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Script M-files
« Sometimesyou will need to exeaute your commandsin
MATLAB using ascript file rather than interactively.
 Reasons:

— Thenumber of commandsislarge.

— You might want to change values of your variablesand
reevaluate the mmmands.

— You need a history of what you've done.

 Thisallowsyou totype MATL AB commandsin atext file
and tell MATL AB to execute the ommands as if you had
typed them at the command prompt.

» Theseare called script filesor M-files. We @an usethese
ter msinterchangeably.

e These must be saved with the .m extension.

« Tocreateascript fileon aPC, choose New from the Eile
menu and seled M -file.

« Thiswill open up the Editor/Debugger where you can enter
your MATLAB commands.



Example Script File

% This is an exanple of an Mfile

% Generate a matrix of nornmal random
vari abl es

x=randn( 100, 5) ;
% find the nean of each col unn
X_mu=mean( x)

% find the standard devi ai on of each
col um

X_std=std(x)

% find the nean & std of the entire data
set

X_mu_all =mean(x(:))
x_std all=std(x(:))



Some Properties of Script Files

 Onceyou typethe name of your script file at the command
line, MATLAB doesthefollowing:

— It searchesthecurrent variables and built-in MATLAB
commands.

— If your M-file nameisnot there, it searchesthe current
directory.

— If thefileisthere, it opensit and runsthe commands.

— Ifitisnot in the above places, MATL AB searchesthe
path.

 Variablescreated by the commandsin your M-file stay in
the wor kspace.

« Commandsin your M-file have accessto all of the variables
referred toin the M -file,

 Usually, the commandsin the M-file are not displayed as
they ar e executed.

« Thecommand echoon displaysthe commandsto the
command window asthey areread and evaluated.

« Thecommand echo off stopsthisand thecommand echo
just togglesthe state.



Some Useful Script Functions

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

disp Display results.
edo Echo the file ommands.
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.
waitfor buttonpress waitsfor a mouse dick

or keystroke over a plot



Functions

Thereisadifferent typeof M-filecalled an M-file
Function.

Y ou can speed up your code significantly by writing
things as M -file functionsrather than just script files.

Functions can be thought of as black boxes: all you
seeiswhat goesin and what comes out.

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

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

It issimilar tothescript file, in that it alsoisatext file
with the .m extension, however inter mediate variables
within the function do not appear in or interact with
the MATLAB workspace.

You createthisfilein the same manner, but with
dightly different syntax.

Pages 176-178 of thetext liststherulesand criteria
gover ning Function M-Files.



Functions

A Function M-fileisdifferent from a script file; the key
differencesare:

* Functions communicates with the wor kspace through the
variables passed into it and that are produced from it.

 Any intermediate variables created by the function are
hidden and do not interact with the wor kspace.

 Thereisa specific syntax that tellsMATLAB that an M-file
iIsafunction and not a script file.

 Thefirst lineof an M-file function must be either:
function arg out = function_nane(arg_in)
or

function [argl,arg2] = func_nane(inl,in2)

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

 Thesewill bereturned by the hel p command.

e Thefirst comment line, also called theH1 line, issearched
by thel ookf or command.



Functions

Rules about function M-Files:
Y ou should always name the function and its file name the same.

Thefirst time MATLAB executes a Function M -file, it opensthe text
file and compiles the commands.

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

Other functionsthat are called by a function M-File are also
compiled.

In contrast, script M-files are interpreted and are not compiled even
if they are called by another function.

Hereisasimplefunction that returns a squar e of the value passed.

function x = squareit(y)

USQUAREI T returns the square of an array or
scal ar.

%his is to show a very sinple exanple of a
functi on.

X=y”"2;
» hel p squareit

SQUAREIT returns the square of an array or
scal ar.

This is to show a very sinple exanple of a
functi on.

» squareit(5)
ans =
25

»



Function M -files

 Key characteristics:
e Functions can have zer o or moreinput arguments.
* Functions can have zer o or more output arguments.

e  Functions can be called with fewer input or output variablesthan
wer e specified in the function...but not more.

* Anerror isreturned if they are called with more input or output
arguments.

« If afunction has morethan one output variable, then they are
enclosed in brackets.

function [nu,std] = stats(x)

«  Thenumber of input and output argumentsthat are used when a
function is called are available inside the function.

