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| ntroduction to M atlab

The name MATLAB stands for MATrix LABoratory. MATLB was written
originally to provide easy access to matrix sofevaleveloped by the LINPACK
(linear system package) and EISPACK (Eigen systachane) projects.

MATLAB is a high-performance language for technicaimputing.

It integratescomputation, visualization, andprogramming environment. Furthermore,
MATLAB is a modern programming language environménhas sophisticatedata
structures, contains built-in editing andebugging tools, and supportsbject-oriented
programming. These factors make MATLAB an excellent tool feat¢hing and
research.

MATLAB has many advantages compared to conventiomadputer languages (e.g.

C, FORTRAN) for solving technical problems. MATLAB an interactive system
whose basic data element is array that does not require dimensioning. The
software package has been commercially availabsesl984 and is now considered
as a standard tool at most universities and inggstrorldwide.

It has powerfubuilt-in routines that enable a very wide variety of compoita.

It also has easy to use graphics commands that miekevisualization of results
immediately available. Specific applications ardlecbed in packages referred to as
tool box.

There are toolboxes for signal processing, symbodimputation, control theory,
simulation, optimization, and several other fisdspplied science and engineering.

The Matlab window consists of command menu, alsmessub-windows as seen
below, 1- The command window: all Matlab functi@ml operations written here,

2- The workspace: hold the current operations,h®- command history: Keeps all
operations (even the errors) done, 4- The curreattory (folder) in use,

and 5- The Start button: Click for quick accessotmls and other options.
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Let's start at the very beginning

As an example of a simple interactive calculatjast type the expression you want
to evaluate. For example, let's suppose you wardltulate the expression, 1 + 3.
You type it at the prompt commafa>) as follows:

Ex1:

ans =
7

You will have noticed that if you do not specify amtput variable, MATLAB uses a
default variableans, short for answer, to store the results of theenrcalculation.
Note that the variable ans is created (or overenitif it is already existed). To avoid
this, you may assign a value to a variable or dupgument name. For example:
Ex 2:

>>x=1+2*3 | | (Enkey)
X =
7

Note: We will not mention Enter key any more faelaexamples as it was clear stated.
Ex 3:

>> 4*K

ans =
28.0000

Creating MATLAB variables
MATLAB variables are created with an assignmentestent. The syntax of variable
assignment is:  variable name = a value (or @nession)
For example,
>> X = expression
where expression is a combination of numerical eglumathematical operators,
variables, and function calls. On other words, egpion can involve:
* manual entry
* Dbuilt-in functions (Ready Matlab functions).
» user-defined functions
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>> a=1 Mame Value

() Mew to MATLAB? Watch this Video, see Demos, or read Getting Started,

X

Eﬂa 1
a = Hb 2
il %E 3.5403
%?> h=2
B =
2
>» c=ath
g = i€ | el

Command History = 0O &2 X
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>> d=cos(a) rrE=l
iil=2
a-= reo=a+b
~d=cos (a)
0.5403
fr o> I

Once a variable has been created, it can be readsith addition, if you do not wish
to see the intermediate results, you can supphessiamerical output by putting a
semicolon {) at the end of the line. Then the sequence of camdsilooks like this:
Ex5:

>>t=35;
>>t=t+1
t=

6

Error messages

If we enter an expression incorrectly, MATLAB wikturn an error message. For
example, in the following, we left out the multgdtion sign, *, in the following
expression:

>>x = 10;

>> bx

2?7 5x

I
Error: Unexpected MATLAB expression.

Making corrections

To make corrections, we can, of course retype xpeessions. But if the expression is
lengthy, we make more mistakes by typing a secome.tA previously typed
command can be recalled with the up-arrow keyVhen the command is displayed
at the command prompt, it can be modified if neealedi executed.



Controlling the hierarchy of operations or precedes

Let's consider the previous arithmetic operatian, iow we will includeparentheses.
For example, 1 + 2 3 will become (1 + 2§ 3

EX 6:

>> (1+2)*3
ans =
9

While we have seen that:

>> 1+2*3
ans =
7

Ex 7: Find the result of:

ol p ) IRV

b
+ | =

>> 1/(2+372)+4/5*6/7
ans =

0.7766

(But, if parentheses are
missing):

>> 1/2+372+4/5*%6/7
ans =
10.1857

Entering multiple statements per line

It is possible to enter multiple statements peg.lidse commas)(or semicolons;|
to enter more than one statement at once. Comiatiofy multiple statements per
line without suppressing output.

Ex8:

>> a=7; b=cos(a), c=cosh(a)
b=

0.6570

c=

548.3170

Complex Number: (i)

[ Complex Number (with imaginary (1) ) J whos

> X=3+41

x =
y=sin(2%pi*t)
3.0000 + 4.0000% plot(t,y)
x=3+41i v
fx s v|l< 3>




Miscellaneous commands
Here are few additional useful general commands:

« To clear the Command Window, typkc (variables not cleared from Workspace)
+ To abort a MATLAB computation, typetr|+c

« To Clear all variables from Workspace window, typkear or Clear All.

« Display command can show any text in command window, (@jspiello’).

«  Who command gives a List of all variables stored imuogy.

« Whos give more details which include size, space allonaand class of the
variables.

Importing external data
Matlab can import data created by other applicaiguch as Excel) as follow:

[-) MATLAB 7.100 (R2010a)
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Algebra-Matlab
>>% MATLAB - Part Il.
>>%
>> % Note that % sign is used for only comments and explanations in matlab!
>> % Algebric Equations:
>> %
>> % syms command is used to Declare variables used in the equation, then
>> Y% factor command is used to solve an equation:
>> % Example(1):
>>Syms Xy
>> factor(x"2-y"2)

ans =

(X-y)*(x+y)

>> Syms X
>> factor(xA3-5"x"2+3*x+1)

ans =
(x-1)*(x"2-4"x-1)

>> % expand command is used to expand the terms of any power
>> % Example(2):

>> Syms X y

>> expand((xA2-y"2)74)

ans =

XN - 4*XNG*YA2 + B*XN*YML - 4*xN2*yNG + YN8

>>

>>% simplify command is used to simplify some equations to smallest ones:
>>% Example(3):

>> Syms X

>> simplify((x"\5-3*xA\4)"2/(x-1)2)

ans =

Page 1



Algebra-Matlab
(xA8*(x - 3)2)/(x - 1)"2

% Example(4):
>> Syms X
>> simplify((x"3-5*x)/(xA2-4*x))

ans =
(x"2 - 5)/(x - 4)

>>% Solving Algebric equations:
>>%
>>% To solve Algebric equations (solve) command is to be used:

>>% Example(5): solve the equation: a*x"2+b*x+x for the value of x:

>> solve (‘a*™x"2+b*x+c','x)

ans =
(b + (02 - 4"a*c)N(1/2))/(2*a)
(b - (b2 - 4a*Cc)N1/2))/(2"a)

>>% notice that we used the quote (') to define the equation and the variable (x)

>>% But instead, we can still use (syms) to declare the variable without the Quotes in solve:
>>symsabcx

>> solve(a*™x"2+b*x+c,X)

ans =

(b + (02 - 4"a*c)N(1/2))/(2*)
(b - (b2 - 4a*c)N1/2))/(2"a)

>> % We can solve more than one equations with more than one variable.
>>% In this case, Vectors will have the solution.

>>% Example(6):

>> [X,y]=solve('x"2-2*x+y"2=3','2*x+y=1)

Page 2



Algebra-Matlab
X =

19%(1/2)/5 + 3/5
3/5 - 197(1/2)/5

y =
- (2197M1/2))/5 - 1/5
(2*19N1/2))/5 - 1/5
>>% Find the solution in vectores for the following equations simultaneously:
>>% Example(7):
>> [x1,x2]=solve('x1/2+3*x1-x2"2=3','3*x1+x2=5')
x1=

1937(1/2)/16 + 33/16
33/16 - 193/(1/2)/16

X2 =

- (3*1931(1/2))/16 - 19/16
(31937(1/2))/16 - 19/16

>>% In those previouse cases, we got two points for each varible in 2nd. degree equations.
>>% But for 1st. degree equations we will get only one result for each variable!

>>% Example(8): Find the value of x and y in: 5x+10y=33 and 18x-4y=20,

>> [X,y]=solve('5*x+10*y=33','18*x-4*y=20)
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Algebra-Matlab
2471100

>>% The all above answers can be put in their normal form by simply Re-enter them:
>>% For example,

>> 1/5 - (2*19M(1/2))/5
ans =
-1.5436
>>% or,
>> 83/50
ans =
1.6600
>>% Example(9):
>>% Find the intersection points of two circles equations:
[X,y]=solve('x"2+y"2=4'"/(x-1)"2+(y-1)"2=3)
X =

D3N(1/2)/4 + 3/4
3/4 - 2371/2)/4

y:

3/4 - 237(1/2)/4
D3N(1/2)/4 + 3/4

>>% Which in turn will be:
>> 28M1/2)/4 + 3/4

ans =
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Algebra-Matlab
1.9490

>> 3/4 - 23M\(1/2)/4
ans =

-0.4490
>> 3/4 - 23M\(1/2)/4
ans =

-0.4490
>> 28M1/2)/4 + 3/4
ans =

1.9490

>>% Finally, we may solve for more than two equations and variables, as in this last example.

>>% Example(10):
>> [W,X,y,z]=solve('3*w-X-y+z=1"'W+5*x-y+Z',"2*W-3*x-y+2*Z','x+2=3')
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Algebra-Matlab
Z=
29/12

>>% Or, in normal form answer, we get:
>> W =9/4

W=
2.2500
>> X =7/12

X =

0.5833
>>y =91/12
y =

7.5833
>> 7 =29/12
Z=

2.4167

>>%
>>% = Examples by: Assistant Professor/ Emad Jihad =
>>% = MATLAB - 2013-Baghdad =
>>%
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Differential Equationsin Matlab

- First Order Diff. Eq.

In Mathematics, 1°. order diff. eq. is written as dy/dx or y’... Matlab can solve
defined or undefined equations symbolically; Command used to solve such
equations is dsolve, while Dy is used in order to represent the Derivative
function.

Example (1): Find the solution for x in the following first order eq.: xy’ —y = 1?

Matlab solution:

>> dsolve('x*Dy-y=1','x")
ans =

C2*x -1

Now, if we have an initial condition for y such@8)=8, then we get:

>> dsolve('x*Dy-y=1',"y(3)=8",'x))
ans =

3*x-1

Example (2): Find the solution for x in: y’ +y =sin(x) / 2.

>> dsolve('Dy+y=sin(x)/2','x")

ans =

sin(x)/4 - cos(x)/4 + C6/exp(X

Example (3): Find the solution for: y’ + y = cos(t).

>> dsolve('Dy+y=cos(t)')

ans =

cos(t)/2 + sin(t)/2 + C8/exp(t) Notice that Matlab gives different names for constant (C).




Example (4): Find the solution for: y’ = x +y, where y(0) = c.

>> dsolve('Dy=x+y',"y(0)=c','x’)
ans =

exp(X)*(c+1)-x-1

- Second Order Diff. Eq.

In Mathematics, second order derivative may written as y” or d?y/dx?
In Matlab, it's written as D2y (Thus the Higher is the same, for example D12y)!

Example (5): Solve the following second order equation: 3y” - 4y’ + y = cos(X).

>> dsolve('3*D2y-4*y+y=cos(x)','x’)

ans =

Cl4*exp(x) - cos(x)/6 + C13/exp(X)

Similar to 1*. order differential equations, we may have initial conditions for y and y” too.

Example (5): Find the solution for the previous example (5), with initial condition
values are y(0)=3 and Dy(0)= -3.

>> dsolve('3*D2y-4*y+y=cos(x)','y(0)=3",'Dy(0)=-3",'x")
ans =

37/(12*exp(x)) - cos(x)/6 + exp(x)/12




Example (6): Solve the equation: d?y/dx*— dy/dx + 3y = x°.

