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1. Introduction

MATLAB, which stands for MATrix LABoratory, is an interactive programming environment for high-level
numeric computatiomndgraphicvisualization. Its basidataelement is the matrix so it i@ssumedhat any
individual endeavoring to learn MATLABias a basiknowledge ofmatrix mathematicobtainedfrom any
Linear Algebra course.

The following primer isintended as #rief guide tothe major functionsand capabilities ofMATLAB 4.0 and
SIMULINK 1.2c for Windows. Tounderstandhe full power of this software, thereadershould refer to the
User’s Manual or peruse the HELP facility (see Chapter 3 for more details).

It is important to note that th&/indows Environment is amenu-driven diskoperating systenwhereby the
major input device is a mouse. When using MATLAB, many operations caerimemedusing eithemenuor

line commands. Both methodll be describedvhere appropriatand it is left to the user tadecidewhich

method he or she is more comfortable with.

2. Getting Started

In order to run MATLAB 4.0 and SIMULINK 1.2¢, you must open an accoutt&tectraLab in roomG-01
in the Macdonald-Harrington Building. For those of you wWiawe neveopened araccount inthe VectralLab,
the procedure is quite simple and you should have no problems so long as your tuition fees have been paid.

Onceyou find the lab, jotdownits working hours whichare posted onthe door.Next, enterand find any
unoccupieccomputer. This is any computer which has the F\LOGIN> prompt. Above the pem|ited
instructions on how to open actcountand how to login once your account has beemlidated. These
instructions have been repeated below.

To open an account, type NEWUSER at the prompt and press enter. Follow the instructions on th@rsmeen.
you have finished answering all the questions, you should get back the original login screen and prtrigt. At
point, go to the front desk with your IBardand$5.00. One of the lab supervisovsill validateyour account
andgive you a receipt. While yoare atthe deskyou can add money to youraccount forprinting. It costs
$0.10/page to print on the laser printer in the lab so it is recommended that you eedya&d.00 for printing
since you will be expected to submit your results from MATLAB.

The Windows version of MATLAB can only be run on tHewlett-PackardPentiumand486 computersvhich
are found in themiddle andextremeright of the lab. ThéBM 386 machinegsanonly run MATLAB 3.5j for
DOS. Room 283 in thdacdonaldBuilding is alsoequippedwith computers but thewre mostly Hewlett-
Packard 286 machines, which alsave MATLAB 3.5}, andsome MUSIC terminals thrown ifNevertheless,
you have access to these computers with your account and it is open 24 hours/dinorodewill be given
in class.

Once you find a free computer, sit down and type LOGIN B#ik/login nameat the F:\LOGIN> prompt and
press enter. The system will prompt yfmn your passwordfFor security reasons, yopasswordwill not be
echoed orthe screen sdype carefully and press enter when done. Thain Menu will appear.Choose7)
Math & Statistics by either using the arrow keys and pressntger or bymoving the mousend clicking.
Another windowwill appeawith four choices. Choos8) Matlab 4.0 for Windows. As MATLAB is
being loadedinto primary memory,another windowwill appearstating that the filgprogman.iniis write-
protectedandthat thedefaultsettings will notchange afteyou finish your session. Click on the OK box to
proceedwith the loading operation. You should get the Commanthdow with the characteristicMATLAB
prompt “»” in order to begin your session.

Please note that since there are only 38 Hewlett-Packard machines to go around, it will be quite difficult to find a
free computer as the term progresses so one solution is to be present at the lab as soon as it oy tor the
you cannot get ugarly enough fothe opening of the lab or if yobave a course to attend, anotketution

would be to write M-Files (see Chapters 14-15) at home wsigitext editor or word processor and once you do

get afree computer, youwcansimply run your M-Filesandprint a copy of your results. In this way, you can



spendyour time in the laldebuggingon-line, interpreting your resultend optimizing your workinstead of
wasting your (and other people’s) time typing.

3. The HELP Facility

The simplestway to invokeMATLAB's instructional HELP facility is to click on thélelp menu item. A
pull-down windowwill appear. Ifyou click onTable of Contents.., a list of thedirectory nameswhere
MATLARB related files are grouped appears. Clicking on one of the directories will prebgtnbé the functions
in that directory. By clicking on a function,baief descriptionandthe syntaxrequired toimplement it will be
shown.

If you want a list of all the functionavailable on MATLABwithout having tofind the directory towhich it
belongs, simply click orindex... from theHelp pull-down windowthen click on the function tdind out
more about it. To quit the HELP facility click dfile thenExit from the MATLAB Help Window.

