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Script M-files
Sometimes you will need to exeaute your commands in
MATLAB using ascript file rather than interactively.
Reasons:

— Thenumber of commandsis large.

— You might want to change values of your variables and
reevaluate the ommands.

— You neel ahistory of what you've done.

This allows you to type MATL AB commands in atext file
and tell MATL AB to exeaute the dmmmands as if you had
typed them at the mmand prompt.

These are called script filesor M-files. We @n usethese
terms interchangeably.

Thesemust besaved with the.m extension.

Tocreate ascript fileon a PC, choose New from the File
menu and seled M file.

This will open up the Editor/Debugger where you can enter
your MATLAB commands.




Example Script File

% Thisi san exanpleo fa n Mfile

% CGeneratea matrix ofn ormdr andom
vari abl es

x=randn( 100, 5);
%find themeano fea chc olu m
X_nmu=mean( x)

% find thes tandard deviaion ofe ach
colum

x_std=std(x)

%find themean&s tdo ft heentired ata
set

x_mu_al | =nean( x(:))
x_std_all =std(x(:))

Some Propertiesof Script Files

« Onceyou type the name of your script file at the mmmand
line, MATL AB does the following:

— It searchesthe aurrent variables and built-in MATLAB
commands.

— If your M-filenameis not there, it searches the aurrent
directory.
— Ifthefileisthere, it opensit and runs the mmmands.

— Ifitisnotin theaboveplaces, MATLAB searches the
path.

« Variables created by the ommandsin your M-filestayin
theworkspace

« Commandsin your M-file have access to dl of thevariables
referred toin theM-file.

¢ Usually, the ommandsin theM-file are not displayed as
they are exeauted.

¢ The mmmand edho on displays the mommands tothe
command window as they are read and evaluated.

« The mmmand edo df stops this and the mmmand echo
just toggles the state.




Some Useful Script Functions

Reall that MATL AB provides sveral functions
that are useful in M-files.

disp Display results.
echo Echo the file dommands.
input Prompt the user for input.
keyboard Givestemporary control
to the keyboard.
(return quits)
pause Pause until any key is
pressed.
pause(n) Pause for 'n' seconds.
waitforbuttonpress waits for a mouse dick

or keystroke over aplot

Functions

¢ Thereisadifferent typeof M-file clled an M-file
Function.

* You can sped up your codesignificantly by writing
things as M-filefunctionsrather than just script files.

« Functions can bethought of asblack boxes: all you
seeiswhat goesin and what comes out.

* Any commandsthat are evaluated or variablesthat
are created are hidden from the user.

¢ Theseare very useful for evaluating mathematical
sequences of commands that you might want to use
many times.

« Itis dmilar tothescriptfile in that it also isatext file
with the.m extension, however inter mediate variables
within the function do not appear in or interact with
the MATL AB workspace

¢ You createthisfilein the same manner, but with
slightly different syntax.

¢ Pages176-178 d thetext liststhe rulesand criteria
governing Function M-Files.




Functions

« A Function M-fileis different from ascript file; the key
differences are:

< Functions communicates with the workspacethrough the
variables passed intoit and that are produced from it.

« Anyintermediatevariables created by the function are
hidden and do not interact with the workspace

¢ Thereis aspedficsyntax that tells MATLAB that an M -file
isafunction and not ascript file.

* Thefirst lineof an M-file function must be dther:
function  arg _out=f unctio n_name(arg _in)
or

function [argl ,arg2]=  fun c_name(inl,in 2)

« Itisagood ideato put several comment linesin the
beginning of your function file.

» Thesewill be returned by thehelp command.

« Thefirst comment line, alsocalled theH1 line, is searched
by thelookfor ~ command.

Functions

* Rulesabout function M-Files:

. You should always name the function and its file name the same.

. The first time MATL AB exeautes a Function M-file, it opensthe text
file and compil es the mmmands.

. The function is now represented in memory, which speeds execution
time.

«  Other functions that are called by afunction M-File are also
compil ed.

¢ Incontrast, script M-filesare interpreted and are not compiled even
if they are clled by another function.

* Hereisasimplefunction that returns a square of thevalue passed.

«  function x= squareit (y)
*  %SQUAREIT retur nsthesquar e ofanarr ayor

scalar.

*  %This is to sho w averysim pleexample ofa
function

c

*« » help squareit

* SQUAREIT return s the square ofanarra y or
scalar.

*  Thisis to show averysimp |eexample ofa
function.

* » squareit (5)
° ans =
« 25

¢« »




Function M -files

Key characteristics:
Functions can have zero or more input arguments.
Functions can have zero or more output arguments.

Functions can be called with fewer input or output variables than
were spedfied in the function...but not more.

An error isreturned if they are called with more input or output
arguments.

If afunction has more than one output variable, then they are
enclosed in brackets.

function [ must d] = stats(x )

Thenumber of input and output arguments that are used when a
function is called are avail able inside the function.

These are avail able with the nargin and nargout variables.

They are usually used to set default input variables and to determine
what output to use.

You can also have a variable number of inputs and outputs.
Usethevarargin and varargout functions.

MATL AB packs the specified inputs and outputsinto acel arr ay.

Functions

When afunction dedares one or more output variables and
you do not want any output, then do not give the output
variableavalue.