>> dsolve('D2y-5*Dy+3*y=x"3','x’)
ans =

>> dsolve('D2y-5*Dy+3*y=x"3','x’)
ans =

(44*X)19 + (5*x"2)/3 + x73/3 + C19%exp(x*(137(1/2)/2 + 5/2)) +
C20/exp(x*(137(1/2)/2 - 5/2)) + 190/27

Example (7): Solve the equation: : d?y/dx? + 3y = 2sin(t),
Where y(pi/2) = 2pi, dy/dt= -5 at t=pi/2.

>> dsolve('D2y+3*y=2*sin(t)', 'y(pi/2)=2*pi','Dy(pi/2)=-5")
ans =

sin(37(1/2)*t)*((2*3"(1/2)*cos(t*(3™(1/2) - 1)))/(3*(2*3(1/2) - 2)) - (2*3(1L/2)*cos(t*(37\(1/2) +
1)))/(3*(2*3™(1/2) + 2))) - cos(3M(L/2)*t)*((2*3M(L/2)*sin(t*(3™(1/2) - 1)))/(3*(2*3N1/2) - 2)) -
(2*3MN(2/2)*sin(t*(3™N(1/2) + 1))/(3*(2*37N(1/2) + 2))) + (cos(37(1/2)*t)*(30*sin((pi*37(1/2))/2) +
3*cos((pi*37(1/2))/2)"2*sin((pi*(3™(1/2) - 1))/2) + 3*cos((pi*37(1/2))/2)"2*sin((pi*(3N(1/2) + 1))/2)
+ 3*sin((pi*3™N(1/2))/2)"2*sin((pi*(3”(1/2) - 1))/2) + 3*sin((pi*3™(1/2))/2)"2*sin((pi*(3™(1/2) +
1))/2) + 3*3N(1/2)*cos((pi*3™N(1/2))/2)"2*sin((pi*(3™(1/2) - 1))/2) -
3*3™N(1/2)*cos((pi*37(1/2))/2) 2*sin((pi*(3M(1/2) + 1))/2) + 12*pi*3™N(1/2)*cos((pi*37(1/2))/2) +
3NL/2)*sin((pi*37(1/2))/2)"2*sin((pi*(37(1/2) - 1))/2) -
3NL/2)*sin((pi*37(1/2))/12)"2*sin((pi*(37(1/2) + 1))/2) -
2*3MN(1/2)*cos((pi*3™(1/2))/2)*sin((pi*3°(1/2))/2)*cos((pi*(37(1/2) - 1))/2) +
2*3MN(1/2)*cos((pi*3™(1/2))/2)*sin((pi*3(1/2))/2)*cos((pi*(3”(1/2) +
1))/2)))/(6*3(1/2)*cos((pi*37(1/2))/2)"2 + 6*3™N(1/2)*sin((pi*37(1/2))/2)"2) -
(sin(3™(1/2)*t)*(30*cos((pi*3™(1/2))/2) + 3*cos((pi*37(1/2))/2)"2*cos((pi*(3"(1/2) - 1))/2) +
3*cos((pi*3™N(1/2))/2)"2*cos((pi*(37(1/2) + 1))/2) + 3*sin((pi*37(1/2))/2)"2*cos((pi*(3”(1/2) -
1))/2) + 3*sin((pi*3™(1/2))/2)"2*cos((pi*(3(1/2) + 1))/2) +
3NL/2)*cos((pi*37(1/2))/2)"2*cos((pi*(3™(1/2) - 1))/2) -
3NL/2)*cos((pi*37(1/2))/2)"2*cos((pi*(3™(1/2) + 1))/2) +
3*3MN(1/2)*sin((pi*37(1/2))/2)"2*cos((pi*(3™(1/2) - 1))/2) -
3*3MN(2/2)*sin((pi*37(1/2))/2)"2*cos((pi*(3™(1/2) + 1))/2) - 12*pi*3™(1/2)*sin((pi*37(1/2))/2) -
2*3MN(1/2)*cos((pi*37(1/2))/2)*sin((pi*37(1/2))/2)*sin((pi*(3"(1/2) - 1))/2) +
2*3MN(1/2)*cos((pi*37(1/2))/2)*sin((pi*37(1/2))/2)*sin((pi*(3"(1/2) +
1))/2)))/(6*3"(1/2)*cos((pi*37(1/2))/2)"2 + 6*3™N(1/2)*sin((pi*37(1/2))/2)"2)

Prepared and Edited By:
Assist. Professor / Emad Jihad
Matlab -2013
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Differentiation and I ntegration in Matlab.

Before using Matlab to perform differentiation amtegration, let's show how to
represent and find the values of functions.

Representing Functions
In order to represent a function in Matlafline function is to be used.
Example (1): represent and find the value of functiofi + 5x — 2, if x=3

>> f=inline('x"2+5*x-2")
f=

Inline function:
f(x) = x"2+5*x-2

>> f(3)
ans =

22

We can also represent and find the value of a in@me one variable function.

Example (1): represent and find the value of the following tvasiables function:
g(x.y) = x> — 4x? + 3xy — 7, with values x=4, y=6.

>> g=inline('x\3-4*x"2+3*x*y-7")
g =

Inline function:
a(X,y) = X"3-4*x"2+3*x*y-7

>>g(4.6)
ans =

65

To define a function as a vector, vectorize is used along with the function in
order to give more than one point at the same time to evaluate that function.
(See the example in the next page)...




Example (2): Represent and evaluate the following function at the points 2, 5, and 8
f(x) = 3x? + 2x -5. (Hint: in this case vectorize is to be used).

>> f=inline(vectorize('3*x"2+2*x-5"))
f=

Inline function:
f(x) = 3.*x."2+2.*x-5

>> f([2 5 8])

ans =

11 80 203

Limits

To evaluate the function for (n) points at the
same time as a (1Xn) vector.

To compute limits using Matlabimit function is used to evaluate it, whegoes to

some value.

Example (3): Find the limit of the function lim,s (0¢ — 5)/ (X-1)).(x goes to 3).

>> syms X
>> limit((x*2-5)/(x-1),%,3)

ans =

2




Differentiation
To perform differentiations in Matlabliff functionis used.
Example (4): Find the differentiation of the functioBx® + 1.

(Here also, eithesyms is used to define variable(s) ©r.." ) used withousyms).

>> syms X .
>> diff(3*x"2+1) >> diff('3*x"2+1")
ans = OR... ans =

6*X 6*X

Example (5): Solve the diff. of2sin(¥) / cos(x).

>> diff("2*sin(x)/cos(x)")
ans =

(2*sin(x)"2)/cos(x)"2 + 2

The A" Derivative of (f) is written in the forndiff(f, n). So if n=2 then the second
derivative is required and so on...

Example (6): Find the £ 2". | And 3°. derivative of the functiar2x® - 4% + 3x.

>> diff(‘2*x"3-4*x"2+3*X") | e Firstderivative
ans =

6*x"\2 - 8*x + 3
>> diff('2*xA3-4*x"2+3%x',2) | e+ Second derivative
ans =
12*x - 8
>> diff('2*xA3-4*x"2+3%x",3) | -+ Third derivative.
ans =

12




Partial derivative Matlab can compute partial derivative of a givgiven expression
with respect to some variable... in this case thisatde has to be specified within the

diff function.

Example (7): Find the derivative of the equatifix,y) =% — 3y + sin(x) — 2cos(y),

in terms of x, then for y.

>> Syms X y

ans =

cos(x) + 3*x"2

ans =

2*sin(y) - 6*y

>> diff(x*3-3*y*2+sin(x)-2*cos(y),X) ...for variablex.

>> diff(x*3-3*y*2+sin(x)-2*cos(y),y) ...for variabley.

We can also find the'h Derivative as

we mentioned before for any equat@riable.

Example (8): Find the third derivativect3 fX3) of the equation:
d® 53 =% — 3y + sin(x) — 2cos(y)in terms of x, then for y.

>>syms X y
diff(x*3-3*y"2+sin(x)-2*cos(y),X,3) |

ans =
6 - cos(x)

>> syms X Y
diff(x"3-3*y"2+sin(x)-2*cos(y),y,3) |

ans =

(-2)*sin(y)

-third derivative for x.

- third derivative fory.




| ntegration
Matlab can find both definite and indefinite intalgt Int command is used to compute

the symbolidf for x. i.e. intf) —» /f(x)dx , or. int(f,a)—s /- f(x)dx

Example (9): Find the definite and indefinite integrations (witiits 2,5) for:
5766 + 2)dx.

>> int('x"3+2") ... definite integral

ans =

(x*(x"3 + 8))/4
>> int('x"3+2',2,5)| - indefinite integral (with limits a=2, b=5)
ans =
633/4
>>633/4 ...just to convert the result to normal value.

ans =

158.2500

Example (10): Find the definite integration ﬁ(cos(x) / sin(x)) dx?

>> int(‘cos(x)/sin(x)")
ans =

log(tan(x)) - log(tan(x)"2 + 1)/4




Finally, remember we usddglO for common base of 10, ahdg to represent Natural
Logarithm (In) before.
But in case of integration we musse (n) for Natural Logarithm instead of log.

Example (11): Find the definite integration with limit (1,3) foy.[:f3 (In(x) + 2)dx

>> int('In(x)+2',1,3)
ans =

log(27) + 2 ... Result of integral.
>> log(27)+2

ans = ...Normal numeric result.

5.2958

Example (12): Find the indefinite integral off(ZIn(x) +2x/ (x = 3))dx ?

>> int("2*IN(X)+2*x/(x-3)")
ans =

6*log(x - 3) + 2*x*log(x)




Selected Engineering Exercises:

Exercise 1:
Find the Slope of a tangent linexto+ 3x -2, at x=2.
Slope means the derivatidg/dx of the curve at x=2.

Now, to find the I. derivative of the function given:

>> diff('x"2+3*x-2')
ans =

2*X + 3

Then we have to represent the result in a formfahation:

>> f=inline('2*x + 3')
f=

Inline function:
f(x) =2*x+ 3

Now, substitute the value &= 2 in the function to finally find the slope:

>> f(2)
ans =

7




Exercise 2:
For the mixer shown below, write Matlab code tadfithe values of strean#s, B, as
inputs with streamV as another fixed input, and stre@as an output.

W =100 Kg/hr.
100% Benzene
50% Xylene 30% Xylene

20% Toluene 30% Toluene
3% Benzene |::> <:| 40% Benzene

i

cC="?
40% Xylene
20% Toluene
40% Benzene

Solution:

In this exercise we notice that there are Fourakdes to find their results (although the
W input has a constant value). The first value otvi{ be (0.5A+0.3B = 0.4C), the
second value will be (0.2A + 0.3B = 0.2C), thedhime is (0.3A + 0.4B + W = 0.40),
while the stream W=100 only.

Since this is Algebraic case, then solve commandbeiused to put the four equations
results as a row vector with four elements A, Ba@j W.

>>[A B C W]=solve('0.5*A+0.3*B=0.4*C','0.2* A+0.3*B=0.2*C','0.2* A+0.4* B+W=0.4*C','W=10(")
A=

600.0

Lecture prepared and edited by: Assist. Profedsmoid Jihad
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Vectors and Matrices

Arrays: an array is a mathematical structure that has a collection of numerical elements,
each of these elements referenced by an index which represents the location of that
element within the array. This index has integer sequence and any element can be
accessed by this sequence.

Arrays can be One Dimension, Two dimensions or even Multi dimension depending on
their structure and nature.

A Vector is a one dimension array; it can be either Row vector which consists of one
row and several columns or (nX1) elements size. Column vector is also one dimensional
array but with one column and several rows or (1Xn) elements size.

A Matrix is normally a two dimensional array with (nXm) elements in which n represent
the number of rows while m represents the number of columns. In some cases when
(n=m) then such a matrix is called a square matrix.

Defining and entering vectors and matrices elements:
There are several methods to enter elements to vectors and matrices in Matlab:-

1- Entering an explicit list of elements.

2- Loading data from external file (or importing from an application such as Excel).
3- Generating elements using function (such as (rand) function for random data).

4- Building from other arrays elements.

Array elements in rows are represented by semi columns (;), while columns in either
spaces or commas (,) in between.