» Theseareavailable with the nargin and nargout variables.

e They areusually used to set default input variables and to deter mine
what output to use.

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

« MATLAB packsthe specified inputs and outputsinto a cell array.



Functions

When a function declares one or more output variablesand
you do not want any output, then do not give the output
variablea value.

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

For thisreason, you can call variablesthe samein both
wor kspaces.

If a predefined variable (e.g., pi) isredefined in the
MATLAB workspace, it does not carr y over into the
function'swor kspace and vice versa.

Theinput variables are not copied into the function
wor kspace, but their values ar e readable within the function.

If any of the valueswithin an input variable are dhanged,
then the array is copied into the function workspace.

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

To save memory you should extract the portions of arrays
that you wish to gperate on.



Global Variables and GUIs

Functions can share variableswith other functions, the
MATLAB workspace, and recursive callsto themselvesif the
variablesare declared gl obal .

To gain accessto a dobal variable it must be dedared
gl obal within each desired workspace.

The use of global variables dould be avoided asthey often
can lead to conflicts, confusion, and be difficult to debug.
To avoid these problems consider the following suggestions
when creating gobal variables;

Use all capital lettersin the global variable’ s name.
I nclude the M -File name in the variable s name.
If you can find an alternative to a dobal, doit.

MATLAB searchesfor functions, as mentioned with script
files.

If you call a script filewithin a function, then the script file
seesonly the function workspace not the MATL AB
wor kspace.

Functions can be alled recursively.

Thisiscommon with Graphical User Interfaces (GUI' 9).



Functions

M -file functions stop executing and return when they reach
the end of thefile or the command return isreached.

For error reporting and debugging there are threefunctions
you can use.

di sp displaysa variables value without showing its name;
you can usethiswith string variables to show messages.

error displaysa string in the command window, abortsthe
function execution and returns control to the keyboar d.

war ni ng displaysastring aswell, but does not abort the
function.

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

If an M-file function isreferenced that was previously
compiled into memory, then it comparesthe dateswith the
one on disk.

If the dates ar e the same, the compiled code is executed.

If thefileon disk isnewer, the newer fileis compiled and
used.



Subfunctions and L ocal
Functions

Function M -files can contain code for more than one
function. These are called subfunctionsor 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 afunction within an M-file, it first
checksto seeif it isa sub-function.



Private M -files

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

These functions are visible only to the same or parent
directory.

Sincethese functions are not visible outside the parent
directory, they are not visible to the command line or
any outside functions.

Ther efore they can use the same names as other
functionsin other diredories.

Once MATL AB checksfor sub-functions, it next
che&sin theprivatedirectory.

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



Creating Your Own Toolbox

The‘Toolbox’ directory isa subdirectory containing
completed functionsthat are cached by MATL AB.
We can add our own subdirectory in there.

We need to place Readme.m and Contents.m in our
subdiredory (let’scall it MyTodBox).

Readme.m isa script file containing comment lines
that describe late breaking changes or undocumented
features of our toolbox.

Contents.m contains comment linesthat list all M-files
In our Toolbox. Thefirst line should contain the
name of the Toolbox and the second line the date and
version.

Readne. m isaccesed by what snewMyTodBox

Contents. m isaccessd by hel p MytodBox.



Command and Function Duality

e You have used some MATL AB commands such as clear , whos,
dir , ver, help ,etc. MATL AB letsyou create your own new
commands.

 Thereare two differences that distinguish commands from functions.
« Commandsdo not have output arguments
e Input argumentsto commands are not enclosed in parenthesis.

¢ Commands are actually interpreted as the following example
indicates.

>> whatsnew M yToolbo x %command form
isinter preted as

>> whatsnew (' MyToolbox' )

Here' s an example,

» which color def
C:\ PROGRAM FLES\ MATLAB tool box\local \ colo rdef .m

We @an also dothis:
» s=which( 'co | ordef )
S =

C:\ PROGRAM FLES\ MATLAB tool box\local \ colo rdef .m



Command Function Duality

e Thefollowing doesnot work since it mixes
function and command syntax.

