

Ow | & R o ﬁ ﬂe @ Current Directory: |C:1Documer'rts and Settings\WaheshiDesktopih vl
Help

Xl S M

Title: | MATLAE v |

[ | CDMBMS|Index Search || Demos

2 Begin Here

& Release Notes MATI.ABW
. .

lookfor command  (>>lookfor)

22

Help Browser (>>doc)

€% MATLAE Builder for COM Functions: Handle Graphics:
€2 MATLAB Builder for Excel 1 By Category Object Properties
&2 MATLAB Compiler In Alphahetical Order

& MATLAE Report Generator
€ MATLAB Web Server

&2 Bininformatics Toolbox

& Communications Toolbox
&2 Control System Toolbox
&2 Curve Fitting Toolbox

&2 Data Acquisition Toolbox

helpwin command (>>helpwin)

Documentation Set

Getting Started
Intraduces MATLAB and gets you started using it

Search Engine

User Guides

¢ Database Toolbox Provides tutorials and comprehensive information about MATLAB

@ Datafeed Toolbhox List of User Guides .

& Filter Design Toolbox Printable Documents

&2 Filter Design HOL Coder Programming Tips

&2 Financial Toolhox Provides helpful technigues and shortcuts for programming in MATLAB

&2 Financial Derivatives Toolbox 3

o A e T O Tl Examples in Documentation « »
s ' 3 Lists maior examnles in the MATLAB documentation b Matlabro Ot\help\pdf_dOC\
Edlitor | Help |

Link to The MathWorks
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I VISUAL DEBUGGING

|Z ChUsers\mgeoyani\DesktopcoinToss.m E@lﬂ

EDMOR PUBLISH VIEW
:% [& __l -] step In D
= = i Step Out Function Call Stack:
FILE| NaVIGATE |EDIT  Bregkpointz = Continue  Step ' coinTass v Cut
- ;L | Run to Cursor Debugging
- - -
BREAKPOINTS DEBUG
1 % coinTos=s.m |
2 % A =zcript that flips a fair coin and displays the ocutput
3
4 — if rand < 0.5 % if less than 0.5 =ay heads
== disp("HEADS5') ;
& — el=se % if greater than 0.5 =ay tails=s
7@% |  disp('TRILS');
g — end
script Ln 7 Col 1
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I CUSTOMIZATION

4 MATLAE
Add-Ons
Code Analyzer

45

st
Programming Tools
Comrmand History
Command Window
Comparisan
Current Folder
4 Editor/Debugger
Display
Tab
Language
Code Folding
Backup Files
Figure Copy Template
4 Fonts
Custom
General
GUIDE
Help
Keyboard
Toolbars
Variables
Web
Workspace
Simulink
Computer Vision System Toolbox
Image Acquisition Toolbox
Irage Processing Toolbox

|3

m

MATLAB Colors Preferences

Desktop tool colors
Use system colors
Text

MATLAE syntax highlighting calars
Keywords
Strings

System commands

MATLAB Command Window colors
Error text

Hyperlinks

Syntax highlighting sample
% create a file for output

touch teatFile.txt

i

I

fid = fopen('testFile.txt"', 'w'):

for i=1:10
fprintf (fid, "%6.2f ‘\n
end

Background
Comments
Unterminated strings

Syntax errors

Warning text

Command Window sample

>» samplefunction

]

JiL

Restore Default Colors

oK

| | cancel ||

Apply

|| Help
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I BASIC OPERATION

< MATLAB - EX
File Edit Debug Desktop “Window  Help File Edit Debug Desktop ‘Window Help
D | & BB o B 2 [omaenwork v . D@ | & BB o o WE| P | [cmsaowor & -
Shortouts [A] How to Add  [A] What's Mew
Shortcuts (B Howeto add [Z] wWhat's Mew
. Command ... 2 X ﬂ A X
onma... A2 X A
2 » >> 47345 D | % Bl o o | "Oiv]? x
— " e
Dwd| 4w | "Ou 1
1 ans = Z % Written By Mahesh Goyani
2 % Written By Mahesh Govani
17
=
SihgleFramem = | MultipleFrametm x| Detnotn® ®
Current Directory 4 | Ed'rt.;.r|Help Array Editar

4 | >

>>| {'ame.m ® | MuttipleFrame.m = || Demom® ><||

Current Direc! L | Editar | Help || &rray Editor
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COMMENTS

File Edit Debug Desktop Window Help

D & BB o B 2 | cwatiabwork
Command Window 2 X ﬂ

Dl fRRo o | S| M

Z

% By Mahesh Gowyani

% COMMENT & BLOCE COMMENT

W @ -] o e W D

[
]

11 -

SingleFrametm =% | MuttipleFratmerm = | Demom  x

Current Directary | Worksg | 4 | Ed'rtn:url Help | Array Editor
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I MANAGING WORKSPACE

% MATLAB allocates contiguous memory to variables.

clc
clearab c*
who

whos

Save

pack
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I OPERATIONAL PIPELINE

Basics of

MATLAB
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RULES TO DECLARE VARIABLES