Vectors:

Example (1): Write Matlab code to create a row vector with 5 elements.

>>A=[25627]
A=

2 5 6 2 7

Example (2): Write Matlab code to create a column vector with 6 elements.

>>B=6;3;1;0;1;5]

B =

N — O~ WA




Elements can be also a mathematical or several mathematical operations.
Example (3): Write Matlab code to represent a row vector with 3elements of sin(30),
sin(60) and sin(90).

>> X=[sin(30) sin(60) sin(90)]
X =

-0.9880 -0.3048 0.8940 ... (Results will be in radian).

Example (3): Build column vector elements from a (3X1) vector and (2X1) vector.

>>x=[3;1;5]; | ...1°. vector
>> y=[-6;0]; ..2" Vector
>> 7=[x;y] ...resultant vector

7 =

O(Ij\(.llr—‘b)

Transpose of (A) array is represented by (A”).

Example (3): From the previous example, Find the transpose of (z).

>> 7

ans =

Example (4): Find the log of each of the 3elements in a row vector.

>>v=[2 5 6];
>> log(v)

ans =

0.6931 1.6094 1.7918




Example (5): Generate a row vector with element values from 1 to 10.

>> G=[1:10]
G=

1 2 3 4 5 6 7 8 9 10

Example (6): Generate randomly a column vector with 4 element values between 0 and
10?

K=rand(4,1)*10

...rand function is used to generate randomly numbers between (0 and 1).

K=

4.2176
9.1574
7.9221
9.5949

Matrices

Normally, Matrices are two dimensional arrays and we will deal with such dimension.
However, there are multi dimensional with 3, 4... dimensions.

Example (7): Find the transpose for A(3X4) matrix.

>>A=[460;2-10;801;7-31] | ---Notice that rows separated by semi columns ().
A=
4 6 0
2 -1 O
&8 0 1
7 -3 1
>> A
ans =
4 2 8 7
6 -1 0 -3
0 0 1 1




Operations on Vectors and Matrices:

Both the vectors and Matrices are submitted to some mathematical laws and rules
concerning the operations that can be done with... we will not discuss these laws and
rules, but will show how Matlab deal with them.

Calling vector or matrix elements:

Since the elements within a vector or a matrix are arranged with indices, then an element
can be brought or called by its index.

Example (8): Display the seventh element in a 10 elements vector.

>>V=[612450-4801];
>>V(7)

ans =

4

Example (9): Display from the second to the sixth elements of the previous example.

>> V(2:6)
ans =

1 2 4 5 0

Example (10): Display the element B(3,4) in a 5X5 matrix.

>>B=[250-14,6001-4,30101;71083;10-41 2]
B=

2 5 0 -1 4

6 0 0 1 4

3 0 1 0 1

7 1 0 8 3

1 0 4 1 2

>> B(3,4)

ans =

0




Example (11): Display the elements from row (2) Column (4) to row (3) Column (5) in a
2D matrix with elements (5X5)?

>>B=[250-14,6001-430101;71083;10-41 2]

B =

1
[S—

—_ - W O
oc—ocowm
Lho—~oo
— 00 S

SRS NN

>> B(2:3,4:5)

ans =

O -
[

Vectors and matrices Addition and Subtraction:

Example (12): Add 10 to the element 5 in an 8 elements vector.

>>A=[2012-43735]
A(5)=A(5)+10
A=

2 01 2 6 3 7 5

Example (13): Subtract 4 from the elements of previous example.

>> A=A-4

A=

2 4 3 -2 2 -1 3 1




Example (14): Add the 6 elements column vector A to column vector B and put result in
vector C.

>> A=[1;3;5;0;6],B=[5;-1,0;-3;4]

A=

AN O N W

>> C=A+B

=S G u o

Remember that rules and laws of matrices and vectors should be applicable.



Example (15): Add two (3X4) matrices and put result into new matrix.

>>X=[321;617,010;6-42]

X =

AN O N W
N e\
N O =

>>Y=[522;-520;3-32;010]

(O8]
1
(8]
SO

>>7=Y+X

... The new matrix.
)
-3

A\ W — o
(NI ST RO

Example (16): Subtract (2.5) from the Y matrix of the previous example.

Y-2.5
ans =

2.5000 -0.5000 -0.5000
-7.5000 -0.5000 -2.5000
0.5000 -5.5000 -0.5000
-2.5000 -1.5000 -2.5000




Vectors and Matrices Multiplication:

In example (15), Addition of the matrices was applicable, but not for multiplication.

The rule of multiplication needs to have the first matrix elements (nXm) and the second
one (mX(something)), thus multiplying X by Y’ will be applicable, Otherwise error will
occur.

>> G=X*Y'

G=
21 -11 5 2
46 -28 29 1
2 2 3 1
26 38 34 -4

Same thing happens for vectors, Row vector may be multiplied by column vector (and
vise versa) in case they have the same number of elements.

In case that we want to multiply a row vector with another row vector (or elements of
column vector with another one), then Matlab has a special operator which is (.*), this is
called “element-wise multiplication operation” ...Same applicable for Matrices too.

Example (17): Multiply row vector elements with 5 elements by another 5 row vector
elements.

>E=51214]F=(31021] ...Two row vectors with same no. of elements.
E=
51 2 1 4
F=
31 0 2 1
>> J=E.*F ... The special element-wise operation.
J=
I5 1 0 2 4




Example (18): Multiply Matrix A(2X3) by B(2X3) using The special element-wise
operation.

>>A=[812;534],B=[320;451]
A=

8 1 2

5 3 4
B =

3 2 0

4 5 1
>> C=A.*B ... The special element-wise operation
C=

24 2 0

20 15 4

Note: To display any matrix size, use command size.

Example (19): Display number of rows and columns for the previous example matrices.

>> size(A)
ans =

2 3
>> size(B)
ans =

2 3
>> size(C)
ans =

2 3




Vectors and Matrices Division:

One should distinguish between two operators in Matlab, the / and the \.

The usual division sign operator like in X = B / A is a solution to X * A = B, While if
using X = A\ B is a solution to A * X = B.

Example (20): If A and B are two 5 elements row vectors, Find the solution of X=B/A

and X=A\B.

>>A=[22222]
A=
2 2 2 2 2
>> B=(2:2:10)
B=
2 4 6 8 10
>> X=B/A
X =
3.0000
>> X=A/B
X =
0.2727
>> X=A\B

X =

SO OO~
SO OO
SO OO W
S OO O &
SO OO W

In case of any two Matrices a and b, the division will be

a/b = a * inv(b), while a\b = inv(a) * b.

>>a=[241:324;501]

a=

W W N
N~

1
4
1

>>b=[120;110;421]

b=
1 2 0
1 1 O
4 2 1
>> a/b

ans =

4.0000 -6.0000 1.0000
7.0000 -20.0000 4.0000
-3.0000 4.0000 1.0000

>> a*inv(b)
ans =
4.0000 -6.0000 1.0000

7.0000 -20.0000 4.0000
-3.0000 4.0000 1.0000

(See Page 12 for more about matrix inverse).
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Deleting Elements from a vector or matrix:

Some times we need to delete element or more from a vector, or whole row or column
from a matrix, in such cases use the Empty matrix [].

Example (21): Delete element no. 3 from a 5 elements row vector.

>>V=[41563]
V =

4 1 5 6
>>V(3)=]
V=

4 1 6 3

3

...Element no. 3 which is 5 to be deleted.

...Delete V(3).

Example (22): Delete the 2" Column from a 3X4 matrix.

>>X=[5170;8200;4216]

X =
5 1 7 0
8 2 0 O
4 2 1 6
>> X(:,2)=[]
X =
5 7 0
&8 0 0
4 1 6

11



More Matrices Matlab functions:

Inv function is used to compute Matrix Inverse (Or we may use for example A*(-1)).

Example (23): Find the Inverse of Matrix (4 X 4).

>>A=[5210;710-2;60-31;1031]

A=
5 2 1 0
7 1 0 -2
6 0 -3 1
1 0 3 1

>> inv(A)

ans =

-0.0451 0.0902 0.0827 0.0977
0.6316 -0.2632 -0.1579 -0.3684
-0.0376  0.0752 -0.0977 0.2481
0.1579 -0.3158 0.2105 0.1579

Example (24): Prove that the theory of (A X A™ is true.

>>B=[211;122;212]

B=

—
—_— N =

1
2
2
>> Binv=inv(B)
Binv =
0.6667 -0.3333 0

0.6667 0.6667 -1.0000
-1.0000 0 1.0000

>> V=B*Binv

V=
1 0 0
0 1 0 ....Jdentity matrix generated.
0 0 1

12



Zeros function puts zeros in a matrix, i.e. all elements are zeros.

>> A=zeros(3,4)

A=

S O O
S O O
S OO
S OO

ones put Is in a matrix.

>> A=ones(3,4)

A=
1 1 1 1
1 1 1 1
1 1 1 1

eye gives the identity matrix (Diagonal 1s).

>> A=eye(4,4)

A=

But in order to change diagonal element to any fixed value (say 1), then
we have to write and run a program such as this in script editor.

SO o=
S O~ O
o = O O
- O O O

piot —
7 Editor - DAMyOwnStuff\TechnicalColl ?_meB-...:Q@lg

|| File Edit Ted Go Cel Tools Debug Desktop » ¥ A X
DEW s B0 oD MBI 0]
BB -0 |+ | +1a [ x || 0O
B XEI[=17 0:8 2 -2 0;49 21 8] =
WS xgz,ayRIL] :
3 - [for i=[1,2,3]
4 - ¥(i,i)=0;
< -end
s~ &
7 - [Efor i=[1,2,3]
g - X({i,i)=1;
o -end
10 - X

13



Matlab Solved problems of vectors and matrices

Ex(1): Estimate the average boiling point of a Water/Ethanol system at different water
compositions (0,0.1,0.2,...1.0) providing that:

Boiling point of water = 100° C

Boiling point of Ethanol= 78.35° C

Mixture boiling point = Xwater X TBPwater + Xethanol X TBPethanol.

Solution:

>> TBPwater=100;
>> TBPethanol=78.35;
>> Xwater=0:0.1:1
Xwater =
Columns 1 through 8
0 0.1000 0.2000 0.3000 0.4000 0.5000 0.6000 0.7000
Columns 9 through 11
0.8000 0.9000 1.0000
>> Xethanol=1-Xwater
Xethanol =
Columns 1 through 8
1.0000 0.9000 0.8000 0.7000 0.6000 0.5000 0.4000 0.3000
Columns 9 through 11
0.2000 0.1000 0
>> T=TBPwater*Xwater+TBPethanol*Xethanol
T=
Columns 1 through 8
78.3500 80.5150 82.6800 84.8450 87.0100 89.1750 91.3400 93.5050

Columns 9 through 11

95.6700 97.8350 100.0000

14



Ex(2): Calculate the Reynolds Number at two different diameters D = 0.2 and 0.5 m,
using different velocities as u=1.2.3....,10 m/s, Providing that:
Re = (pud) / u, u = 0.001, p = 1000.

Solution

>>d1=0.2;d2=0.5;
>>u=0.1:0.1:1;
>>m=0.001;
>>p=1000;
>> Rel=u.*p*d1/m
Rel =
1.0e+005 *
Columns 1 through 8
0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000 1.6000
Columns 9 through 10
1.8000 2.0000
>> Re2=u.*p*d2/m
Re2 =
1.0e+005 *
Columns 1 through 8
0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000
Columns 9 through 10

4.5000 5.0000

15



Ex(3): Create a vector of even numbers between 31 to 75.

Solution:

>> X=(32:2:75)
X =

Columns 1 through 14

Columns 15 through 22

32 34 36 38 40 42 44 46

60 62 64 66 68 70 72 74

48 50 52 54 56 58

Ex(4): Letx=[2516].
a- Add 16 to each element.

b- Add 3 to just Odd index elements.

c- Compute the square root of each element.
d- Compute the square of each element.