An equivalent method of getting on-line assistance is to hgl@ andpress enter ahe commandprompt. A
list of the directories as described above will scroll down the screen as shown below:

» help

HELP topics:

c:\matlab - Establish MATLAB session parameters.
matlab\general - General purpose commands.

matlab\ops Operators and special characters.

matlab\lang - Language constructs and debugging.
matlab\elmat - Elementary matrices and matrix manipulation.
matlab\specmat - Specialized matrices.

matlab\elfun - Elementary math functions.

matlab\specfun - Specialized math functions.

matlab\matfun - Matrix functions - numerical linear algebra.
matlab\datafun - Data analysis and Fourier transform functions.
matlab\polyfun - Polynomial and interpolation functions.
matlab\funfun - Function functions - nonlinear numerical methods.
matlab\sparfun - Sparse matrix functions.

matlab\plotxy - Two dimensional graphics.

matlab\plotxyz - Three dimensional graphics.

matlab\graphics - General purpose graphics functions.
matlab\color - Color control and lighting model functions.
matlab\sounds - Sound processing functions.

matlab\strfun - Character string functions.

matlab\iofun - Low-level file I/O functions.

matlab\demos - Demonstrations and samples.
simulink\simulink - SIMULINK model analysis and construction functions.
simulink\blocks - SIMULINK block library.

simulink\simdemos - SIMULINK demonstrations and samples.
nnet\examples - Neural Network Toolbox examples.

nnet\nnet - Neural Network Toolbox.

toolbox\control - Control System Toolbox.

For more help on directory/topic, type "help topic".

»

By typing help directory name all the functions in thadlirectorywill scroll downthe screen. To gefuick
information on functions, includingser-createdunctions, simply typeénelp function Pleaseefer to Chapter
14 for more information on how to includkelp information for your own functions.



4. Workspace Management

There arehree ways to quit MATLABYou can eithertype quit or exit at thecommandprompt and press
enter or click once oRile then onExit MATLAB .

Before quitting the workspace, it is a good idea to save it for future reference. Frigénhethgull-down window,
chooseSave Workspace As... Underthe Drives: selection box,changethe hard-disk location to f:

emf/homeyour login name. This is done by clicking on the up arrow icon next to@méves: box until

you see your directory scroll on the screen. Select it by clicking once on it. Now type the namefiténame
whereyou see*.mat. The extensionmat will be added ifyou do notinclude it yourselfafter typing the
filename. Click on the OK box.

Everyone is allotted 5MB dree disk spacewhich should be sufficient for your workut you still should
transfer all your files to portable 1.44MB diskettes justasesomething happens. To do this, ju$iange the
Drives:location toa: before saving the file. To store fileirectly from the Commandindow simply type
save(disk location a or f)flename If you do not want to save all yoMATLAB variables in the workplace,
simply typesave (disk location a or f)filename variablel variable2tc. so that only variablelyariable2,
etc. will be stored.

To retrieveyour workspacetype load (disk location a or f)filename without the .mat extensioand press
enter.

5. The MATLAB Matrix
The simplest way to enter a matrix is by using an explicit list as shown below:

» A=[1 sqrt(2) 3+j; 4 5 6-4*i; (7-2)*4/5+3 8.3 -9]

A=
1.0000 1.4142 3.0000 + 1.0000i
4.0000 5.0000 6.0000 - 4.0000i
7.0000 8.3000 -9.0000

Equivalently, the following could have been entered:

» A=[1 sqrt(2) 3+

45 6-4*

(7-2)*4/5+3 8.3 -9]

A=
1.0000 1.4142 3.0000 + 1.0000i
4.0000 5.0000 6.0000 - 4.0000i
7.0000 8.3000 -9.0000

As the above example demonstrates, the matrix elencantde either real ocomplex (with iand j being
interchangeable) or expressions such as sqrt(2) and (7-2)*4/5+3.

All matrices, including scalars (1x1) and vectors (1xn or mx1), are indexed in the same fashion as shown below:

11y @2 (@193 (1,n)
21 22 (2.3 (2,n)
31 (B2 (3.9 (3,n)
(rr;,l) (rr.1,2) (rﬁ,S) (r.n,n)

So, if you want the element (2,3) of matrix A, simply enter the following:



» B=A(2,3)
B=
6.0000 - 4.0000i

If you had two vectors V=[1 -6 7 9E2 22] and W=[1; 2; 3; 4e3; 0] then:

» C=V(4)
C=
900

» D=W(4)
D=
4000

For row vectors, it is sufficient teefer tothe column number tfind the value of an elemengimilarly, for
column vectors you need only the row number. In the above example, V(4)=V(1,4) and W(4)=W(4,1).