Functions have their own workspacethat is created with
each function call and then deleted when the function
completes exeaution.

For this reason, you can call variables thesamein both
wor kspaces.

If apredefined variable (e.g., pi) is redefined in the
MATLAB workspace, it does not carr y over into the
function's workspaceand viceversa.

Theinput variables are not copied into the function
workspace, but their values are readable within the function.

If any of the values within an input variable are changed,
then thearr ay is copied into the function workspace

If an output variableis named thesame as an input variable,
then it is copied.

Tosave memory you should extract the portions of arr ays
that you wish to operate on.




Global Variablesand GUIs

Functions can share variableswith other functions, the
MATLAB workspace, and recursive clls to themselvesif the
variables are dedared globa | .

Togain access to aglobal variableit must be dedared
global  within each desired workspace

Theuse of global variables should be avoided as they often
can lead to conflicts, confusion, and bedifficult to debug.
To avoid these problems consider the foll owing suggestions
when creating global variables;

Useall capital letters in the global variable's name.
IncludetheM-Filenamein thevariable's name.
If you can find an alternativeto aglobal, doit.

MATLAB searches for functions, as mentioned with script
files.

I you call ascript filewithin afunction, then the script file
sees only the function workspace, not the MATLAB
workspace

Functions can be alled recursively.

Thisis common with Graphical User Interfaces (GUI©s).

Functions

M -file functions gop exeauting and return when they reach
the end of thefile or the mmmand return is reached.

For err or reporting and debugging there are three functions
you can use.

disp displays avariables value without showing its name;
you can use this with string variables to show messages.

error displays astring in the mmmand window, aborts the
function exeaution and returns control to the keyboard.

warning displays astring as well, but does not abort the
function.

MATLAB keepstrack of the modification date of M -files
that you write.

If an M-filefunction is referenced that was previously
compiled into memory, then it compares the dates with the
oneon disk.

If the dates are the same, the cmpiled code is exeauted.

If thefile on disk is newer, the newer file is compiled and
used




Subfunctionsand L ocal
Functions

Function M-files can contain code for more than one
function. Theseare called subfunctions or local
functions.

Thefirst function isthe primary function and is
invoked with the M-file name.

Subsequent functionsin thefile are subfunctions.

Sub-functions are visible only to the primary function
or other sub-functionsin the samefile.

Each sub-function beginswith its own function
definition line.

When you call a function within an M-file, it first
chedsto seeif it isa sub-function.

Private M -files

Private M-Files are standard function M-Filesthat
residein a subdirectory (which must be named
‘private’) of the alling function.

Thesefunctions are visible only to the same or parent
directory.

Sincethese functionsare not visible outside the parent
directory, they are not visibleto the @mmand line or
any outside functions.

Thereforethey can use the same names as other
functionsin other directories.

Once MATLAB chedsfor sub-functions, it next
chedsin theprivatedirectory.

Directory structure must be maintained. Thisisa
concem when porting M-Files.




Creating Your Own Toolbox

* The'Toobox directory isa subdirectory containing
completed functionsthat are cached by MATLAB.
We @n add our own subdirectory in there.

*  Wenedl to placeReadme.m and Contents.min our
subdirectory (let’scall it MyTood Box).

* Readmemisascript file mntaining comment lines
that describe late breaking changes or undocumented
features of our todbox.

« Contents.m contains comment linesthat list all M-files
in our Todbox. Thefirst lineshould contain the
name of the Toolbox and the second line the date and
version.

¢ Readne. m isaccessd by what snewMyToolBox

¢« Contents.m isaccessd by hel p MytooBox.

Command and Function Duality

*  You have used some MATL AB commands such as clea r, whos,
dir , ver, hel p, etc. MATLAB lets you create your own new
commands.

* Therearetwodifferencesthat distinguish commands from functions.
*  Commands do not have output arguments
*  Input arguments to commands are not enclosed in parenthesis.

«  Commands are actually interpreted as the following example
indicates.

>> whatsnew MyT oolbo x Y%command form
isinterpreted as

>> whatsnew ('My Toolbox' )

Here'san example,

» which colorde f
C:\ PROGRAM FILES\ MATLAB too | box\ local \ colordef .m

We an also do this:
» s=which( ‘colo rdef )
s=

C:\ PROGRAM FILES\ MATLAB too | box\ local \ colordef .m




Command Function Duality

* Thefollowing does not work sinceit mixes
function and command syntax.

» s=whi ch col ordef
???s =whi ch col ordef

Missingo perator,c ommm,0 rs em -
col on.

feval

*  You can passacharacter string name of a function to another
function for evaluation. You saw this in converting strings with
eval . MATLAB providesamore dficient method for certain cases.
Thisisfeva | .

« eval callstheentire MATL AB interpreter to evaluateastring.
« feval exeatesonly functionsgiven by astring.

« feval isusually used inside functions which have the names of other
functions as arguments.

* Theseare uivalent:
a= feval (‘'myfu nction" x)

a= myfunction (x)

feval workswith multiple arguments.

[a,b] = feval (' nyfunction' L X.Y.Z,t)
isthesame as
[ab] = myfunct i on(x,y,z,t)

feval is much more dficient than eval

« Usefeva | when you haveto evaluate a function many timesor in an
interative procedure.