Solution:

Note: We will assume independent operations for the problem.

x=[2516]
X =

2 5 1 6

>> x+16
ans =

18 21 17 22

16+x(1:2:4)
ans =
18 17

>> [sqrt(2) sqrt(5) sqrt(1) sqrt(6)]
ans =

1.4142 2.2361 1.0000 2.4495
[272 572 172 672]
ans =

4 25 1 36

...(a)

...(b)

...(c), or (we may use 2"1/2 57172 ....).

()

16



Ex(5): Let x=[32 6 8] and y=[4 1 3 5]
a- Addelementsinx toy.
b- Raise each element of x to the power specified by the corresponding y elements.
c- Divide each element of y by the corresponding elements of x.
d- Multiply each element in x by the corresponding elements in y and put in z.

Solution
>>x=[32 6 §]
X =
3 2 6 8
>>y=[4135]
y =
4 1 3 5
>> X+y (D
ans =
7 3 9 13
>> [32y(1) 27y(2) 67y(3) 87y(4)] (@)
ans =
81 2 216 32768
>>y./x E)
ans =
1.3333 0.5000 0.5000 0.6250
>> Xy (4
ans =
12 2 18 40

17



Ex(6): Write Matlab codes to calculate temperature conversion from Celsius C into

Fahrenheit F then to Renkgen R. (Rankin).
Solution

>> tc=(0:15:100)
tc =
0 15 30 45 60 75 90
>> tf=1.8%tc+32 % or: tf=(9/5)*tc+32
tf =
32 59 86 113 140 167 194
>> tr=tf+459.69
tr=

491.6900 518.6900 545.6900 572.6900 599.6900 626.6900 653.6900

..(F)

..(R)

P
N}

>> t=[tc' tf tr']
t=

0 32.0000 491.6900
15.0000 59.0000 518.6900
30.0000 86.0000 545.6900
45.0000 113.0000 572.6900
60.0000 140.0000 599.6900
75.0000 167.0000 626.6900
90.0000 194.0000 653.6900

18
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Matrix Algebra

Systems of Linear equations can be solved using matrices.

Consider a set of n linear equations with x,, X, ...... X, unknown variables.
anXi+ apXot+........ . A1 X, = b1
A X1+ apXot....... ... AnXy = b2
AniXpt+ apXot...... .. X, = b,
Thus _ L -

ar i veee.din b1 X1

dy dr ve...dop b2 X2
A= | . . C e b=| . X=

An apn .. | | by | Xn_|

Example: For the matrices, A=[1 -4 3;31-2;2 1 1], b=[-7;14;5]. Find x values.

>>A=[1-4 3;31-2;21 1], b=[-7;14;5]
A=
1 4 3
1 -
2 1 1
b=
-7
14
5
>> X=A\b ...Compute X values.
... Xy Value.
1 ... X» Value.
-2 ... X3 Value.

Prepared and Edited by Assist. Prof. / Emad Jihad
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Polynomialsin Matlab

One of the important aspects in applied scienteeipolynomial which has the following
general layout format in Numerical Analysis:

PX)=ax"+ag. X" +..+ax+a

This is an (™.) power polynomial in x, where the’§) are the Coefficients of the
polynomial, with Real or Complex number values.
In Matlab, Polynomials are represented by Vectoolihg the coefficients of the
polynomials, assuming (0) to undefined x values.

Example (1): Represent the following polynomials:
y=3x + 2¥ — x +5, and w=%- 7>¢ + 2?

>>y=[3 2 -1 5]
y =
3 2 -1 5
>>W=[10-702] Notice that we put (0’s) for missed x’s’ @nd xterms.
W=
1 0 -7 0 2

Roots of a polynomial
To calculate the roots of a given polynomrabts is used either indirectly or directly.

Example (2): Find the roots of y polynomial in previous examipldirectly and directly?

>>y=[32-15];
>> r=roots(y)
r=

..directly use of roots... ( imaginary roots can benfthu

-1.5626
0.4480 + 0.9306i
0.4480 - 0.9306i

r>i I=roots([3 2-1 5)) ...réat use of roots... (imaginary roots can be fgund
-1.5626
0.4480 + 0.9306i
0.4480 - 0.9306i

1
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Note: Always No. of roots found is equal to the polynahorder (n), therefore, the last
example showed 3 roots for 3 (x) terms, while t#s toefficient is not considered.

Example (3): Find roots of the polynomiafx 7>¢ + 2?

>>p=[10-70 2];
>> r=roots(p)

r=

-2.5887
2.5887
-0.5463
0.5463

Predicting polynomial values
In order to predict the y value of the data offittied polynomial for some other x values,

polyval is to be used.

Example (4): Determine the value of the fitted polynomial y=3x2) — x +5 for x=4?

>> p=[32-15];
>> y=polyval(p,4)

y =
22¢

...Fitted polyn@l for x = 4.

Example (5): Find the polynomial value at Multiple points (vexg) of v1=[3 1 5] and
y=[3 2 -1 5], then consider the y value for x=4iraprevious example?

>>y =[32-15];
>>v1=[3 1 5],
>>

p=polyval(y,vl)
p:
101 9 425

>>v1=[3 1 5],
>>y=[32-15],

->> y=polyval(y,4);

>> y=polyval(y,v1)
y:
225 225 225

2

... fitted fme4.
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Best Fit polynomial coefficients

Use polyfit command to determine the polynomial's best fitte@fficients for a given
data...the syntax format for this command psilyfit(x,y,n), where x, y are the data
vectors and n is the order of the polynomial foickithe Least-Squares Fit is desired.

Example (6): Fit x, y vectors to 4 order polynomial:
32X +35%+41X+5x+57and -1.7% 158+ 1.1 ¥+ 1.5x + 3.6

>> x=[3.2 3.5 4.1 5.0 5.7]
X =

3.2000 3.5000 4.1000 5.0000 5.7000
>>y=[-1.7 -1.5 1.1 1.5 3.6]
y=

-1.7000 -1.5000 1.1000 1.5000 3.6000
>> co=polyfit(x,y,4)

Co =

N

2.2433 -39.1473 251.9575 -706.5981 726.9242

>> yp=polyval(co,x)
yp =

-1.7000 -1.5000 1.1000 1.5000 3.6000

Thus, the polynomial with the best fit coefficiemisl be:

y = 2.2433 % - 39.1473 X + 251.9575 %-706.5981 X + 726.9242 <

We notice in this example that the predicted valokthe dependent variable at each
value of the independent variable are the samentijgdd), in other words, the actual y
points and the predicted y points are identical.

3
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Exercises

1- Fit the following data describing the accumulatiminspecies A over Time to a
second order polynomial, then by using this polyranpredict the accumulation

at 15 hours.
Time(hr) 1 3 5 7 8 10
Mass A acc. 9 55 141 267 345 531
Solution:

>> A=[9 55 141 267 345 531];

>> Time=[1 35 7 8 10];

>> 9% Now Fit the data using polyfit command
>> coeff=polyfit(Time,A,2)

coeff =

5.0000 3.0000 1.0000 <

>> 0% So accordingly, Mass A = 5 * (Tinfe} 3 * (Time) + 1
>> % Then we find the Mass A at 15 hours as follaywi

>> MAPred=polyval(coeff,15)

MAPred =

1171

2- Fit the following vapor pressure vs. temperature da fourth order polynomial,
then calculate the vapor pressure when Temp%*100

Temp (C)| -36.7|-19.6| -11.5| -2.6| 7.6| 154 26.1 42p 606 80

Prekpa)| 1 5 10 20 40 60| 100 200 400 760

Solution:

>> Temp=[-36.7 -19.6 -11.5-2.6 7.6 15.4 26.1 405 80.1];
>> Pre=[15 10 20 40 60 100 200 400 760];

>> p=polyfit(Temp,Pre,4)

p =

0.0000 0.0004 0.0360 1.6062 24.6788
>> 9% Thus VaporPressureo0004 * (Temp)+ 0.0360 * (Temg)+ 1.6062 * (Temp) + 24.6788

>> VPressure=polyval(p,100)
VPressure =

1.3552e+003

4
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



3- Find the & order polynomial that satisfies following datavedter for saturation
temperature and pressure. Using the predicted polial, compute the saturation
Pressure at 687?

TempC| Q 10 20 30 40 50 60 70 80 90 100

Pre(pa) | .6108| 1.227| 2.337| 4.241| 7.375| 12.335| 19.92| 31.16| 47.36| 70.11| 101.33

Solution:

>> Temp= [0 10 20 30 40 50 60 70 80 90 100};
>> Pre=[.6108 1.227 2.337 4.241 7.375 12.335 191926 47.36 70.11 101.33];
>> p=polyfit(Temp,Pre,3)

p:

0.0002 -0.0085 0.2604 -0.0534
>>9% Thus, SatPressure 60002 * (Temp)- 0.0085 * (Temp)+ 0.2604 * (Temp) — 0.0534

>> SPressure=polyval(p,65)
SPressure =

24.7565

Prepared and Edited By:
Assist. Professor / Emad Jihad
Matlab -2013
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Introduction to Matlab Programming
In addition to the command window instructions to execute different needs, Matlab
has a powerful Programming capabilities to write and run prewritten and saved

programs.

To Start Writing a new program scripts, follow the following steps below:

Step 1: Click on New script icon (or, from File command, select New — script).
Step 2: an Editor window displays.

Step 3: Start writing your program scripts.

Step 4: Save the program (Program extension name is .Im).

Step 5: Run the programs (use m icon), Result will appear back in command
window area.

Desktop  Window  Help
| & % LEI ) | u m @ | (7] | Current Folder:?C:\Users\Emad\Documents\MATLAB vE] [E|
* Shokguts [#] How to Add (2] What's New
Current Mglder " 0O 2 X | Command Window 0O 2 X | Workspace + 02 x
@ 5 | AM. v O ¥ (@) New to MATLAB? Watch this Video, see Demos, or read Getting Started. x| g u 1| @Sel... w2
Name MName =~ Valu
| i c= 5 A 5
@ @ ; 2
o C 15
7 Editor - CAUsers\Emad\Documents\MATLAB\tt.« =k
| File Edit Tet Go Cell Tools Debug Desktop Wind Help v |ax
BBE|*%&"°|:é'=:=?'|H“fl’3,|m'@@ﬁ@@lmﬂlstackBase ’!|fJ§ ‘DVI
BB -[0 |+ | +h1 |x |20
% This is where you can wWrite your prgram sScripts. =
Fil A=5; B~10:; CZA+B =
il ®
| script [tn 3 col 1 [OWR

Input function: enables to display a text message along with a numeric value.
Ex1:

>> Input ' Please enter a number: '
>> Please enter a number: 10
>>ans =

10




Ex2: Write a Matlab program to Enter any value to calculate the following equation:
y = (value input) * x A2, where x is any defined value.
Solution: follow the steps in the figure:

» O » X || Workspace S Y| EIE ]

x & - R Y H@Selectdatato...

Command Window
@ Mew to MATLAB? Watch this Video, see Demos, or read Getting Started,

Enter a value : 3 ‘B Editor - C:\Users\Emad\Documents\MATLABY -f: MName = Value
RS File Edit Text Go Cell Tools Debug Desktop Window » ¥ oAX %jns 5
- SRt @Y oD [Meskl[-]| 0]k =
B - [+ +ha |x @0
JEAS clc = ||
@ input 'Enter a value : '; [ 'z
x=5;
y—ans * x "2 il
script ln 7 Co 1 [OVR .

Display function: can display a message without any input value.

Ex3: Write a Matlab program to show the following:

Command Window S El A
(1) New to MATLAB? Watch this Video, see Demos, or read Getting Started. X
x wvalue i i d )
w =
. - oo e e
, [[ocmismaocion [aw-[] >0l
B -0 ¢t [x |#E(O
Then x+12 S B el o] =
2 x=8;
ans = 3= display 'x value '; =X =
20 [ display 'Then x+12', display (=x+12)

Lecture Prepared and Edited by
Assist. Professor/ Emad Jihad
Matlab2013
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Conditionsand Loopsin Matlab

Condition
A condition is a circumstance that If happened gide a specific action. Usually in all

Programming languages such as VB and other Iangubfgﬁatement is used to check
on such conditions. Matlab use the same stateraenhta very similar way as in other
programming languages.
The General format of simple if statement is:
if (relation)

(Matlab commands)
end

A more complicated format of if statement (checkiogseveral conditions) will be:
if (relation)
(Matlab commands)
elsaf (relation)
(Matlab commands)
elsaf (relation)
(Matlab commands)

dse
(Matlab commands)
end

Relational operators can be one of the following:
== equals

> Greater than

< Less than

<= Less than, equals

>= Greater than, equals

~= Not equals

While theL ogical operations are:
& And relation

| Or relation

~ Not relation

Note: It's recommended to construct a Matlab prograptigm New then Script from File
menu), so that you can run it whenever you wants(finogram will be saved with
extension namenm).