You can also specify arange ofelements in a matrix by using thewlon symbol (:). The coloncauses
MATLAB to step in sequence through the numbers specified. For instance:

» t=0:5
t=
0 1 2 3 4 5

You can also change tis¢ep sizérom 1, which is the default, to say 0.5 so:

» 1=2:0.5:4
t=
2.0000 2.5000 3.0000 3.5000 4.0000

Hence, if you want E to be the second and third rows of A then enter the following:

» E=A(2:3,1:3)

E=
4.0000 5.0000 6.0000 - 4.0000i
7.0000 8.3000 -9.0000

A matrix can therefore be constructém other matrices as well as froMATLAB’s library of “Utility
Matrices™

Utility Matrices
Zeros matrix of zeros

ones matrix of ones
rand matrix of random elementg
eye identity matrix

For example:

» F=[ones(3,1) A(;,2) zeros(3,1); rand(2,1) eye(2)]
F=

1.0000 1.4142 0

1.0000 5.0000 0

1.0000 8.3000 0

0.6789 1.0000 0

0.6793 0 1.0000



It is often useful to know the dimension (mxn) of a matrix. $ize function returns a 1x2 vector giving the
andn values for the dimension. So:

» G=size(F)
G=
5 3

Another more general method of distinguishing two or more results from a function is to dediqeadmumber
of variables separated by a space witltjpare bracket§ ]). For example:

» [m n]=size(F)
m=

5
n=

3

Lastly, some useful statistical functions when dealing with matrices are listed below:

Statistical Functions
max maximum value
min minimum value
mean mean value
std standard deviation
sum sum of elements
prod product of elements

Please use the HELP facility to get more information on these functions.

6. Matrix Operations

Basic matrix arithmeticcan beperformed inMATLAB as well as somefundamentalmatrix operations as
summarized below:

Matrix Operations

+ addition

- subtraction

* multiplication
/ right division
\ left division

A power

conjugate transpose

det determinant

inv inverse

eig eigenvalues and génvectors

It must be noted that the matrix rules governing these operations apply in MATLAB. For exaduliien and
subtraction is only possible when the matrices are of equal size whereas for multiplication, the inner dimensions
of the matricesnust beequal. Moreover, foright andleft division the syntax is as followsZ=X\Y implies
Z=inv(X)*Y whereas Z=X/Yimplies Z=X*inv(Y). Next, A"2 simply means A*Awhere A must be asquare

matrix. 2"A is also possible usingigenvaluesand eigenvectors. Lastly, th@postrophe(’) performs the
transpose operation and tthet, inv, andeig functions are self-explanatory (refer to the HELP facility tfagir
description and syntax).

7. Array Operations

Element-by-element arithmetic manipulatiacen beperformed bysimply placing aperiod (.) in front of the
operation as shown below:



Array Operations
+ addition

- subtraction

L multiplication
A right division
A left division
N

power
transpose

These operations are especially welcomed when working with vectors:

» H=[1 2 3];
» 1=[4 5 6];
» J=H+I
J=
5 7 9

» J=H-I
J=
-3 -3 -3

» J=H.*I
J=
4 10 18

» J=H./I
J=
0.2500 0.4000 0.5000
» J=H\l
J=
4.0000 2.5000 2.0000

» J=H.A2
J=
1 4 9

Note that thesemicolon(;) at the end of an input line suppresses the output to the screen.

Lastly, here is a table with frequently used Trigonometric and Elementary Math Functions. It is lefraadéne
to find the proper syntax needed to implement them:

Trigonometric Functions Elementary Math Functions
sin sine abs absolute value or coplex manitude
cos cosine angle phase angle
tan tangent sqrt square root
asin arcsine real real part
acos arccosine imag imaginary part
atan arctangent conj complex conjugate
atan2  four quadrant arctangent round round to nearest integer
sinh hyperbolic sine fix round towards zero
cosh hyperbolic cosine floor round towards -ve infinity
tanh hyperbolic tangent ceil round towards +ve infinity
asinh  hyperbolic arcsine sign signum function
acosh hyperbolic arccosine rem remainder or modulus
atanh  hyperbolic arctangent exp exponential base e

log natural logarithm
logl0 log base 10




8. Graphics

One of the major reasons WIWATLAB is so popular in scientific circles ists high-level graphicssystem.
Data obtained from experiments or numeric computation can easiigwed graphically either in 2-D or 3-D.
MATLAB has the followinggraph paperfrom which the user can choose from:

Graph Paper
plot linear x-y plot
loglog loglog x-y plot
semilogx x-axis lagarithmic,y-axis linear
semilogy y-axis logarithmic, x-axis linear

polar polar plot

mesh 3-D mesh surface
contour contour plot

bar bar chart

stairs stairstep graph

The plot command ighe mostgenerallyusedgraphingcommandandloglog, semilogx, semilogy, and
polar follow the same syntax gdot. For instance,

»a=0:0.1:10;
»b=sin(a);
»plot(a,b)

0.8

0.6

0.4

0.2

0

-0.2 -

-0.4 -

-0.6 -

-0.8 -

0 1 2 3 4 5 6 7 8 9 10

-1 I I I I f I

produces dinear graphwherethe elements of the vectbrareplotted versus the elements of vector Other
vectors can also be plotted on the same graph as shown below:

» C=C0s(a);
» plot(a,b,a,c)
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If only one argument isisedwith the plot commandthen the elements of the vectme plotted versus their
respective matrix indices connected by a single line.

MATLAB also provides you with the flexibility of changing the line-type of your graphs to better distinguish
datafrom say, multiple experimentRifferent colors canalso beusedbut should beavoidedunless youhave
access to a color monitor or printer. The different line-types are summarized below:

Linestyle Color
. point y yellow
0 circle m magenta
X x-mark | c cyan
+ plus r red
* star g green
- solid b blue
dotted w white
-. dashdot | k black
-- dashed

The syntax is as followglot(vectorlvector2’line-type’)

Labeling a graph is very simple and a list is found below:

Labeling a Graph
title graph title
xlabel  x-axis label
ylabel y-axis label

text arbitrarily positioned text
gtext mouse-positioned text
grid grid lines

So, for example:

» plot(a,b,™',a,c,'0")

» Xlabel('x-axis in radians')

» ylabel('y-axis in radians')

» title('Graph of sin(a) in stars and cos(a) in circles')
» grid
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Graph of sin(a) in stars and cos(a) in circles
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Frequently, it is convenient to show various plots on one sheet of papecofineandthat dividesthe graph
screeninto sub-windows issubplot. The syntax is as followssubplot(mnr). Here,m is the number of
horizontal divisions (rows) andlis the number of vertical divisions (columns) of the graph screenr Téfers
to which window you want to plot the data. So take the following:

» subplot(221),plot(a,b)

» title('sin(a)")

» subplot(222),plot(a,c)

» title(‘cos(a)")

» subplot(223),plot(a,b,*",a,c,'0")
» title('sin(a) and cos(a)")

» subplot(224),plot(a,log10(a))

» title('log10(a)")

sin(a) cos(a)

1 1
0.5 0.5
0 0
05 -0.5

o 5 10 o 5 10

sin(a) and cos(a) L log10(a)

0.5
0
-0.5
-1
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Moreover, if you want to change the scale of the axes for a better presentatiorda@simply type:axis([x-
min x-max y-mity-may). Here,x-minandx-maxare theminimum and maximum values of youdomainandy-
min andy-maxconstitute your range.

Lastly, to print agraphsimply chooseFile from the Figure Menwandclick on Print.... Click on the OK
button if the information presented on the Print Window is satisfactory.

9. Environment Controls

The following is a brief list of the major interface controls available on MATLAB that havéde®t mentioned
previously:

Environment Commands

who lists variables in memory

whos same asvhowith additional information
what lists M-files in current directory

clc clears command screen

clg clears graphics screen

clear erases all variables from memory
clear variable  erasewariable from memory

casesen toggles case sensitivity

format changes numeric display on screen

. indicates that statement continues on next |ine
! executes operating system command

hold holds plot on screen

delete used to delete a file

<Ctrl>-C local abort

<Esc> deletes an entire input line
<Home> moves cursor to beginning of line
<End> moves cursor to the end of the line

Please note that in themase ofthe format command, itmight beeasier toclick on theOptions menu item
then onNumeric Format to see what is availabl&lso, MATLAB is case sensitive so Zand z are two

different variables. By enteringasesenyou makeMATLAB caseinsensitivewhere Zand zmean thesame
thing.