Loosely Typed : Declaration is not required
Case Sensitive

Maximum Length : 63 Characters

Must Start With Character

Special characters are not allowed

Special Variables are not allowed

Keywords are not allowed

DR. MAHESH GOYANI




I FUNDAMENTAL UNITS

® The fundamental unit of data is an array

Scalar

Vector

Matrix
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I INITIALIZATION USING

[123;456]

m1l

m1l
1
4

2 3
5 6
m2=[123;45]

?7?? Error

m3=[5 (2+4)]
a=5 6
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I INITIALIZATION USING

@ Colon Operator — First : Increment : Last

y =0:0.1:0.5

y=0 01 02 03 04 05
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I INITIALIZATION USING

t = zeros( size(z) )
X = zeros(2) t=

X = 0O 0 O
0O 0 O

0 0
0 O
ones(),
z = zeros(2,3) size(),
7 = length()
0 0 O
0 0 O
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I INITIALIZATION USING

value = input( 'Enter an input value:=> ')

>> Enter an input value:-> 1.25

value =

1.2500
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I NUMBER FORMATS

% Changing the data format

@ value = 12.345678901234567

12.3457
12.34567890123457
1.2346e+001
1.234567890123457e+001

1000/81
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I DISPLAY DATA

disp( 'Hello' );

Hello

name = ‘Wolrd!";

disp( [ ‘Good ' ‘Morning'| );

disp( [ 'Hello ' name ] );
Good Morning
Hello Wolrd!
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I DISPLAY DATA WITH FORMAT

@ The fprintf( format, data ) function:

%d integer

%f floating point format

%e exponential format

new line character

tab character
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I OUTPUT FORMATTING

fprintf( 'Result is %d’, 3 );

x=05;
fprintf( 'x = %3d’, x );
x=5

Resultis 3

fprintf( ‘Area of a circle with radius %d

is %f', 3, pi*312);

X = pi;

Area of a circle with radius 3 is fprintf( 'x = %0.2f', X );

28.274334 x=314

fprintf( 'x = %6.2f", x );
x= 314
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I FILE I/0: Low LEVEL ROUTINES

save fname

load fname

save fname xy z load fname xy z

save fname data* load fname -ascii

save fname -ascii load fname -mat

k
save fname -v4 load fname

@ csvread - Comma-separated ASCII files

@ dlmread - General ASCII delimited files

@ textread - Read formatted data
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I OPERATIONAL PIPELINE

Array
Processing
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I ARRAY VS. MATRIX OPERATION

A{au a, %3}’B:{b11 by, blg}
a21 a22 a23 b21 b22 b23

A*B = |:a11b11 a:L2blZ a13b13:|

a2 1b21 a22b22 a13b13

A /B {au/bu a, /by, alglblg}

a'21/b21 a'22/b22 a13/b13

A.An :|:ai{l1 aﬁPZ a{]3:|

n n n

a21 a'22 a23
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I BASICS OF MATRIX

a:[12];%- d=[a;b];%=
b=(3,4—— I
e:[dc];ﬂ=
c=[5; 6] . I
f=[[ee];[aba]l, — KNS
L
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I ARRAY INDEXING

7
7 4
1
7N
10 1
> I2
2| 4
215
31 7
. 8
Subscript 7 Linear Index
Array (i, j) Array (K)
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I ARRAY INDEXING

A(1:5,5) A(l:end, end)
A(;, 5) A(:, end)
A(21:25) A(21:end)

A(4:5, 2:3)
A([9 14; 10 15])
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ARRAY BASICS

x1 + x2;
x1-2;
x2 * 2;
2*x3/3;

(12345678]; % Raw Major
1,2,3,4,5,6,7,8]; %Raw Major

(1; 2: 3;4:5;6; 7; 8]; % Column Major
' x1.*x2; % Individual

Element Multiplication
x1 *x2": 9% matrix

multiplication
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ARRAY INITIALIZATION AND USE

Y = sin(X); % Apply sin function on each element
X(1:5); % Read first five element

X = linepace(0.1*pi, pi, 10)
X=[0.1:0.1:1]*pi
X=(0.1:0.1:1)*pi;

X(5:end); % Read 5th to last element
X(3:2:10); % Read 3rd, 5th, 7th and 9th element

X(5:-1:1); % Read 5th, 3rd and 1st element

X([2 9]); % Read 2nd and 9th element
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I ARRAY BASICS

A BJ;

X; BJ;

X= abs(A) > 2 9% Return logical array of 0 & 1

A(X) % Grab the logically true value

Reshape(A4, 2, 3)
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I ARRAY INDEXING

Use () parentheses to specify index

Colon operator (:) specifies range / ALL

[ | to create matrix of index subscripts

‘end’ specifies maximum index value

size(A) gives dimensions of array
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a=ones(5);

a=ones(5,3);

a=zeros(5);

a=zeros(5,3);

a=eye(5);
a=eye(5,3);