10



in-line functions and feval

«  Normally myfunction is the name of an M-file function,
however you can usefeval with inline  and expressan
entire function as a character string.

» Here's how wewould do this with eval

» myfun = '100 *(y -x"2)"2 + (1-x)"2;% justa
string

» %we can use eval if wesetthe valuesof x
andyfi rst

» x=1.2;

» y=2;

» a=eval (myfun)

a=

31.4000

variables had to be defined previoustoeval (myfun )

* Here'swhat happens when weusei nline

» myfuni  =inl ine( myfun,' X'\ ) % méeke it
inline

myfuni =

Inline f unctio n:
myfuni (x ,y)= 100*y -x"2) "2+ (1 -x)"2

In-lie functios and feval

Natural argument usage

» a= feval (myfuni x\y)

a=

31.4000

» b= feval (myfuni, -2,1) % works for any argume nts
b=

909

Examine the function

» argnames ( myfu ni ) %returns the argume  nts for the
function

ans =

w
y

» formula( myfuni) %returns t he formula for the
function

ans =

1005y -x"22  + (1-x)"2

11



MATL AB Debugging

When developing MATL AB M-Files eventually err ors wil | occur.
MATL AB will tell you when you have err ors. There are two types of
errors, syntax and run-time.

Syntax err ors can be generated when an expression or function is
compil ed into memory.

These can bethingslike

— misspelled variables and function names, misplaced quotes or
parenthesis, etc..

MATL AB flags these err ors immediately and provides feedback
describing the err or and where it occurr ed.

Syntax err ors are usually easy to identify.

Run-time err ors are generated when an operation leads to unnatural
results.

These can be caused by operations the result in things like
Empty arr ays

NaNs

MATL AB flagsthese err ors then returns control to the ommand
window.

By their nature, run-time ar ors can be difficult to debug.

Debugging by Hand

For simple problems manual debugging techniques
can bequite useful.

Remove semicolons from selected lines within your
function so that intermediate r esults are dumped to
the screen.

Add statementsthat display variables of interest
within the function.

Placethekeyboard command at placesin the
function where you want to examine a variable.

Remember to useret urn toexit thekeyboard state
at the K>> prompt.

Changethefunction M-fileinto ascript M-file by
placing a% before the function definition statement
at the beginning o the M-file.

Thiswill | et you examine the workspace when the
termination ocaurs.

12



Debugging Functions

When functions are complicated you can use the MATL AB inline debug commands.

+ MATLAB debugging functions do not require you to edit the M-File you are debugging
Debugging functions are similar to those in other high-level languages. The following table
summarizes the inline debugging commands:

Debugging Command

Description
dbst op in mfi le
dbst op in mfile at Iineno
Setabreakpointinnfil e (atli neno)
dbst op i f war ning
error
naninf (o inf nan)

Stop on any warning, run-time et or, or when aNaN or Inf is generated.
dbel ear all

all in filename

in filen ame

i fw ami ng

ife rror

if naninf (or infnan)
Remove breakpoints.
dbst atus
dbst atus fil - ename
List all breakpoints (in filename)
dbty pe nf ile

ntile  mn
Listnf ile  with line numbers (between line numbers mandn).
dbst ep
dbst ep n
Execute one or n-lines and stop,
dbeont
Resume execution.
dbst ack
List who called whom.
dbup
Move up one workspace level
dbdown
Move down one workspace level
dbquit
Quit debug mode.

The Graphical Debugger

¢ MATLAB onthePC features an integrated M-
file editor / debugger.

e |t can belaunched right from your M-file editing
sesgon by typing edi t at the cmmand prompt.

« Or launch it by choosing File New or Open.

). C:Amatlabfi1 2\wrk

Eile

‘Sel/Cieas Breakpont F12
D‘ﬁ €38 1 Clear Al Breakponts
5 u Stop If Enar
5 | N B Swpliwaring
; p Stoplf NaN O int

13-| o
- in(npi/10) s
15~ tor_time = ¢

17-| B tstart the timer again
18- the same calculation in & loc

13



The Graphical Debugger

Buttons exist on the todbar to do rudimentary
procedures such as sngle step, continue, and
quit debugging.

You can set and clear breakpointsin an easy
manner.

You can view the value of a variable or
expresson by highlighting it in the eitor then
using Text Evaluate Selection

Profilingin MATLAB

MATLAB givesyou tods to help you finetune, eg.,
optimize your codeto avoid unneaessary function calls and
calculations.

The Profiler examines arunning program to determine
wherethe program is spending most of its time.

With the profiler you can identify functions that are
consuming the most time, then determine why you are
calling them and look for ways to minimizetheir use.

When you reach the point where most of thetimeis gpent on
calls to asmall number of built-in functions, you have
probably optimized the mde as much as you can exped.

Hereis arundown on some of the profili ng functions.

profileon Begin profiling for the session.
profile report Display aprofile report in
HTML.

profile plot Plot the profile report using a
pareto plot.

profile off Disable profiling.