1
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L oop

By a loop we mean number of iterations that todpeated to accomplish a specific task.
Again, all programming languages have statemenssdi loops. In Matlab there are two
kinds of statemenfor andwhile.
The for statement is usually used for unconditional lotpe while is used when
checking for a specific condition to happen, s itsed for conditional loop.
The General format concerning ttoee loop is:
for variable = expression

Statements
end

The general format afhile loop is:

While condition satisfied
Statements

end

in this case the while statement will work onlythie condition relation is true and will
keep looping until the condition is no more sadidfi
Note: at any moment loop can be forced to stop usitigeeBreak statement o€trl+c.

Example (1): Given a vector with 10 element, check these elésnfom numbers grater
than or equal 5 then change the element to beifl®®@ element value is less than 5 then
turn this element to (0), otherwise change the etgrto -100?

Solution:
In program script, write the following code:
cle ... the vector elements
a=[1451792038] .. for statement loop
for i=1:10 ... checking for element < 5
if a(i)<5
k(i)=0; ... checking for element = 5
elseifa(i)>=5
k(i)=100; ... If above conditions not satisfied.
else ... end of if statement
k(i)=-100; ... end of for loop
end ... display vector a elements
end ... display the new vector elements.
i ... Will give results on command window below:
a=
1 4 5 1 7 9 2 @B 8
k =
0O O 100 O 100 100 O © 100

2
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Example (2): Write Matlab code to find number between 1 and ith wncrementing
value of 0.5 (using for statement)?
Solution:

clc

for i=1:0.5:3
i

end

Will give:

1. 5000

2. 5000

Example (3): calculate the square root of the summation ofragdbers betweep-50)?
Solution:

clc
sum=0;
for i=1:2:50 | --0Odd r;urgzers |0t<)3|0
SUMESUMH ; .. sum of odd numbers [~
end 625
sum ...will give—>
3
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Example (4): Given a 3 by 3 matrix, write necessary code to ghanon diagonal
elements to zero?

Solution: M =
(I\:/:=F512'315'621] > 12
fori='1:3 ' 3 1 5
for j =1:3 6 2 1
if i~ %if i Not equals j
Mi,j)=0; %put 0 in non diagonal elenents R
end M=
end
end
M 5 0 O
0O 1 O
0O 0 1

Applied Exercise:

Exercise (1): Write Matlab code to calculate the average dgnsionductivity, and
specific heat for water in the range of temperaftwen (0-50f C, providing that these
parameters for water are function of temperature 8se following equations:

The Density: P=1200.92 — 1.00%8 #0.001084 * (T°)?
The Conductivity: K= 0.34 +9.278 * 0 T,°
The Specific heat: £= 0.015539 * (F°— 308.2§ + 4180.9
Note 1- Take 11 points of temperature.

2- Temperature in Kelvin degree = Celslagree + 273.

Solution:
| Averagedensity =

clc

aP=0; aKc=0; aCp=0;

for T=273:5:323 997.7857
P= 1200.92-1.0056 * T + 0.001084 * T"2;
Kc=0. 34+9. 278*10"-4 * T;
Cp=0. 015539*( T- 308. 2) *2 +4180.9; Averagecoductivity =
aP=aP+P; —
aKc=aKc+Kc;
aCp=aCp+Cp; 0.6165

end

Aver agedensi ty=aP/ 11

Aver agecoducti vi t y=aKc/ 11 . L

Aver agespeci al heat =aCp/ 11 Averagespecialheat F

4.1864e+003
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Exercise (2): Write Matlab code to compute the Areas of 4 [Es@and Squares shown in
the figure below, knowing that the first circle tempoint in x-axis = 100, radius = 5 and
is increasing for others in 1.25 of the previoudiug, with center point displacement =
radius?

1.25r CircleArea=
Solution:
78.5398
clc
xzéOO; SquareArea =
r=5;
Circl eArea= r"2*pi 25
Squar eAr ea=r "2
for i=1:3
r=rx1.25; CircleArea =
X=X+ ; >
Crcl eArea= r"2*pi 122.7185
Squar eAr ea=r "2 '
end
SquareArea =
39.0625
CircleArea =
191.7476
SquareArea =
61.0352
CircleArea =
299.6056
SquareArea =
95.3674

5
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Exercise (3): Write Matlab code to calculate t values in resge the following:

t=200 .........oceeeiiei i veeeenne... When y is below 10.000
=200+ 0.1 (y—10.000) ........... When y is betwe8r000 and 20.000
=1.200 + 0.15 (y — 20.000) ....... When y is betw2@rD00 and 50.000
=5.700 + 0.25 (y — 50.000) ....... When y is aboved60?

To test the program, try values of y = 5.000, 1@,@5.000, and 75.000.
Solution:

>> y=5.000;
When applying y test values we ge/
i f y<10.000 — =
t =200
el seif y>=10. 000 & y<=20.000 | 200
t =200+0. 1*(y- 10. 000)
el sei f y>=20. 000 & y<=50. 000 >> y:l7 000
t =1. 200+0. 15* (y- 20. 000) T
el sei f y>50.000
t =5. 700+0. 25* (y- 50. 000) t=
end \

200.7000
>> y=25.000;
t=

201.5000
>> y=75.000;
t=

206.5000

Lecture prepared and edited by:
Assist. Professor/ Emad Jihad
2013
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Graph plot in Matlab

Computer Graphics (CG) is one of the most importes&s in all fields. Graph plotting
considered one of implementations of CG.

Matlab provides many methods to deal and gener&ade@ Graphs representing
mathematical and statistical data. When plottingraph, a special Graphic window
displayed

1- Plotting symbolic functions
In order to plot a function grapBzplot command (easy plot) is used to plot.

Example (1): Plot the function: y = Sx+ 3x - 4:
53243 x4

>> ezplot('5*x"2+3*x-4")

200

150

100

50

Or, we can plot the same
Plot with different axis scale
In case we define values to it. 53243 x4

For example between (-4 and « | ' ' ' ' ' ' ' ]
To the independent variable.

80 -

>>ezplot(5*x"2+3*x-4',[-4:4])| |

60

a0

40+

0

201

0

[]_

-10¢ 1 1 I I I I 1 .
-4 -3 -2 -1 0 1 2 3 4

1
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2- X-Y Plots (vectors)
Using vectors to define Cartesian x,y datmspavith same number of elements in
both axis. Let x vector be the x-coordinates wkh &,...,X,) elements, and y vector the

y-coordinates with (iyy-,...,yn) elements then the commaptbt(X,y) will generate the
graph of these pair of elements.

Example (2): Plot the graph of two dimensional for the follogir,y coordinates:
(0,0), (1.5,3) ,(4.25,0.5), (2,1), (3,2.5)?

3

>>x=[0 1.5 4.25 2 3];
>>y=[030.512.5];

>> plot(x,Y) —

25+

151

05F

Matlab can plot different functions

0

Such as sin, cos, log, ...etc. L e
Example (3): Plot sin function for x values 0 to 10 with incseay value of 0.27?

B Figure 1 —— J——— ESRECR X
>> x=[0:0.2:10]; File Edit View Inset Tools Desktop Window Help ~
>> y=sin(x); S E N R A
>> plot(x,y)

.

0.8+
061

Notice that the x-axis i

Scale according to x 02F
Vector values, while
The depending

y-axis scales accordin A
to function given. 04}

0F

DBF

Nar

-1

2
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Example (4): For the same x values in previous example, pefduhction: y = log(x)?

Bl Figure 1 ID—“EII&
>> y:|og(x); File Edit View Insert Tools Desktop Window Help 9

>>plot(Xy) |[— (Do de | k| RRO0EL-2/0H O

2.5

2_
15F
1_
05}

Decor ating the graph: o
Matlab has the ability to
Display the output graph
In various forms. Ar
These decorations can be
Done either from menu
Bar of the graph window, 21 2 3 4 5 & T & 9 o
Or by using items within
The plot command, such as:

Character colors. k (black), g (green), r (red), b (blue)...

Nhe+

15F

Character symbol: . (point) , o (circle)x (star)...etc
Character Linestyle: - (solid),: (doted),-. (dashdot); - (dashed)...etc

Example (4): Plot function y=cos(x), with red color, circles atiotted curve?

1 T T T T T T
>> y=cos(x); %b ¢ %

b 08 ? % _
>> plot(x,y,'ro--" — &

06 P b _
0.4} 1S (f Eg\ _
02r § f i

0F &) ?) e';‘-) 4

¢ b
IR

DB ,& ,?E, E) a
08t Y ¢ & 3
0 - R o

3
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We can also control the plot axis by defining thmimum and maximum values for x
and y axis by usin@xiS([x.min x.max y.min y.max]).
For example >> axis([-4 4 -10 10]).

Plots of parametrically defined curves can alsonbée as in the following example.
Example (5):

;
>> t=0:0.001:2*pi; 0.8
>> x=c0s(3*t);
>> y=sin(2*t);
>> plot(x,Y) —_—

06

04

02r

0_

02+

D4r

NDBF

-0.8

To give titles to axis we can either use the plotdow menu bar then choose insert :

X Label, Y Label and Title, or use direct commasdrathe examples below.

Example (6): Plot the function y = sin € with x-axis, y-axis label titles Time and
Amplitude respectively?

y=sin(x."2);
plot(x,y);

xlabel('Time") -
ylabel('Amplitude’)

Notice that we used
Sin(x.*2) to define the
Function in this case.

Amplitude

4
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Multiple plots

Another Matlab feature is to plot more one grapthait removing each other by using
figure command. Also more than one graph can be plottéiaei same plot window:
Example (7): Plot functions y=sin(x) and y=exp(x.”2) and keegthbdisplayed for x
value (-1 to 1 with increasing point 0.01)?

>> X=[-1:0.01:1];

>> Y=exp(X."2);

>> plot(X,Y)

>> ylabel('"Exp (X"2)")

>> title('Function y = exp(x"2)'
>> figure

>> X=[-1:0.01:1];

>> Y=sin(X);

>> plot(X,Y)

>> ylabel('sin (X) in radian’)
>> title('Function y = sin (X))

figure 1.

Function y = exp(xz}
238 T T T

... Using figure
than one plot
windows.

figu

1

26

24F

22¢

sin (X] in radian

| i " i I I
-04 02 0 02 04 06

I
-06

I
-1 -08

I
0.8 1

08
06
04}
02f

s

L
-1 0.8

command enables to display more
at the same time in two graph

re 2.

Function y = sin (X}

L L L L L L L L
06 -04 -02 0 02 04 06 08 1

Now to plot two or in general multiple plots in ogeaph, hold on command is used.
However, the axes may be rescaled according tasheee in the example below:

>> X=[-1:0.001:1];
>> Y=exp(X."2);
>> plot(X,Y,’r")

>> hold on; -
>> X=[-1:0.001:1];
>> Y=sin(X);

>> plot(X,Y,’b’)

This situation remains active until
Switched off byhold off.

3
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Subplot

To split the graph plot window to several or muéign X m) array of smaller windows,
another Matlab command is used whiclsudplot.

The general format is subplot(nmp), where n andrentlae number of smaller window
plots or the rows and columns, p is the sequenteegblot within the whole graph.
Properties such as hold on, grid, color or othelisvork on each individual subplots.