True(2,3);
False(2,3);

a=rand(5);
a=rand(5,3);

a=randn(5);

a=randn(5,3);

I STANDARD ARRAYS

b=[12345];

a=diag(b);
a=diag(b,2);
a=diag(b,-2);
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I ARRAY MANIPULATION

A(:)

A(1,:)

A(:, 2)

A(:, 2:3)
A(L,[13])=0

A(:)
A(: 4)=5

: Generates column vector

: First row, all columns

: Second column, all rows

- All rows, 2" & 3 Column

: Set 15t row’s 1t & 3" Column as 0
: Display data column wise

: Set 4" column as 5
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ARRAY FUNCTIONS

A=[randperm(8); randperm(8); randperm(8)]
[data, index] = sort(X, ascend’)

sort(A(:, 4)) : Sort 4" column

find(A > 2) : Return Index number on Logical true
max(A) : Return Max value from all column
max(A(:, 1)) : Return Max value from 15 Column

[ab] = max(A) :Return max value with index

diag(A)
triu(A)
tril(A)
repmat(A, 2)
size(A)
lenth(A)
numel(A)

: Extract diagonal values

: Upper triangular part

: Lower triangular part

: replicate matrix A by twice

: return dimension of an Array
: return no. of Columns

: return total no. of elements in A
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I ARRAY INDEXING

@ Array indices start from 1

y=[23568];

y(8)
?7?? Error

y(-1)

?7?7? Error
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I ARRAY INDEXING

y=[123;456]; y(L:)

ans=1 2 3

1,2
V2 ans = 2 y(: 2)

y(2, 3)
ans =6

y(2)
ans =4

y(1, 2:end)
ans=2 3
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I ARRAY INDEXING

y=[123;456];
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I ARRAY INDEXING

z=1123;456;789];

2(2,)=[15]

77?7 Error

2(53)=[3 9]

77?7 Error
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I MULTIDIMENSIONAL ARRAY

® Generally Third dimension is referred as page, and higher dimensions have no

generic name

% Each page contains 2D Array A = pascal(4);
Page N A(:, 3, 2) = magic(4)
“““ TR
. 00
e 00 1.0 A(:, :, 3) = zeros(4)
..... 000 1

Page 1 ........... ‘ ““16 2 3 13 i

1 410 20
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I DISPLAYING MULTIDIMENSIONAL ARRAY

Al,;,1)=1 11 1
12 34

1 3 610
1 410 20

A(2,,1)=1 2 3 4
A, 1,2) =

A(:; :5;2) =16 2 3 13
5 11 10 8

Page 1 .-"[162313 7| | . 9 7 6 12
1111 o 4 14 15 1
123 4
13 610 o
1 4 10 20 e ‘
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I 3D ARRAY MANIPULATION

A =zeros(2, 3)
A(:: 2) =ones(2, 3)
A(;,:,3)=4

[A(;, 5, 1) A, 5 2) AG, 5, 3)]
>>B =reshape(B, 2, 9)

0O 0 0 1 1 1
0O 0 0 1 1 1
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I 3D ARRAY MANIPULATION

>> A=ones(2,3)

repmat(A,[2,1,2])
A= ans(:,: 1)
1 1 1 1
1 1 1 1
1

ans(:, :,
1

1
1
1
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I 3D ARRAY INDEXING

>> D = ones(2, 3, 3)

>> sub2ind(size(D), 2, 1, 2)

ans= 8

>> sub2ind(size(D), 1, 3, 3)

ans= 17

>> [r ¢ p]=ind2sub(size(D), 18)
ans= 2 2 3
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CELL ARRAYS

@ It is a special array of arrays. Each element of cell array may point to a scalar, an

array, or another cell array.

C= [2x2 double] [1x3 double] {1x1 cell}
[2x1 double] ‘Thisis a string. []

>> C=cell(2, 3); >> (C{1,1} % prints contents of a specific cell element

1 3
4 2

>> M = magic(2);

>>a=1:3;

>>b=1[4;5;6];

>>(C(1,:) % prints first row of C; not the content

>> s = ‘Hello';
>>C{1,1} = M; C{1,2} = a;
>>(C{2,1} =b; C{2,2} =s;
>> C{1,3} = {1};

Related utilities: iscell, cell2mat
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I STRUCTURES

>>name(1).last = ‘Smith’;
>>name(1).first = ‘Mary’;
>>name(1).sex = ‘female’;
>> name(1).age = 45;
>>name(2)

last: 'Hess'

first: 'Robert’

sex: 'male’

age: 50

name(2).last = ‘Hess’;

name(2).first = ‘Robert’;
name(2).sex = ‘male’;

name(2).age = 50;

>> name = struct(‘last,{Smith’ Hess'},
‘first,{Mary’,/Robert’},...
(‘sex’,{female’’male’}, ‘age’{45,50});

Related utilities: isstruct, fieldnames,

getfield, isfield
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Thank You!

& Dr. Mahesh Goyani
mgoyani@gmail.com
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