10. Polynomial Operations

Polynomials are represented by row vectors in MATLAB. For*aarder polynomial yowneed arow vector of
length n+1. For instance, if you want to express®}¥5x-1 as a row vector theyou would enter y=[1 0 5 -1].
Notice that the coefficients of the variallare entered in the vectgrso the“0” means that the term *xhas

zero as a coefficient.

MATLAB is equipped with some very useful polynomial operations as listed below:

Polynomial Operations
roots roots of a polynomial
poly characteristic polynomial
polyval  polynomial evaluation
conv polynomial multiplication
deconv polynomial division

For example:

» r=roots(y)
r=
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-0.0992 + 2.2427i
-0.0992 - 2.2427i
0.1984

» poly(r)
ans =
1.0000 0.0000 5.0000 -1.0000

» polyval(y,-2)
ans =
-19

In the above example, theots ofy have beertalculatedandstored inthe columnvectorr. Furthermore, by
enteringpoly(r) the original coefficients of were returned, as expected. Next, the polynomial evakiated at
x=-2 by using thepolyval function.

If you had a secongolynomial w=2x*-x-1, thenits correspondingow vector would bew=[2 -1 -1] and you
could enter the following:

» z=conv(w,y)
Z=
2 1 9 -7 4 1

» [Q,R]=deconv(z,w)
Q:
1 0 5 -1
R =
O 0O O O o0 o

Hence, the multiplication of andy yields z=2%-x*+9x*-7x*-4x+1 and dividingz by w yields thecoefficients of
y with no remainders, as expected.

11. System Models and Response

In the first half of the Dynamics of Systems course, emphasis wilaned onmodelingand determining the
State-Space ModdEquations. Thesecondhalf will center aroundime and frequencyresponse analysis.
MATLAB contains functions related to these two sections.

In the first section, MATLAB allows you to quickly find thteansferfunction of a State-Spaddodel and vice-
versa. Moreover, if theeroesandpoles of thetransferfunction areknown then thdransferfunction or State-
Space Model can be found directly. These commands are summarized below with an example:

Model Conversions
ss2tf state-space to transfer functio
ss2zp  state-space to zero-pole
tf2ss transfer function to state-spacH
tf2zp transfer function to zero-pole
zp2tf zero-pole to transfer function
zp2ss  zero-pole to state-space

Example Find the State-Space Model of the transfer function G(sf=24s1)

» num=[1];
» den=[12 1];
» [A,B,C,D]=tf2ss(hum,den)
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A=

-2 -1

1 0
B=

1

0
C=

0O 1
D=

0

For thesecondhalf, MATLAB contains the populeastep andimpulse commands. lrorder toplot the unit
step response of the above system, simply etég(num,del or equivalentlystep(A,B,C,D:

Step Response of G(s)
1 T

0.9r 4

Amplitude
o o o o o
S ol [ ~ =}
T T T T T
. . . . .

©
w
T
I

©
N
T
I

0.1r q

0 I I I I I I
0 2 4 6 8 10 12 14

Time (secs)
Similarly, to plot the impulse response of the system, emtpulse(num,def orimpulse(A,B,C,D:

Impulse Response of G(s)
0.4 T T T

Amplitude

0 0.5 1 15 2 25 3 35 4 45 5
Time (secs)

Unfortunately, MATLAB does not contain the ramp function. Consequently, one wiydtthe rampresponse
is to use the&lockicon in SIMULINK as the input to your system (see Chapter 16).
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A more general method ofraphing the timeesponse of a system for arbitraryinput is to use thdsim
command. The syntax is as followsim(num,den,ujtor Isim(A,B,C,D,u,}. Here,u is thearbitrary input
vector and is the time vector. Obviously, the input and time vectors must have the same dimensions.

In terms offrequencyresponse, botimagnitudeand phasebode plots can begraphed byusing thebode
command. For example, enteribhgde(num,dei yields:

Bode Plots of G(s)
0 —

-20 - : : 1

Gain dB

.40 F

_60 - L L L L L P | 5 L L L L L R
10 10 10
Frequency (rad/sec)

0 . —_——

Phase deg
©
o

-180 | y

il

10 10° 10
Frequency (rad/sec)

12. Logical Operations

MATLARB is equipped with thredogical operators, as shown below, that work elementwise on a matrix. For
the sake oBoolean Algebra, MATLABconsidersanything with anon-zero reapart as TRUEandreturns the
value of “1” and everything else as FALSE and assigns the value of “0”".