14



Basics of Plotting

Getting hardcopy
2-D Plotting

Using the'plot’ function
— Linestyles
— Gridsand labels
— Legendsand Axes
— Subplots
— Multiple Figure Windows
— Retrieving Data From Plots
— Other Plotting Commands

Spedal Symbolsand Text
3-D Plotting
— The'plot3 function

— Mesh and SurfacePlots
— Contour Plots

Getting Graphics Hardcopy

Y ou can use the normal Windows 'Print' command
from the'File menu.

Usethe menu from the Figure window.

Y ou can Copy/Pasteinto your document.

NOTE: in previousversionsof MATLAB the default
background color isblack. Be sure toinvert the
background or else you will have ablack figure.

You can alsousethe'print' command at the
command line.

Argumentsto the print function call different devices.

15



Plot Function

The most common command for plotting datain
2-Disthe plot function. Thisfunction plots sts
of data (vedors) using appropriate axes and
conneds the points with straight lines.

x=0:. 1: 2*pi; % cre ate horiz vect or
y=Cco0s(X); %fin d cos ofe ach one
pl ot( x,y) % plot

plot Function

pl ot opensaFigure window, scalesthe axesto fit the
data and plotsthepoints.

It adds a scale and tic marksto both axes.
If a Figure window already exists, then it clearsthe
current window and draws a new plot.

You can plot several lines on the same plot by putting
a series of them as argumentsto the plot function.

pl ot (x1,y1, x2,y2)
If one of theargumentsisa matrix and the other a

vedor, then it plots each column of the matrix versus
thevedor.

If you providejust one argument, then the following
can happen:

If it iscomplex, then it plotsthe real part versusthe
imaginary.

If it isreal-valued, then it plotsthe vedor (or matrix)
versustheindex of its values.

16



Linestyles, Symbols, and Colors

¢ Thedefault linestyleisasolid line...MATL AB allows you to choose
from several.

solid line
dotted line
- dash-dot line
— dashedline

« If you plot several lines on one plot, then MATL AB starts with blue
and cycles through the colors green, red, cyan, magenta, yellow,
black, and white.

*  You can use asymbol for each point and they will not be conneded
by lines.

¢ Thesymbolsthat are available are:

. point

circle

X x-mark

+ plus

star

s square

d diamond

v down triangle
~ uptriangle
< left triangle
right triangle

p pentagram
h  hexagram

Linestyles, Symbols, and Colors

* You can seled the mlor of alineor symbol.

blue
green
red

cyan
magenta
yellow
black
white

s <30 -~aouo

«  You can combineboth lines and symbols.

« For example, plot the sineand cosine on the same plot, with
the msineplotted as aline and with symbols.

y2=si n( x);
plot( x,y, xy,"b* x,y2,'g-")

P

17



Gridsand Labels

¢ The ommand grid adds grid linesto the plot at thetic
marks.

¢ Repeated use of the mmmand togdesthegrid lineson
and off.

¢ You can easily add atitleto your plot usng:

o ti tle(" MPIlotT itle’)

¢ You can add labelsto the horizontal and vertical axes
by using:

X
y

abel (' Label theX")
abel (' Label theY?)

Gridsand Labels

* Text can beadded to any location on theplot with the
text command:

te xt(x,y," | abel)

* wherethex and y represent the wordinates of the
center left edge of the string in units corre sponding to
the axes.

¢ You can usethefunction gtext('l abe') to placethe
label with the mouse.

« Thegtext function activatesthe aurrent Figure
window, givesyou a crosshair that follows the mouse
and waits for the mouse dick.

e Thetextisplaced in thelower left corner of thefirst
character at that location.




L egends

to identify thedifferent data.

* You can movethelegend by holding the mouse button

near the lower left corner and draggng.

¢ You can removethelegend from plots using legend
off.

x=lin space(0, 2*pi ,1 00);

si nx=si n( x);

cosx=cos( x);

pl ot( x, sinx,"'b*" ,x, cosx,'gd)
legend ( 'sin (x)', 'cos(x))

» title (" Sanpl eP | ot')

xl abel ("xax is")

»ylabel('y axis)

Sample Pt

MATLAB providesthe @pability of showing legends

Zoom

zoomon turnszooming on.

Click left mouse button in the Figure window to
expand by afactor of two.

Click right mouse button to zoom out by a factor of
two.

Click and dragrectangleto zoom into aparticular
area.

zoom(n) zooms by a factor of n.

zoom out returnstheplot toitsinitial state.
zoom off turns off zoom mode.

zoom toggdesthe mom state.

For zoom to be used thelegend must be turned off.

Sinceboth zoomand le gend respond to mouse dicks

they can interfere with each other.

19



axes

* You can usethe mmmand axis to change the axes of
your plot.

¢ Theargument tothisisafour element vedor
containing the following infor mation:

e [xmn xmaxy miny max]

¢ You can usethefunction without any argumentsto
get the aurrent axes values.

» axis %getc urrenta xes val ues
ans =
0 7 -1 1

» axis([010 -22]) %reset ton ew ones

Sample Pt

e
.

Multiple Plots Per Page

« You haveseen that you can plot multiple data against a
single axis using the plot  command.

¢ plot(x, sinx,'b *'x, cosx,'gd)

« You can also add new plots to an existing plot by using the
hold command.

¢ holdon tellsMATLAB not toremovethe eisting axes
when new plot functions are issued.

« Ifthenew datado not fit within the aurrent axes limits, the
axes are rescaled.