Example (8): Suppose we want to plot 4 plots<@ in one graph, then the code could be
as in below:

>> x=0:0.01:2;
>> subplot(221), plot(x,cos(2*pi*x),'r") | ... Defining subplot (1)
>> xlabel('x in radian’)
>> ylabel('y values')

>> title ('y = cos(2*pi*x)’)
>> subplot(222), plot(x,sin(3*pi*x),'g--"] ... Defining subplot (2)
>> xlabel('x in radian’)
>> ylabel('y values')

>> title ('y = sin(3*pi*x)")
>> subplot(223)

>> plot(x,exp(3*pi*x),'ko")
>> subplot(223)

>> plot(x,exp(5*x),'k-")
>> xlabel('x values')

>> ylabel('y values')

>> title ('y = exp(5*x)")
>> subplot(224)

>> plot(X,Iog(x),'b') n Figure 1 = [ B |
>> Xlabel(.x Values.) ..Flile Edit ‘Iu'iew Insert TUO: Desk_‘top Window Help . a
>> ylabel(y values) |- d=e kU DwA 8 OH 20

>> title ('y = IOg(X)l) y = cos(2*pi*x) _ y = sin(3*pi*x)

1 1=
05 054
0 i}

05 J 05
4 K

0 0.5 1 15 2 0 05 1 15 2

y values
y values

x in radian X in radian
N 100 y=exp(5x) y = log(x)

y values
¥ values

2
2 0
-2
1
4
0 -6
0 05 1 1.5 2. 0 045 1 15 2
x values wvalues
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Three Dimensional Plots

Matlab can produce 3 dim. Plots by simply using s@ndplot3 that will turn curves of

2 dim. Into 3 dim.

To plot a 3D graph, we need to define the x, y, aldis in order to make the graph. As
mentioned before, the number of elements of eatheothree vectors must be the same
and are usually defined parametrically.

Example (9): Plot a 3D graph if the values of t were (t=0.01:8B0%pi), and the three
vectors of x = cos(t), y = sin(t), and z=t"3.

Prespective 3D graph

>> 1=0.01:0.1:30*pi;
>> x=cos(t); x10°
>> y=sin(t);

>> 7=t 13,

>> plot3(x,y,z)

>> xlabel('x = cos(t)")

>> ylabel('y = sin(t)")

>> zlabel('z = t"3)

>> title('Prespective 3D graph

p—

y = sin(t) o % = cos(t)

Surface

We can plot the surface plot of square matrix el@sméorming also a 3D graph using
surf command as illustrated in the following example.

Example (10): Given a vector v=[0:0.02:1], plot the surface bf y matrix, when
y = cos(v*2*pi)?

>>v=0:0.02:1; : _
>> y=cos(V*2*pi); :
>> m=y'*y: R
>> surf(m) —

T {\ )
TR
t‘\"":’*}?’
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Bar chart plot

We can also plot bar chart or graph instead ofesinsingdar command as follows:
Let x=-4 to 4 and y=x+2, by using bar command we ge

>> x=-4:4,
>> y=x+2;
>> bar(x,y) s
>> xlabel('x values')

>> ylabel('y=x+2 values'
>> title('Bar Chart’) . 3t

Bar Chart

¥+2 values
n

Y=

x values

We may also combine two or more different plottatgles in one graph window:

>>x = -2.9:0.2:2.9 ! ' ' ' '

>> bpar(x,exp(-x.*x),'r") 09
>> hold on

>> plot(x,exp(-x."2)) 0.8

0.7

06
Notice the use of hold on
Command to enable plottin
More than on plot onthe |04
Same graph window as
Mentioned before!
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Simple Problems

1- Plot the log of the values from 1 to 100?

>> x=1:100; 45|
>> y=log(x); i
>>plot(x,y) | — ¥

3|

251

PN

15+

1l

051

0

L I L I I L L L I
0 10 20 30 40 50 60 70 80 90 100

2- Plot the Parametric curve x=t.cos(t), y=t.sin(t) f@ =<t <=10.

>> 1=0:10; ’
>> x=t.*cos(t); o
>> y=t.*sin(t); A

>>plot(x,y) | ——

3- Plot the cubic curve y=xlabel the axis and put a title “A Cubic curve pira

A Cubic curve Graph!

>> ezplot('x"3)

>> xlabel('x axis')

>> ylabel('y axis')

>> title('A Cubic curve Graph!’)

250-I
200
180
100

S0

y axis
f=]

50k
-100
-180 |
-200

250 F
.
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4- Plot y=(X + x +1)/ x, for - 4 =< x <= 4 and -10= <y <= 10.

(x3+x+1 Wx
10 T

>> ezplot('(x*3+x+1)/x")
>> axis([-4 4 -1010]) |—— 87

A0 1 1 1 1 1 1 1
-4 -3 -2 = 0 1 2 3 4
X

5- Plot y=In(x+1) and y=1- %on the same window for -2 < x <6 and -4 <y < 4.

>> ezplot('log(x+1)") log(x+1)
>> subplot(211) . '
>> ezplot(log(x+1)") 2t
>> axis([-2 6 -4 4])
>> subplot(212) o |
>> ezplot('1-x2") 2r |
>> axis([_z 6 -4 4]) 4 ! ! ! ! ! L
-2 1 0 1 2 3 4 5 6
152
4 T
| ]
ol i
ol 7
-4 1 | ! | L L .
i) 1 0 1 2 3 4 5 6

Lecture prepared and edited by
Assist. Professor/ Emad Jihad
2013
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Image Processing in Matlab (a basics introduction)

Matlab is widely used in many Information Technology (IT) and computer science
fields such as Image processing.

Images are represented in 2 dim arrays. An Array of Gray scale image needs to
include numbers represent the Pixels intensity value and the Gray level.

Gray level will be (0) for Black level and (255) for the White level, while other in
between levels should be ( > 0 and < 255 ) according to the pixels Gray levels.

For Color images, we need to define (3) 2-dim. Arrays to hold the values of the three
main colors RGB (Red, Green, and Blue) for each pixel.

To read a (jpg) image format file, imread (imagefilename.jpg') is to be used, then
figure and imshow commands are used to show the image on figures window.

Reading/Showing image files in Matlab

Ex1: Show how Matlab read and display a B/W image (‘tcb-bw.jpg’) and a color
image ('tcb.jpg)?

>> % Black and White image | B Fou=2 N s =

>> [1 = imread('tcb-bw.jpg"); File Edit View Inset Tools Desktop Window Help ¥
>> figure; L e [ W= - | Bl »
>>imsh()w(Il); — j_i‘lﬂ 2|k % \{ﬁ?@ﬁ’f r_.-s-[l EE
>>% Color image

>> 12 = imread ('tcb.jpg');
>> figure;

>> imshow (12);

==

X 10 20
RGB: 255, 255, 255

File Edit View Inset Tools Desktop Window Help

DL AR ODEL- (3|0 E|

X 18Y: 29
RGB: 255, 255, 255

For Both cases we picked a pixel
Show coordinates and RGB value
of (255,255,255) for White color.
Note: For some colored images
Converted to Gray scale

image, Gray scale might be also
(0~255), But (0~1) is possible too.



Also, we can show the image directly without using the figure command as we did.

>> imagel = imread('tcb.jpg');
>> imshow (imagel);

This is practical only when using 1 figure, otherwise figure command should be used.

Sub imaging

As an image is a 2 dim. Array of pixel values, thus we can get a sub image from the
original one as we explained before in the vectors and Matrices chapter.

The new sub image will be defined as the following: IS=Iss(x1:x2,y1:y2,1:3)

Where (IS) is any name for the source image, (Iss) is the new sub image, x1,x2,y1,y2
are the beginning and ending pixels as rows and columns, while (1:3) is the third
dimension which gives the three RGB color channels used (i.e. R=1, G=2, and B=3).

Ex2: Perform sub image segmentation from a given image?

File Edit Wiew Insert Tools Desktop Window Help -~

Ddde | MR OB9EL-2/0 ~

>> [S=imread('MechaTron.jpg");
>> imshow(IS);

>> Iss=1S(200:400,100:300,1:3);
>> imshow(Iss);

Arduiing

"' 2a Figure 1 EIL_‘
|| File Edit View Inset Tools Desktop Window Help ~|
" 3 & i '
In Matlab, We can know No. Ddds ROV EL-E|0 ”_

Of Image rows and columns frqg
The Workspace window..
as shown Below:

Workspace 0O X
5@ E {E ﬁ % i!@Selectdat... -
Mame = Value

Hi1s <575x75633 uintf =
HH 1=x <201%50153 uintd>

Or, simply use Size command:

>> size(IS)
ans =
575 756 3




Converting Color image to Gray scale image

To convert from color to Gray level image, rgh2gray(image name) command is used,
where image name is any color image file with extension (usually jpg).

Ex3: Convert the previous color image to gray level image.

: 'a Figure 1 .
File Edit View Insert Tools Desktop Window Help ~

D de | Lk RAADDEL-|E >

>> GI = rgb2gray(1S);
>>imshow(GI); ——

Now to Save the New Gray scale
Image, imwrite command is used.

Ex4: Save the previous gray scale
Image into a new file.

duins

>> imwrite(GI,'ISGray.jpg");

Drawing the Histogram of an image pixel colors

imhist command is used to show a histogram chart of No. of pixels according to
colors as shown below:

ExS: Draw a histogram chart showing the No. of pixels according to colors of an

image? —

.,:n Figure 1

,; File Edit View Insert Tools Desktop Window Help N

INSde kAKODEL-S0H a0
250[}- T T T T

) ) 2000
>> imhist(GI) =T

1500
1000
500
!
=
ol
la ] 1 1
s 0 50 100 150 200 250
= Color codesi(0-255)




Converting From Gray scale to Black and White (BW) image

To convert an image from Gray level to BW, we use im2bw command, Thus only 2
colors image will be generated.

Ex6: Convert an image from Color to Gray level, then to a BW image.

{m Figure 1 |E££
>>SS = imread (‘Fruits.jpg); | File Edit View Inset Tools Desktop Window Help =
>> figure (1); imshow(SS); o ; = = 5
>> title ('Color image'); \ DS de | b |ARKRODEA- [0
>> GR=rgb2gray(SS); Color image
>> figure(2);imshow(GR);
>> Bwi = im2bw(GR);
>> title ('Gray Scale image');
>> figure(3); imshow(Bwi);
>> title ('B/W image);

File Edit View\ Inset Tools Desktop Window Help =~
=" L D9ORL-2(0
Gray scale image
r_ Figure 3
File Edit View Insert] Tools Desktop Window Help
Ddde | kYLD EL- S0 »
‘?IW image




Image Brightness

To increase or Decrease the Brightness of an image, just us (+) for Brighter or (-) for

Darker image!

Ex7: For the Color image in Ex6. Increase the Brightness first, then Decrease the

original image brightness by the value of (50).

>> SS=imread('Fruits.jpg");
>> figure(1);imshow(SS);
>> SSB=SS+50;

>> figure(2);imshow(SSB);
>> SSD=SS-50;

>> figure(3);imshow(SSD);

n Figure 2

nFigurel == B X

File Edr View Inse Too Deskt Windc Hel =~
U e | |RML- »

Original image
— -

|| File Edi Viev Inse Too Desktc Windc Hel, ~

AL I

File Edr Viev Inse Too Desktc Windc Hel = |

AL I

Brighter image

Darker image

- "E'!\'-E
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What Is a GUI?

A Graphical User Interface (GUI) is a graphical display in one or more windows
containing controls, called components that enable a user to perform interactive tasks.
Modern Programming languages such as VB, visual C++, .etc. And also Matlab are
using several components or Objects along with programming code or script to design
an interactive application.

The user of the GUI does not have to create a script or type commands at the
command line to accomplish the tasks. Unlike coding programs to accomplish tasks,
the user of a GUI need not understand the details of how the tasks are performed .

GUI components can include menus, toolbars, push buttons, radio buttons, list boxes,
and sliders—just to name a few. GUIs created using MATLAB tools can also perform
any type of computation, read and write data files, communicate with other GUIs, and
display data as tables or as plots.

The following figure illustrates a simple GUI that you can easily build yourself .