Boolean
Operators
& AN
| D
B OR
NOT

The& and| operators compare two scalars or two matrices of equal dimensions. i§ha unary operator. For
example:

»V=[1 0 -3+ -4] & [-1 2 6 9]
V=
1 0 1 1

»V=[1 0 -3+i -4] | [1 2 6 9]
V=
1 1 1 1

»V
ans =
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Comparison of matricesanalso bedone with the familiar relational operators, as shown in the table, and
examples have been included below:

Relational Operators
< less than
<= less than or equal
> greater than
>= greater than oragrial
== equal
= not equal

»=[1-12-2]<=[4-56-7]
V=
1 0 1 0

»v=[1-12 -2] >[4 -5 6 -7]
V=
0o 1 0 1

Two functions which are frequently usedth logical operatorsareany andall. By enteringany(A), “1” will
be returned if the real part of any element of the vector A is non-zero. If A is a matrisdthesll be returned
if the real part of any column entry of A is non-zero. The funatibmvorks in the same way asy only that
now all elements or column entries must have a real non-zero part for “1” to be returned.

13. Control Flow

MATLAB has several control flow statements like thdgend in most computetanguages which allows you
to write short programs. The FOR, WHILE;, and IFELSE Control Loops will belescribedbelow with an
example.

FOR Loop Example

for v = expression | »fori=1:3
S(i)=i*(i+1)*(i+2);

statements T(i)=i/(i+1);
end
end »S
S =
6 24 60
»T
T=

0.5000 0.6667 0.750p

WHILE Loop Example
while expression »x=1;
»while x*3 <= 100
statements X=x+1,
end
end »X
X =
5
IF Loop Example
if expression »d=5;
»if d>0
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statements e=sqrt(8);
end
end »e
e=
2.8284
IF ELSE Loop Example
if expression »g=-2;
»if g>=0
statements 0=9"2;
else
else g=abs(9);
end
statements »(
g =
end 2

14. Function M-Files

MATLAB allows you to create your own functions using M-Files. An M-File isoattinary ASCII text file of
the form*.m which can be created usiagy text editor orword processor. The twoategories oM-Files are
functions(this chapter) andcripts(Chapter 15).

The mainadvantage ohaving user-createdunctions is that thegan bewritten to solve specifiproblems. It
must be kept in mindhowever, that the basidifference betweenfunction and script M-Files is that the
arguments used in a function act locadlyd donot affect the workspace whereagriablesdefined inscript M-
Files act globally.

In order to write any M-File in the Windows Environment, simply click\oew from theEile menuandthen
click on M-file. The NotepadNindow will appear whergou canstart typing.Whenyou have finishedsave
the file on the hard-disk in your home directory and on a diskette. Thilsnis byclicking on Eile thenSave
As... Type the name of the file with the extension in the File Name: input box. Make sure the
Drives: selection box hak emf/lhome:your login name when you are saving it to your directoapda:
when you are saving the file to a floppy diskette.

When creating a function M-File, the first line must begin with whoed function andcould havethe general
form: function function-naméargumentl, argument2, eycFor example,

function y=witch(x)

%WITCH(X) Draws the witch curve y=x"4-2x"2
Y=X"4-2*X. "2

%It’s the letter WII!

is a function M-File calleavitch.mwhich can be called in the following manner:

»$=-2:0.01:2;
»t=witch(s);

»plot(s,t)

»title("The Witch Curve')
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The Witch Curve
8 T T T

1 | | | | | | |
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Please note that thpercentsign (%) denotes a comment and will lgmored bythe MATLAB compiler. Also,
if you were to typéhelp witch, you wouldonly get the comments following the first line:

»help witch
WITCH(X) Draws the witch curve y=x"4-2x"2

If you have to make a modification to yolt-File or you want toretrieve it from your directory orfloppy,
simply click onEile thenOpen M-file.... Change theDrives:box as required. Click on your M-Fikeom
the list and click the OK box in order to get its window and revise it. When you figislye it byclicking on
Eile thenSave In the Command Window yamusttypeclear function-namebefore running yourevised M-
File since the old version is still in primary memory.

15. Script M-Files

A scriptis simply an M-File with a list of MATLAB commands. When their namerngered inthe Command
Window, the commands are executed in sequence and ogledaddly on thedata inthe workspaceComments
can beadded to ascript for clarification purposelsut notfor the help command. The scrigombrero.mwas
written to draw the graphic on the cover page of this primer and is presented below:

x=-8:.5:8;

y=X;

[X,Y]=meshgrid(x,y);
R=sqrt(X."2+Y."2) + eps;
Z=sin(R)./R;

mesh(Z)

titte('The Mexican "Sombrero™)

An equivalent but more tedious way of running a script M-File is to clicRan M-file... from theFile
pull-down menu. In the input box entiti&hter M-file to run: type (disk location a: or f: hame ofscript
M-file.m and click the OK box. If you do not recall the name of your M-File or you would rather choose from a
list, click onBrowse...then change the disk location in tbeives: box. Select your file by clicking on it

then press the OK box twice.