* hold off releases the curre nt figure window for new
plots.

* hold with no aguments toggles the setting.

¢ The mlor cyclestarts anew with each call toplot . You
might want to spedfy plot colors when using hold so that
lines aren’t plotted in the same wlor.

« ishold returnslif hold ison.

» hold
Current  ploth eld
» ishold

ans =

20



subplots

Sometimes you might want to plot more than one data set on
multiple axes, rather than several plots on one axis. You can
do this with the subplot(m,n,p) command.

Thisgivesamatrix of m x n plotsin asingle Figure
window.

Thep standsfor the p-th area to be active.

The subplots are numbered left toright from the top row to
the bottom.

Be creful about putting toomany plotsin one Figure
window.

Theactive subplot is the one responsive to the previous
commands to aFigure (e.g., axis, xlabel, ylabel, title)

When you want to go back to ane axis in a Figure window,
you must use:

subplot(1,1,1)

subplots

M

Y ¥ ¥ ¥ v Y

M

subpl ot (2, 2, 1), pl ot (x, cosx)
title(' Cos(x)")

subpl ot (2, 2, 2), pl ot (x, cosx, ' +)
title(' Cos(x)w ithSynbols")
subpl ot (2, 2, 3), pl ot ( x, si nx)
titlhe('Sin(x)"

subpl ot (2, 2, 4), pl ot (x, si nx,"'0')
title('Sin(x)withSynbols")

Cos( Cos(x) with Symbols
1 1
05 05 f/
0 of % i
05 05 U
EY EY
o 2 4 6 8 o 2 4 6 8
sin) Sin(x with Symbols
1 1
05 /
0
05




»

»

v

>

Multiple Figure Windows

Y ou can create multiple figure windows and plot
different data setsin different waysin each one.

Selea New Figure from the File menu or,
Usefi gur e(n) inthe command window

figure(l)
plot(t,r)
figure(2), polar(t,r)

4 Figura No. 1 HEE
Blo Ede Widow Hep

Multiple Figure Windows

Ble Ed Wrdow Help

Every time a new figure window is created, anumber
identifying it isreturned and stored for future use.

Each new figure is placed in the default figure
position: click and dragto move figures around.

Seled activefiguresby ;
clicking with mouse
usefigure(n) command

Only the aurrent figure is responsive to commands.

22



Retrieving Data From Plots

*  Thefunction ginput allows you to select points from a plot based on
the pasition of a mouse click.

*  The returned data are not necessarily points from the data set used to
create the plot, but rather the explicit x and y coordinate values
where the mouse was cli cked.

« If pointsare selected outside the plot axes limits, the points returned
are extrapolated values.

* Returned data are with respect to the curr ent or active subplot.

*« [xyl= ginput (n) will retrieven points. Not spedfying n will
allow retrieves until the Return key is pressed.

« Beforeusingginpu t,zoomand | egend should be turned off, since
all respond to mouse clicks and can interfere with each other.

» [uyv]= ginput (3)
u=

2.5091
27273
2.8000

0.5607
0.4451
0.2717

Other 2-D Plots

MATLAB provides a hast of specialized 2-D plots.

pola r  plot of polar coordinates as afunction of angleand
radius

bar bar graph
stair s stairstep graph...nospacing or lines

ste m  stemplot

Errorba r graph with errorbars

feathe r displays angle and mag as arr ows

compass sam_easabove, except it emanates from
origin.

bar 3 vertical 3-D bar chart

bar3 h horizontal 3-D bar chart

bar h horizontal bar chart

pie pie chart

pie 3 3-D pie chart

ros e draws polar histogram

23



Polar Plots
polar(t,r,S) will createaplot in polar
coordinates.

t istheangle vedor in radians
r isthe radius vedor

Sisan optional character string describing
color, marker symbol, and linestyle

t=li nspace(0, 2*pi );
r=sin(2*t).*cos(2*t);

subpl ot (1, 2, 1)
plot(t,r),title('X-YPlot")
subpl ot (1, 2, 2)
polar(t,r),title(' PolarP lot")

X¥Plot

Other Plotting Commands

pl ot matrix(x,y) scatter plotscolumnsof x

against the cmlumnsof y.

If X isP-by-M and Y isP-by-N, PLOTMATRIX

will producean N-by-M matrix of axes.

x=randn(50, 3);%5 Or owsby3c ols

y=randn(3);%3r owsby3c ols
pl ot matrix(x, x*y)

title(' ScatterP | otsUsing
plotmatrix")

Scatter Plots Using plotmaix

e . T e .
. . gV o
- Y CI
:
TV
o S e =
.
s % DR .
o g, FYCN piget
I T IO ¥ R
.
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Other plotting Commands

fp I ot alowsyou to plot a 1-d function without
creating a data set.

fplot('fun',[xm nx max])
fplot('fun',[xmnx maxy m ny nmax])

fun isa symbolic expresson in one variable or
the name of an M -file uses adaptive step control
to producea representative graph, concentrating
its evaluation in regions where the function’s
rate of changeisthe greatest.

»

fplot('sin(x)',[0,2*pi])

» title(©fplobf sin(x)©)

Other Plotting Commands

ezpl ot plotsafunction over thedomain| -
2*pi  2*pi].