=} simple_qui [_ O] |

Surt
Mesh

Contour

Flek

Zelect Data

Peaks j

As an example, The above GUI contains:
® An axes component

e A pop-up menu listing three data sets that correspond to MATLAB functions:
peaks, membrane, and sinc

e A static text component to label the pop-up menu

¢ Three buttons that provide different kinds of plots: surface, mesh, and contour

When you click a push button, the axes component displays the selected data set using
the specified type of 3-D plot .



Getting started

To start using GUI, from menu tool bar, select the (GUIDE) option or directly write
the command on Matlab command space, then as a new window appears, select Blank
GUI to open a new job, then press (ok) as seen below.

File Edit Debug Parallel D incow Help

= | sRR9 e | &&ﬁl@ | (7] | Current Fo[der‘.! Ch\Users\Emad\Documents\MATLAE ‘E] ®=
Shortcuts [#] Howto Add (7] What'mew\
CurentFolder '+ O @ | Varisble Editor "

@ % ) «M.r v 2”@ Newto MATLAB?

| Command Window Gl re ity

h this Video, see Demos, or read Getting Started.

e
L] Name «

slprj r '
g :isptl.m Create New GUI | Open Existing GUI
] Fruits.jpg
%] guil fig GUIDE templates Preview
] guit.m | Blank GUI (Default)

ﬂ_ ?mageprol‘rn 4\ GUI with Uicontrols
i nprasy: 4 GUI with Axes and Menu

a inp.m 4 Modal Question Dialo
@] I5Gray.jpg :

@] MechaTron.jpg
Modell.mdl

L | myfilel

@] Robo.jpg

E} Robeol fig

4| RoboGray.jpg

sC.m

[7] Save new figure as: EC:\Users\Emad‘\DDcuments\MATLAB\untitli| | Browse..

| | sinc.asv

D sinc.m
sincZ.m

41 tebijpg

4] tch-bw.jpg

ok || cance ][ Hep

A new GUI window will appear, on the left side you will find the necessary tools or
components (objects) to design your job, that when selected, enables to locate and put

on the design grid area. After finishing the design with all script, the Run figure | b
tool will start running it.

File Edit View Layout Tools Help

DGH sBR20¢ | +BMhd %P

4

Tag: figurel Current Point: [478, 405] Position: [520, 380, 560, 4201



The following figure illustrates the procedures of making a GUI application.

mrianu soaew e s ey

] guid.fig - -— .J -] Editor - C:\Users\E_ma:\_D_ocumenu\MATlAB\quiO.m 23 Inspector: vicontrol (text] "Enter Value”) 1 -5
. — ' ; . - DTH
File Edit View w Help | Tools Debug Desitop | ng A .
NEH| & 28 EEEEEEL Y RREL ) 'ﬁ_%!_“‘_;_«?s__;é‘_'_éﬁ‘_'"_ CreateFen ®¢‘-
i - - B | [+]11 x| @ W Deleteren &
al function varargout = guil(varargin) Enable on B
‘ | _ _ L2 + GuIo le for guio.fig @ Extent 002042231
E 5 Enter‘Va]ue i j z FontAngle normal B
— LA : il - . FontName MS Sans Serif 2
= : : : 5 13999990999990908 &
B 9.0 FontUnits points -
FontWeight normal B
A & ForegroundColor & -
HandleVisibility on =
Enter Value Hilext on 2
HerizontalAlignment center 5
Interruptible on B
KeyPressFen 3| 2
ListboxTop 10 2|z
Max 10 &
Min 00 &
[# Pasition [19.6 25.308 30.2 2.231]
SelectionHighlight on -
[# SliderStep [00101]
- o
o tal Hyle fet =
Tag — s
TooltipString &
UlCentextMenu <Nonex ]
Units characters B
UserData B 00 doublesray] &
A el

1- Select components from tools option and locate them on grid area.

2- Double click on any selected component (for example, the Edit text), an
inspector window appears with all properties you need to specify (for instance,
Font size, color, string (the caption string of the text), Tag...etc.

3- Editor script window will have all code of Matlab program, and finally

4- The GUI application that will start as you click on Run tool P and save the
figure to your folder with extension (.fig).

(Note: for more details on the GUI tools and options, use Matlab Help, or see
other references about the subject!).



Ex1: Recall the problem of computing the factorial of any integer number (N?).

Factorial finder!

Enter a Number:

Compute

120

Des1gn a GUI to compute the factorial of any integer number like below

Solution:
il - uic
File Edit VWiew Layout Tools Help E_ | Ea .-.
1@6&'%%.q@|$@@ﬁ|@ﬁo‘lb [ BackgroundCeler I:I =
| | | BeingDeleted off
. Factorial finder! . B ek .
| ButtonDownFen ) &
I — | . [l
Enter a Numbet: ‘ ata [0x0 double array] &
Callback z @
| | |_ I ] Clipping on -
Compute CreateFcn = &
| | | DeleteFen ke &
Enable on X
Extent [0030.8 2.077]
‘ | FontAngle normal %
FontMame Arial &
1 FontSize 150 2|
Tag: textl Current Point: [2, 204] Pesition: [115, 180, 1 FontUnits points -
' - R FontWeight bold <
(5|
After we fix our design, we start to specify y ;:r::,:,::iﬁ;m : .
The properties for each of its objects. HitTest on -
Static text (such as 'Factorial finder!") for HarizontalAlignment center -
Example, has been given the properties r“;“pt:}'e e .
° 2 2 - eyPressFen el
Shown in the inspector window \stborTop 0 7
Max 10 &
Min 0.0 &
Position [22.8 13,769 34.8 2.385]
SelectionHighlight an =L
SliderStep [0.010.1]
String @ Factorial finder! &
Style text -
Tag textl &
.55 WB) " 1 Selected I | TooltipString P

The same is for the second Static text ('Enter a Number :')...



While for the Edit text that to allow user entry, the procedure is like below.

File Edit View Layout Tools Help I
DBQ|J&%‘*}@|$@5{|@||§“3|& [ BackgroundColor
| | | BeingDeleted
Factorial finder! BusyAction
i | ButtenDownFcn
T CDat
Enter a Number: . =
| Callback
| | Clipping
compute CreateFcn
| | | DeleteFen
Enable
Extent
‘ ‘ ‘ | ‘ ‘ FontAngle
FontMame
g FontSize
. Tag: number Current Point: [277, 14] Pesition: [250, 131, 10 FontUnits

FontWeight
Notice that the Tag of this edit text has been Jj * ForegroundColor
given the name 'number’, this will be used Eﬁ";":‘“"'b"'w
in program Script latter.

HorizontalAlignment
Interruptible
KeyPressFen
ListboxTop

Position
SelectionHighlight
SliderStep

String
Style

v

#| [1xl function_handl...

1
off

queue

[0 double array]
[1:d function_handl...

on

an
[0022308]
normal

M5 Sans Senf

150

points
normal
|

an

on

center

on

1.0

10

0.0

[49.8 10 20.2 3]
on

[0.0101]

edit

number



The most important object or component in the design is the Push button; in which in
this example has been given the title 'Compute' to give the Factorial result.

File Edit View Layout Tools Help

NSH R0 2B50hd E% P

Factorial finder!

Enter a Number:

Compute -

4

Current Point: [176, 2]

Tag: factonal

The Tag of this button is 'factorial' that
Will be used in script latter on.

Position: [150, 80, 10:

BackgroundColor
BeingDeleted
BusyAction
ButtonDownFecn
CData
Callback
Clipping
CreateFcn
DeleteFcn
Enable

Extent
FontAngle
FontMarme
FontSize
FontUnits
FontWeight

ForegroundColor
HandleVisibility
HitTest

HaorizontalAlignment
Interruptible
KeyPressFen
ListboxTop

Position
SelectionHighlight
SliderStep
String
Style

&

&

& Ee

|8y

queus

[0x0 double array]
[1:1 function_handl...

on

on
[0017.62231]
normal

M5 Sans Serif
13.999999399929998
points

bold

]

on

on

center

on

1.0

1.0

0.0

[29.8 6,077 20.2 2.615]
on

[0.0101]

Compute
pushbutten

factorial




Finally, the result after hitting the Compute button is a Static edit as illustrated:

File Edit View Layout Tools Help Bz a) o=t

'Inspeclnr: uicontrol (fact™ "

FERFENE)

NEd $2m9 -  2Bhd DH% P
1]

Factorial finder!
| | I

Enter a Number:

¥ BackgroundCalor
BeingDeleted
BusyAction
ButtonDownFen
CData
Callback
Clipping
CreateFen

Compute

| | | DeleteFen

L] Enable

¥ Extent
‘ | FontAngle

FontMame

FentSize

Tag: fact

Current Point: [286, 1] Position: [50, 30, 301, FontUnits

FontWeight

[ ForegroundCelor
HandleVisibility
HitTest

See her that the String is blank, so that can
Show during the run the result computed.
The Tag given to this object is 'fact' that
Will be used in our script.

HorizontalAlignment
Interruptible
KeyPressFen
ListboxTop
Max
Min

¥ Paosition
SelectionHighlight

SliderStep
String
Style
Tag

Il Toottipsting

Now, the steps of writing the program script of this design:

[Il=
off
queue
ﬂ [0x0 double array]

e

on
[00182231]
normal
MS5 Sans Serif
13.999999999999998
points
bold

P
on
on
center

on

1.0

10

0.0

[9.8 2,231 60.2 2154]
on

[0.0101]

text
fact

% ——— Executes on button press in factorial.
function factorial_Callback (hObject, eventdata,
hObject handle to factorial (see GCBO)
% eventdata
of MATLAB
% handles
GUIDATA)
n=str2num (get (handles.number, "'string'));
f=1;
for i=1:n

f=£f*1i;
end
ff=num2str (f);
set (handles.fact, 'string', £f);

o\

handles)
reserved - to be defined in a future version

structure with handles and user data

(see

% % Y % % F

% % W
m

4

Ll

4

% %

The function name is 'factorial_Callback'), the (str2num) is used to turn the string into
numeric value so that computing will occur after getting the variable called 'number’
that the user will enter, then the algorithm for computing the factorial, and finally,
turn the result (f) back into string called (ff) which will give the result.



Ex2: Write the script necessary to plot any line segment (ax + by = c), and also
compute y-intercept and line slope using the design below:

Line segment (ax + by =c) Slope Plotter

Enter Solve!

y-intercept: 04

line Slope : 0.8

Solution:

The design can be similar to the following:

=] Slopig -
File Edit View Layout Toacls Help

gl sdam20 | aRBBhyA BEY b
Line ségment {ax + by =c) Slnpe Plotter

a b c

: Solvel ;

y-intercept;

EEmEEeEEF
BECIEEEY

m

:

line Elnpu . axest

Tage slop Current Point: [515, 377]  Pesition: [400, 372, 100, 32]



Emad
Sticky Note
intercept point = c / b

Slope = -a / b

y = ( c - a.x) / b .... (Or, y = c/b - a.x/b)


While the script necessary to execute the program is:

% ——— Executes on button press in slop.

function slop_Callback (hObject, eventdata, handles)

% hObject handle to slop (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

a=str2num(get (handles.a , 'string'));
b=str2num(get (handles.b , 'string'));
c=str2num(get (handles.c , 'string'));
int=num2str (c/b) ;

slope=num2str (-a/b) ;

set (handles.int, 'string',int);

set (handles.slope, 'string', slope);
x=0:10;

y=c/b -a/b*x;

axes (handles.axesl) ;

plot (x,y);

xlabel ('x");

ylabel ('y");

guidata (hObject, handles) ;

Notice that the command axes is used for enabling the plot within the frame called
‘axes1' in the tag of the component inspector properties, 'Solve!' button should have
tag name same as the function name 'slop'.

Ex3: Design the following and write Matlab script to plot sine curve?

Sin curve plot!

et

u‘ Plot!




Solution:
First, design the following layout:

| File Edit View Layout Toals Helg
DEM s aBHhs D% >
Sin curve plot!

~ Plot!