Finally, since M-Filesareregulartext files, datacan be storeavithin them andexported toother applications
such adMicrosoft Excelfor graphing purposes.
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16. SIMULINK

SIMULINK is a programwithin MATLAB that allows you to simulateéynamic systemsmodeled byblock
diagram architecture. The blocks are supplied by SIMULINK in a block library whiclganizednto common
subsystems. By copying blocks from these subsystems intainased windowand connecting them,
simulationscan berun andthe correspondinglata analyzed iMATLAB’s workplace. Inorder to describe the
syntax employedwithin SIMULINK for constructing block diagrams, simple simulation of a firstorder
system will be performed.

Example A researchsubmarine is travelinginderwaterparallel to theoceanfloor. Its effective mass while
submerged is M=2400kg. Thirag coefficient B=320kg/aandthe force ofthe propulsion system is a constant
F=1130N. Sketch the velocity v(t) of the submarine as a function of time if v(0)=0.

First of all, the physical model would be a mass M being pulledfoyca F andetarded by a drafprce Bv(t).
The governingequation can be found by drawing-eee Body Diagram of the submarinend using Newton’s
Second Law of Motion. Hence:

Vi—v=—
To determine the velocity as a function of time, the above differential equation can be sofirst finding the

solution to the homogeneous equation then the particular solution. By adding these two solutions you get:

B
F myk
vit)=—| 1-¢e
B

The abovesquation can be used pdot the submarine’s velocity versus time in MATLAB workplace but
this would defeatthe purpose of learning SIMULINKHence, entesimulink at the commandprompt. A
window containing SIMULINK'’s block library should appear:

K I S B i I o B e SRS

Sources Sinks Discrete Linear Nonlinear Connections Extras

SIMULINK Block Library (Version 1.2c)

By double-clicking on any subsystem, a list of blocks contained within the subsysteappghr in a separate
window. These blockgan be copiednto anunused window bysimply dragging them. Please note that
“dragging” in a WindowsEnvironment means keeping the left mouse bugoppressedvhile moving the
mouse.

In order tohave a clean window to constryaiur blockdiagram, click onkile then onNew.... Move the
window to a convenient location on the screen by dragging the blue menu tecedbary, resiagour window
by moving your mouse pointer near one of the window’s edges until you see it become aadoubileen drag
your mouse in either direction to resize it.

In this problem, the submarine’s velocity is thatput Variableand the propulsive force is thieput Variable.
Hence, the transfer function can be found analytically using Laplace Transforms,

) v(s) 1
Transfer Function= —— =
F(s) Ms+B
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and since F is a constant at t=0 seconds then we can say that it is a step input so:

F(s) = F)
S

With this preliminary analysis complete, yoannow begin yoursearchfor blocks thatwill help model the
system. Obviously, it takes timand practice to figureout which blocks to usend where to findthem
depending oryour system so one suggestion is to browse through the librargxperiment withdifferent
blocks. Double-click on th8ourcessubsystem block and drag tB&ep FcrandClock blocks to yourmwindow.
The Step Fcnblock will help modelthe propulsion systerandthe Clock is needed tkeep track oftime, as

shown later on.

| P
Step Fcn

(O»

Clock

Now, close thesourceswindow and double-click o8inks Drag theScopeandTo Workspacélocks intoyour
window then closeSinks The Scopeallows you to verify theoutput directly from SIMULINK andthe To
Workspaceblock creates the default varialyleut in the MATLAB workspace for analysis purposes.

N

Scope

To Workspace

Finally, double-click orLinear and drag th&ransfer Fcnblock then close thieinear window. This blockwill
allow you to enter the transfer function derived above.

1

s+1

Transfer Fcn

Please note that it is imperative that unused windows be closed in order to save memory space for computational
purposes and graphics.