The x-domain can be spedfied using the form
ezpl ot (* FUN , [ xm nx nax])
The x-axis label isthe variable name.

Thetitleisthe function * FUN .

ezpl ot (" si n(x"2)/(x+eps)")

SinGe2)xreps)
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Spedal Text Formatting

* You can create multi-line text with any text
string, including titles and axis labels by taking
advantage of string arr aysor cel arrays.

» title({"Ploto fs in(x)","Using
fplot'})

iotorsingg
Using ot

0.8

06

0.4

02

02

-0.4

-0.6

-0.8

Scatterplot Example

load sea nount
%comes wi th

%the sta ndard
Y%edition

scatter(  Xx,y,5, z)
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Symbolsand Spedal
Characters

« Thereare over 75symboals, including Greek letters and other
spedal characters, that can beincluded in MATLAB text
strings.

«  You access these by embedding asubset of TeX commands
within your string using the\ character.

« Theavailable symbols and the character strings used to
definethem are listed in the table on page 375-376 of your
text.

« A limited subset of TeX formatting commands are also
available.

. A superscript

. _ subscript

« \fontnam e font type

« \fontsiz e font size

e \bf, \it, \sl,\rm bold, italic, slant,
normal roman

« gtext (' \fontna me{cou rier} \fontsi ze{16} \it
x {\alph a}+y ~{2\pi}")

» Produces x- , + y?

3-D Plotting

e The plot3 functi oniss imilarto th e 2-D
plotfun ction,excep t wearenow inthr ee
dimensio ns. T hesyn taxis simila r to plot
exceptt hatyo u needto pr ovide3 data sets
orvecto rs.

» t=0:pi /50:10 *pi;

» plot3( sin(t) ,cos(t),t)

»xlabel ('sin(t )'), yl abel ('cos(t)' ), zlab el (t')
» ftitle( " Helix ")

Helix
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3-D Plotting

* Asyoujust saw, thereisa zlabe function that you can tsewith  3-D
plots.

* Youcan wsethe hold command or several arguments to the plot3 function
just likeinthe 2-D case.

*  Youhave acertain viewpoint with 3-D graphics, spedfied by azimuth and
elevation.

*  The @muthisthe ange with resped to the x=0 plane.
*  The devationisthe ange with respect to the z=0 plane.

*  Youcan change this view with the command:
«  view([ az.el])

*  Seethe page 398 - 400, of your text for a cmplete description of the
view command.

*  Youcaninteradively rotates the view of a3-D plot with the command
rotate3d .

*  Trythefollowing;

» [x,y,z]=peaks
» mesh(x,y,z);
» rotate3d

3-D Plotting

« Sometimes we ned to view a scalar function of two
variables:

« z=H(xy)
* Anplot of thisisasurfacein 3dimensions.

« Toplotthisin MATLAB, thevaluesof zare stored in
amatrix.

* Oneway to get thesevaluesistofirst create a matrix
of x and y values:

[X, Y] =meshgrid (-3:3,1:5)

¢ meshgrid will duplicatex for each of the rowsiny
and will duplicatey asa column for each of the
columnsin x.

¢ Thisallowsall thevaluesof zto be mmputed in a
single statement.

o If f(x,y) = (x +y)2then,

Z=(X+Y)."2%e |lementb y el ement




3-D Plotting

You can plot a mesh surfacedefined by the z
coordinates of points above a redangular grid in
the x-y plane.

A mesh isformed by joining adjacent points
with straight lines.

[ X, Y, Z] =peaks( 30);
mesh(X, Y, Z)
peaks isafunction of two variables, obtained

by translating and scaling Gaussian
distributions.

Some 3-D Plot Examples

[X,y,z]= peaks;

subplot( 2,2,1) , mesh(x.y,z)
C=del2 (2);

subplot( 2,2,2) ,mesh(xy,z, O
subplot(  2,2,3) , meshc(x.y,z)
subplot( 2,2,4) , meshz(x.y,z)
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Different Shading Pattern

[X, Y]l =meshgrid (-3:.2:3,-2:.2:4);

Z=exp(- (X."2+Y.72)/3);

subplot (1,1,1)

surf(X,Y, 2)

%plot lines withcoloro f
quadril ateral

shadingf |at

% i nter pol ate shadinga cross
quadril aterals

shadi ng interp

% returnt oor iginal shading

shadi ngf aceted

3-D PLOTS-OTHER USEFUL
FUNCTIONS

« Add labels, titles, change axes as with 2-D plots

e Canlook at contours of the surfaceusing
cont our function.

* You can rotate the surface plot using the toolbar
button or rot at e3d
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Visualizing Volume

Visualizing vdumeisthe representation of data that
are defined on 3-D grids: f(x,y,2)

Volume data sets have multidimensional arr ays of
scalar or vedor data defined on latticestructures.

Wewill ook only at scalar data.

Example of scalar data might beair pressure or
temperature at a pointsin space

Visualizing Volume
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Contoursdlice

load mri

%remove empty
%dimensi on

D =sque eze(D) ;

x=xlim ;

y=ylim ;

contours lice (D, [, .8)
axis ij , xlim (x), ylim (y)

daspect ([111 ])

ISOSURFACES

e Useis osurf ace todisplay owerall structure of a

volume.