Current Point: [475,349]  Pesition: [320, 381, 521, 410]

The 'Plot!" button is to be used to plot the sin curve for (x) values between (0-10)
times pi, while the axesl is the graph area that will show the sin curve.
Matlab script to do the job can be as follows:

% ——— Executes on button press in sinplot.

function sinplot_Callback (hObject, eventdata, handles)

% hObject handle to sinplot (see GCBO)

% eventdata reserved - to be defined in a future version of
MATLAB

% handles structure with handles and user data (see GUIDATA)
x=0:0.1:10;

y=sin(x*pi);

axes (handles.axesl) ;

plot (x,y,'b")

xlabel ('x");

ylabel ('y');

% if you want to display grid, then use:

grid on

10



Ex(4): Using the techniques of image processing, Design the following layout which
displays original color image, a Gray scale and Black and white images?

Image Processing-GUI Model#1

Gray Scale Black &White

Color image

Solution:

The model design should be like this below, with one note that when working with
axes areas, no need for XTicks and YTicks, and therefore delete there data.

File Edit View Layout Tools Help

EECIFLR EEIEY - - I-ERIT _
‘Image Processing-GUI Model#1

Gray Scale Black &White

axes] axes? axes3

4

Tag: figurel Current Point: [305, 309] Position: [520, 469, 756, 332]

The script for three push buttons is:

function colors_Callback (hObject, eventdata, handles)
SS=imread('Fruits.jpg');

axes (handles.axesl) ;

imshow (SS) ;

function Gray_Callback (hObject, eventdata, handles)
SS=imread('Fruits.jpg');

GS=rgb2gray (SS) ;

axes (handles.axes?) ;

imshow (GS) ;

function BNW_Callback (hObject, eventdata, handles)
SS=imread('Fruits.jpg');

GS=rgb2gray (SS) ;

BW=im2BW (GS) ;

axes (handles.axes3) ;

imshow (BW) ;

11



Unsolved Exercise(1): write necessary Matlab script to run the following sin and cos
plotting on the same graph:

Unsolved Exercise(2): write Matlab script to run the following, with Three buttons:
the first when press will plot sin curve, the second when pressed plots cos curve,
while the third plots both curves when pressed?

con(y)

sin {x) and cos{x)

Unsolved Exercise(3):

Normal (exp) curve plot!

Write Matlab script for plotting
the  Exponential  (Normal) From: [ 25 | Plot!
curve for any start and end ' —=
values using the design beside.




Unsolved Exercise{B): Using the techniques of image processing, Design the

following layout which displays original color image, a Gray scale and Black and
white images on the same axes area depending on button pushed.
The fourth button is to Exit from program as well as from Matlab?

B - ==

Image Processing-GUI Model#2

Color image

Gray Scale

Black &White

i
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Simulink

Simulink, developed by MathWorks, is a data flow graphical programming language
tool for modeling, simulating and analyzing multidomain dynamic systems.

Its primary interface is

1- a graphical block diagramming tool and

2- a customizable set of block libraries.

It offers tight integration with the rest of the MATLAB environment and can either
drive MATLAB or be scripted from it.

Simulink is widely used in control theory and digital signal processing for
multidomain simulation and Model-Based Design...

In this lecture, only a simple introduction to Simulink is considered, just to give an
idea about this advanced technique in Matlab.
Activating Simulink is either by its icon or by writing its name in command window.

Window  Help

= | (71 | Current Folder: g-_l.’_':'\Users\Emadeccuments‘gMATLAB
2] What's New
Variable Editor i
2 (E) Mew to MATLABT W,

| % Simulink Library Browser IE=REERE ]

File Edit View Help
O = »» = Enter search term v P
Libraries Library: Simulink search A 4 |[» |
=87 simulink -
- Commonly Used Blocks b

- Continuous

Frfesimalink

fx o=

-
Commaonly Used —
Blodes

- Discontinuities

Continuous
- Discrete

- Logic and Bit Operations

Discontinuities

- Lookup Tables

- Math Operations

- Model Verification

- ModelWide Utilities
- Ports & Subsystems
- Signal Attributes

- Signal Routing

Disorete

& 7] OF (7] [

Logicand Bit
O perations

m
m

m

- Binks Lockup Tables
-~ Sources
- User-Defined Functions Math _
[+ Additional Math & Discrete Cperations
EEI--E Aerospace Blockset T
I_JE Communications Blockset Veerification

E Control System Toolbox

NModel-Wid
= 1| Fuzzy Logic Toolbox . i

Liilities
E Image Acquisition Toolbox
A E Instrument Control Toolbox Eonts &
Subsystems

- i Model Predictive Control ...
]E Meural Metwork Toolbox
- gk RF Blockset

JE Real-Time Workshop
:E Real-Time VWorkshop Em...
E Report Generator

= Robust Control Toolbox 2 — =

Showing: Simulink

Signal Attributes

Y e O O |

B [ B2 (1) (&8 (&) [

Signal Routing

1




From file command on the menu bar, select (New) for a new Model or (Open) to open
an existing one.

As can be seen that the Simulink Library browser shows many block diagramming
tools that the user can select from and making the model.

Ex(1): Make a new model that has blocks represent sin wave, integrator, and a Scope.

(& Function Block Parameters: Integrator — I S“’F*m

IEgatr SE|PLL ABEB PAEFE -

Continuous-time integration of the input signal. - Source Black Parameters: Sine Wave ]
Parameters it =

Output a sine wave:
External reset: |none
O(t) = Amp™Sin(Freq™t+Phase) + Bias

Initial condition source: |internal ) & (breq )

Initial condition: Sine type determines the computational technique used. The parameter,
@ in the two types are related through:

Samples per period = 2*pi [ (Frequency * Sample time

[7] Limit output AL P teaiercy it ) L
Upper saturation limit: Number of offset samples = Phase * Samples per period / (2%pi)

inf W 4 Use the sample-based sine type if numerical problems due to running fo
Lniier etiiation i File Edit™ifew Simulation Format Tools HElp large times (e.g. overflow in absolute time) occur.

Cinf O HEN 2R S T ! |l ﬁ Farameters

[T] Show saturation port \ Sine type: {Time based -
[”] Show state port 1l Time (£): lUse simulation time A

s

Absolute tolerance: Integrator Amplitude:

auto 1

[T] Ignore limit and reset when linearizing [ Bian

[ Enzhla 7arn-rrnccina Aatartinn

Sins Wave Scope 5
Fradlonm.
(| < 1 ]
| i00% - ~del’ | [ OK ] Cancel Help

First, a new blank model is selected, then graphical blocks of components are selected
from the different libraries of Simulink, then necessary values given after connecting
all block in the model, and finally double click on scope and get the output.

Ex(2): Use a scope to prove that the logical (AND) is correct?

= | Untitles nt
Simulink Library Browser | = l-E- 25 B untitled * |
. i € +e File Edit Wiew Simulation Format Toels Help I
[ 3 . Enter search term - [ |\ » ||
Libraries Library: Simulink/Sinks Sei 1k 3
=1~ ] Simulink -
- Commonly Used Blocks {E] Display
- Continuous

- Discontinuities Flesting Scope

-~ Discrete

- Logic and Bit Operations

- Lookup Tables Onri

- Math Operations

- Model Verification Scope Constant1

- Model-Wide Utilities

- Ports & Subsystems

- Signal Attributes

- Signal Routing

- Sinks

- SOUrces

-~ User-Defined Functions.
-Additional Math & Discrete

Aerospace Blockset
simout To Waoriks)
Communications Blockset ° pane

Scope

m

Stop Simulstion

Terminator

To File

Control System Toolbox

Fuzzy Logic Toolbox — XY Graph
Image Acqguisition Toolbox
Instrument Control Toolbox
Kodel Predictive Control ...
Neural Network Toolbox
RF Blocksset

Real-Time Workshop
Real-Time Workshop Em...

e rrrs ey -

= Report Generator
| b Robust Control Toolbox e
Showing: Simulink/Sinks




For all values used to test any condition, these values may either be entered as seen
before in Ex(1) or input is possible through the command window or make a program
script to do it faster after giving a variable name to define those variables.

Ex(3): Write Matlab script to input variables to be used in a model contains two
logical variables as input to a Logical And, and another two input variables to an Add
block, then find the output using a scope for each.

First, changing the variable names of input within block properties, then writing the
script to define the interactive input that to be entered through command window:

[o)

% input variables for Logical And/ Add blocks
model

input('a : '");

a=ans;

input ('b : ");

b=ans;

display (' ")
input ('x1 : ");

x1l=ans;

input ('x2 : ");

x2=ans;

..Matlab script.

Laasg = TVITTL TTETD

Iﬂ% fl | € | Current Folder: d:h My OwnStuffy, TEEEES
E's Mew

iCoemmand Window

- PO Il | i
b A e e
- e R s
w2 -2

W LogicalAnd [ Add Sco

File Edit View Simulation

“u
D& &8 Ny 1 I S S S
1
B ™ anD pl ]
Constant
Logical Scope
Operator
b
‘Constant1
x1 -+ ;
P={+ L I:I 2
Y S N R
Add Scopel
R N . © - o i St e e e e s e e e
‘Constant3
F100% LR ... heehee et
e
4 |




Ex(4): Design a model for an (Accelerometer) using Transfer function with
Numerator coefficients [2 2 6], and Denominator coefficients of [1 3 2] , receiving
input from step block with step time (0), initial time (0) and final value of (1).

Solution:

The model should be like the following after Autoscale is chosen for scope...

B Accelerometer

Help
File Edit View Go Favorites Desktop Window Help
Search

p-|a

Contents | Search Results

<[]

=T

B-C

ommonly Use &
-[=] Bus Cre
~I=] Bus Sele
- [=] Constar
~I=] Data Ty
~I=] Demux
-I=] Discrete
EI Gain -
1= Ground
~I=] Inport -
=] Integrat
~I=] Logical
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Description

The Transfer Fen block models a linear system by a transfer function of the Laplace-domain variable =. The block can
maodel single-input single-output (SIS0) and single-input multiple output (SIMO) systems

Conditions for Using This Block
The Transfer Fen block assumes the following conditions:

= The transfer function has the form
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where w and y are the system input and outputs, respectiv
denominator coefficients, respectively. num(s) and den(s)
denominator in descending powers of s.

= The order of the denominator must be greater than or equal|

= For a multiple-output system, all transfer functions have th|
same order.

Modeling a Single-Output System
For a single-output system, the input and output of the block are

1. Enter a vector for the numerator coefficients of the transfe
2. Enter a vector for the denominator coefficients of the trans

Modeling a MultipleOutput System {5 K R
For a multiple-output system, the block input is a scalar and the
of the system. To model this system:




Ex(5): Display the sin wave for 3 different vector elements?

Solution:

Instead of choosing one Amplitude value for the sine wave block, we enter 1:3 for
example, and the design and output should be like this:

i |

B vectorsin * =[af x

File Edit View Simulation Format Tools Help

DeHES| s 2R 4|22 0 = ]11} [Nomal "

' ,~‘.3 1]
: -
¥
Sine Wave Gain Scope

BB PP L ARE EA &




Ex(6): Design Matlab Simulink model and find the output signal for each of the gates

in the following Logic Circuit:

®

Solution:
olution ' @
bé:

Solution:

D

3,

To make the Model work for all input possible values, first write a program script:

% input digital logic variables
a,b and c

input ('a: ');

a=ans;

input ('b: ");

b=ans;

input ('c: ');

c=ans;
difspliavi(i====—====—=—====o1)
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After executing the program, with input values (1,1,1) for example for (a, b and c),
Notice that the Output will be (1, 1, 0) for gate scopes (1,2 and 3) respectively.
Notice also, that in order to display normal gate layout instead of block layout,

distinctive is to be chosen for Icon shape.

(Try to change the input values and test the output signals, also you may change the

circuit for more practicing).



Ex(7): For the simple vibration problem using 2nd. Order differential equation :
X" = - (k/m).x — (¢/m).x'

Design a Simulink model and display the output X(t), providing that:

Initial velocity source (c/m) =1, initial position source (k/m) = 1.

Set the value of (¢/m) =0.2 and (k/m) =0.4...

Time = 30 s.
Solution:
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