You arenow ready toconstruct your blockdiagram. Start by draggingthe blocksarounduntil you get the
following orientation:
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B I

— s+1
Step Fcn To Workspace

Transfer Fcn

N

Scope

S

Clock

Next, connectthe Step FcnandTransfer Fcnblocks. This isdone bydraggingthe angle bracket (>) out of

Step Fecnrepresenting theutport to the angle bracket (>) infiransfer Fcn representing thmport. Once the
connection is successful, a line with amowheadshowing thedirection ofdataflow and alittle black square

signifying the fact that the arrow has besatected can bseen. Clickanywhere inthe window to unselect the
arrow:

Step Fcn

- =

To Workspace

Transfer Fcn

N[

Scope

S

Clock

Proceed by connecting tieansfer Fcnand theTo Workspaceblocks in a similar fashion. Nowgonnect the
output of Transfer Fcnto Scope This is done by selecting tlerow coming out ofTransfer Fcnby clicking
anywhere ornt. You should see &ttle black square. Draghe squarealong thearrow until you are halfway
towardsTo Workspacendreleasehe mouse button. Yoshould see an angle bracket tie arrow.Drag it

vertically down until you are level with the inport to tBeopeandreleasethe mouse button. Finallydrag the
angle bracket into the inport 8icopeto finish the connection.
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— 1
e

Ste_p Fcn To Workspace
Transfer Fcn

p| 1

Scope

S

Clock

Next, copy theTo Workspacélock by first selecting it (i.e. just click on it &ee a rectangleith four black
squares atts corners).ChooseEdit thenCopy. Move your mouse pointer to the right 6lock and click
once. Now, click orEdit then onPaste You should have &0 Workspaceblock on your windowDrag it
so that it is level witlClock and connect them.

— 1
e

Ste_p Fcn To Workspace
Transfer Fcn

p| 1

Scope

®

Clock To Workspacel

You must nowchangethe default settings of the blocks tensurethat it correspondswith the submarine
system. Double-click on th&tep Fcrblock andchangethe Step time: to O andthe Final value: to 1130

by using your mouse pointer to position thasor on theinput lines. Click on OK to close theindow.
Double click onTransfer Fcnand change thBenominator: setting to [2400 320hndclick on OK. Double-
click on To Workspacand change th&ariable name: to v then press OK. Double-click on Scope so that a
grid is shownandchangethe Horizontal range to 4GandV ertical Range to 4. Keepthe Scopewindow
open so that youwan observeahe simulation.Double-click onTo Workspaceland changethe Variable
name: to t.

Now, position your pointer over the title “To Workspace” and click once. It should be highlighted inTighee.
“Velocity”. Similarly, change “To Workspacel” to “Time”. Note thahceyou finishedtyping, click anywhere
on the window so that the new title can center itself.

Lastly, theTransfer Fcnblock should be hiding most of tlienominator2400s+320”. Tocorrectthis, select
the block by clicking once on it and drag one of the four cosgearesut with your mouse pointer. Thisill
enlarge the block and allow the denominator to be seen.
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Hence, you should have the following:

| 1 > v |
> 740057320

Step Fen Velocity
P Transfer Fcn

p|]

Scope

®

Clock Time

The parameters othe simulation must now be set shooseSimulation then Parameters... Click on
Linsim, change theéstop Time: to 40, setMin Step Size:to 0, andMax Step Size: to 1.5 thenclick
on OK. Choos&imulation thenStart. You should get theharacteristidirst ordercurve leveling out at=
3.5m/s. Return to the Command Window by clicking anywhere on it. Bhggt,v). You should get a similar
curve as on th8copeWindow as shown below (appropriate titles have been added for clarity):

Submarine Example
4 T T T

Velocity (m/s)
N
N n
T T
Il Il

=
(6]
T
I

0.5r J

0 | | | | | | |
0 5 10 15 20 25 30 35 40

Time (s)

At this point, you can save theorkspace for futur@nalysis. Inorder tosave yoursimulation, click onFile

then Save As...and type the name of your file where you seg¢itled.m. Make sure thérives: selection

box is correct. The simulation will be saved as a script M-File so in order to run it follow the same instructions
as outlined in Chapter 15.

Please note that the values chosen forsihmulation parameters weraot arbitrary but ratherthey followed a
generalrule of thumbfor first ordersystems. That is to say, tf#top Time: was setequal tofive time
constantsand the Max Step Size: was set to one-fifth of the time constant. The time constant for the
submarine example is M divided by B which comes out t@.beseconds. Moreovet,insim wasselected as

the integration routine since our systenqiste linear. Fornon-linearsystemsRunge-Kutta 5 would be a
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better choice. Needless tmy, morecomplicatedsystems willneedmore timeand experimentation tdind the
best values for the simulation parameters so be patient and do not get discouraged.

* % * % *