* You can combineit with i soca p.

e Thistechnique can reveal information about data on the

interior of thei sosur face.

e Thefollowing will createand process ®me volume data
and createisos urfac e andi socap.

* To add some other effects, lightswill be added.

« isoca p indicate valuesabove (default) or below the

valueof thei sosur f ace
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ISOSURFACES

« Trythis example, generating uniform random numbers:

data= rand (12, 12,12);
data = smooth3(  data, 'box' ,5);
isoval  =0.5;
H=patch( isosurf ace(data, iso val), ...
‘FaceColor' ' blue' ,'Edge color' ,'non e', ...
‘AmbientStren  gth' ,.2, 'Spe cularStreng th',0.7,
‘DiffuseStre ngth' ,.4);
isonormals (data ,H) %produc es smoother  lighting
patch( isocaps (d ata, isoval ), ...
'FaceColor' , 'interp’ ,'Ed gecolor' ,'n one');
colormap hsv

daspect ([111] ),axis tight , view(3)

camlight  right, camlight le ft, lightin g phong

ISOSURFACES
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ISOSURFACES Without Caps

Slice

slice displaysorthogonal dice planes
through volumetric data.

Color indicatesthe scalar value.
Example:

[x.y.z] = meshgrid (-10:10, -10:2: 10, -
10:1.5:1  0);

v= sqgrt (X2 + yr2+ zAh 2);

% slice throug h the O plan es

slice(x, vy.z,v, 0,0,0)

colorbar
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Slices

Many Others Graphicsare
Available

Texture mapping to asurface
I mages

Animation — movies
Animation — on-the-fly
Lighting

Camera graphics
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Handle Graphics

Handle Graphics

When do you need to use Handle Graphics
What are Handle Graphics objeds.

Objed Handles

Objed Properties

Handle Graphics

Handle Graphicsisthe mlledion of low-level graphics
functions that actually do thework of generating
graphicsin MATLAB.

These detail s are usually hidden from theuser in

graphicsfiles such asplot, axs, etc.

Handle Graphics can beused to make a small change
or global changesthat affed all graphical output.
Wewill cover only the highlights of Handle Graphics.

You are encouraged to refer to Chapter 31 o
Mastering MATLAB 5, if you will be using these
capabilities.

AppendicesB - J contain listsof objed properties.

The MATLAB Help Desk is an excdlent resource for
information on Handle Graphics.
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Handle Graphics

Who neads Handle Graphics?
When you must have more control over your plots.

When you nedl to change objedsin your graphics
that you cannot do with the high-level plot functions.

Handle Graphics Objeds

Every component of a graph isan objed: axis, text,
lines, etc.

Each objed hasa handle asciated with it.
A handleisa number that identifies the objed.
Each objed has propertiesthat can be changed: color,

position, etc.

In MATLAB, a gaphicsobjed isa component of a
graph that can be manipulated.

Handle Graphics

Everything created by a graphics command isa
graphics objed.

Examples:

Figure windows
— Axes

Lines

— Surfaces

— Text

These are arr anged in a hierarchy of parent and child
objeds.

The mmputer screen isthe root objed and isthe
parent of all other objeds.

Figures are the dhildren of the roct.
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HANDLE GRAPHICS

Axes and GUI (uicontrol, uimenu,
uicontextmenu) objeds are cildren of figures.

Line, text, surface patch and image objedsare
children of axes.

The root can contain one or more figures.

Each figure can contain one or more sets of axes.

All functionsthat create an objed will create the
parent if they do not exist.

HANDLE GRAPHICS

Reall that an objed isidentified by a handle. When
an objed iscreated, aunique handleis created for it.

Thehandle of the roct objed or computer screen is
always zero.

Figure handles are usually integers, which are
displayed in thewindow title bar.

Other objed handles are floating-point numbers.

You can createa figure objed and saveitshandlein a
variableusing the following:

Hf_fig =figure

For example, f i gur e creates a figureswindow and
savesits handlein thevariable Hf_fig.
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HANDLE GRAPHICS

There are several MATLAB commandsthat can be
used to deter minethe handles of figures, axes and
other graphics objeds.

gcf isafunction that ‘gets current figure’
handle.

Hf_fig = gcf returnsthehandleof the
current figure and assignsit to thevariable.

gcaisafunction that ‘gets current axes'
handle.

Ha_ax= gcareturnsthe handle of the
current axesin the aurrent figure and assignsit to the
variable.

geo isafunction that ‘gets current objed’
handle.

Hx_obj =gco returnsthehandle of the aurrent objed
(thelast objed clicked on by the mouse) in the airrent
figure.

HANDLE GRAPHICS

Y ou should follow a naming convention for handle
variables.

In the Mastering MATLAB book, each handlevariable
startswith theletter ‘H’.

Y ou should also use a naming convention that
describesthetype of objed referred to by the handle.

Whatever convention you deddeto use should
facili tate handle remgnition.

Y ou do not ned to save handles for objeds unlessyou
think you will need to change the properties of those
objeds later on.

It isimportant to save the handlesthat have floating
point values, because these follow the full precision of
MATLAB.
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Handle Graphics

« All graphics objeds have propertiesthat define their
characteristics:

Postion
Color

Size

* You can manipulate your graphicsby changing these
properties.

* Thepropertiesfor each objed are unique.

« Somepropertiesare valid for all objeds.

« Objed properties have property names and their
values.

HANDLE GRAPHICS

* Thepropertiesare usually displayed with lettersin
mixed case, with thefirst |etter of each word
capitalized. However, MATLAB recognizesa
property regardlessof case.

* Forexample: ‘LineStyle

¢ You only nedl to use exough lettersto uniquely
identify theproperty.

« For example: ‘Position’ and ‘Pos’ and ‘pos’ would
accessthe pasition property.

*  When an objed iscreated, it has a set of default
property values.

¢ You can set or changethese at creation time, by
argumentsto the objed creation function.
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HANDLE GRAPHICS

« For example,
« fi gure(‘Color’, ‘whit e)

« changesthebackground color from gray to white.

¢ You can also change propertieslater on using the
following two functions. These are the main functions
for manipulating graphics objed properties.

« get returnsthe airrent value of an objed property.

« set alowsyou to changethevalues of objed
properties.

¢ Thegeneral syntaxis:

set (handl e, ' PropertyNane', Val ue, . ..)
get (handl e, ' PropertyNane', Val ue, . ..)

¢ You can set several of these property valuesin one
command.

HANDLE GRAPHICS

* Example

fi gure
set(gcf,’  Color’, ‘“white")

¢ You can useset(handle’PropertyName') to get alist
of valuesthat can beused for the objed referred to by
handle.

« If you use set(handle), then you get alist of properties
and possiblevalues (if appropriate) for the objed
belonging to the handle.

« If you usethefunction get(handle) then it liststhe
propertiesand current values for the objed.

« If you want a spedfic valuefor a property, use
get (handl e, ‘ Property Nane').

* Example

pos= get(gcf, ‘Posit ion")
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HANDLE GRAPHICS

¢ You can use Handle Graphicsto changethe printed
output of your graphics.

« For example, you can useit to orient the page
(landscape or portrait) or figure placement.

¢ Recll that MATLAB setsobjed propertiesto their
default valueswhen it is created.

* You can changethese by usnga spedal property
name onsisting of * Def aul t’ followed by the objed
type and property name.

* For example

‘ Defaul t Fi gur eCol or’ .

HANDLE GRAPHICS

¢ You should take are when changing defaults. If you
change adefault in a function or other file, then
always save the previous sttingsusing the get
command and restore them when you are done.

¢ You can usetheproperty-value' renove’ toreset a
property back to theoriginal defaults:
set (gcf ,’ Defaul t AxesLineWdth',’ renove’)

¢ You can usethe MATLAB default temporarily using
the property-value ‘factory’.

* Thischangesthedefault for the aurrent command
only.
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HANDLE GRAPHICS

RECALL:

Any objed that appearsin aMATLAB figure isa
part of Handle Graphics.

Every objed hasa uniqueidentifier called a ‘handle’.

This handle all ows you to modify the objed.

Most of thetimeyou do not neel to worr y about
these, but they are alwaystherein thebackground.

The Property Editor in MATLAB isoneof the
GUIDE todls.

It isvery useful in GUI development or for editing
graphics objeds.

The Property Editor allowsyou to change objed
propertieswithout knowing their handle or using the
MATLAB command line.

PROPERTY EDITOR

First, lets review how to edit an objed without
the ditor.

Create afigure using

surf (peaks(25))
set (gcf, ' Color','blue’)

These mmmands created a surface picture
of the ‘peaks’ function and set the background
color to blue.

Y ou can also change the alor (to green)
using

» set(gcf,’Color’,[010 ])
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Properity Editor

The Property Editor provides convenient accessto
many properties of objedsin a graph.

You can edit these objeds:

Figures
Axes

Lines
Lights
Patches
Images
Surfaces
Redangles
Text

Root Objed

To start the Property Editor, usethe ommand

propedi t (gcf)

Property Editor

You can also start the Property Editor seleding it
from the pull-down menu in thefigure window.

If you placethe airsor over afield, adatatip will
appear that displaysthe name of the property and its
current value.

If you keep the Property Editor open, clicking on
other objedsin the graph will changethe set of panels
to those asciated with that objed type.

Simply click on thetab of the panel that containsthe
property you want to modify.

After changing a \alue of a property, click the Apply

44



PROPERTY EDITOR

If you seled multiple objeds of the sametype, the
Property Editor displaysthe set of panels edficto
that objed type.

Having seleded multiple objeds of the sametype,
when you change one valueit will be applied to all
objeds of that type.

If you seled multiple objeds of different types, the
Property Editor will only display the Info panel, since
it iscommon to al objed types.

You can also seled objeds using the Navigation Bar.

Hereyou can seea hierarchical list of all objedsin the
current figure.

You can usethe navigation bar to search for a
particular objed, or group of objeds, in afigure.

Tag
Type

Handle

Property Editor — Creating
Tags

Thenavigation bar will li st all objedsby their type
and their tag, if they have one.

Tags can help identify which objed in alistisbeing
acted on.

You can easily createatagfor an objed.

With Plot editing mode enabled, double-click on the
objed in a graph.

Click on theInfotab in the Property Editor
Enter atext string in the Tagfield.
Click on Apply

Try changing the @lor of the background using the
property editor
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