» s=whi ch col or def
??7? s=whi ch col or def

M ssi ng operator, conmm, oOr sem -
col on.



feval

* You can pass a character string name of a function to another
function for evaluation. You saw thisin converting strings with
eval . MATLAB providesa more efficient method for certain cases.
Thisisfeval

e eval callstheentire MATLAB interpreter to evaluate a string.
« feval executesonly functionsgiven by a string.

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

e Theseareequivalent:
a= feval ('myfunction’ | x)

a= myfunctio n(x)

feval workswith multiple arguments.

[a,b] = feval (‘'myfuncti on' x,vy,zt)
isthe same as
[a,b] = myfun ction (x,y, z,t)

feval ismuch more efficient than eval

e Usefeval whenyou haveto evaluate afunction many timesor in an
interative procedure.



INn-llne functions and feval

* Normally myfunction isthe name of an M-file function,
however you can usef eval withi nl i ne and expressan

entire function asa character string.
 Here'show wewould do thiswith eval

» myfun ='10 O0*(y -x"2)"2 +(1 -x)"2 %ust a
string

» %wecanuse eval If weset thevalue s ofx
and y first

» x=1.2;

» y=2;

» a=eval (myfun)
a=

31.4000

variables had to be defined previousto eval ( myfun)

 Here'swhat happenswhen we useinline

» myfuni  =in | ine( myfun, X, 'Y)% m ake it
inline

myfuni =

Inline functi on:

myfuni (X,y) = 100*(y -x"2)"2+(1 -x)"2



| n-lie functios and feval

Natural argument usage

» a= feval (nyfuni ,Xx,y)
a=

31.4000

» b= feval (nyfuni , -2,1)

909

Examine the function

» argnames ( myf uni ) %ret urns

function

% works for any

t he arguments

» formula( myfuni ) %retu rnst he formula for

function
ans =

100%(y - x"2)" 2 + (1 -x)* 2

arguments

f or the

the



MATLAB Debugging

When developing MATLAB M-Files eventually errorswill occur.
MATLAB will tell you when you have errors. There aretwo types of
errors, syntax and run-time.

Syntax errors can be generated when an expression or function is
compiled into memory.

These can bethingslike

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

MATLAB flagsthese errorsimmediately and provides feedback
describing the error and where it occurred.

Syntax errorsare usually easy to identify.

Run-time errors are gener ated when an operation leads to unnatural
results.

These can be caused by operationstheresult in thingslike
Empty arrays

NaNs

MATLAB flags these errorsthen returns contr ol to the command
window.

By their nature, run-time errorscan be difficult to debug.



Debugging by Hand

For ssimple problems manual debugging techniques
can be quite useful.

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

Add statementsthat display variables of interest
within the function.

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

Remember to user et ur n to exit the keyboard state
at the K>> prompt.

Changethefunction M-fileinto a script M-file by
placing a % befor e the function definition statement
at the beginning of the M -file.

Thiswill let you examine the wor kspace when the
ter mination occurs.



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 ar e debugging.
Debugging functions are similar tothose in other high-level languages. The following table
summarizes the inline debugging commands:

Debugging Command

Description
dbstop in nfile
dbstop in nfile at lineno
Set abreakpointinnfile (atlineno)
dbstop if warning
error
nani nf (or infnan)
Stop on any war ning, run-time error, or when aNaN or Inf isgenerated.
dbcl ear all
all in filenane
in filenane
i f warning
if error
i f naninf (or infnan)
Remove breakpoints.
dbst at us
dbstatus fil enane
List all breakpoints (in filename).

dbtype nfile
nfile mn
List nfi | e with line numbers (between line numbers mand n).
dbst ep
dbstep n
Execute one or n-linesand stop.
dbcont
Resume execution.
dbst ack
List who called whom.
dbup
Move up one wor kspace level.
dbdown
M ove down one wor kspace level.
dbqui t

Quit debug mode.



The Graphical Debugger

MATLAB on the PC featuresan integrated M-
file editor / debugger.

It can be launched right from your M -file editing
session by typing edi t at the command prompt.

Or launch it by choosing Eile » New or Open.

8} C:\matlabR 1 24work\timeit.m
File Edt “iew Test Debug BEEEEGgEN ‘v'=b ‘"window Help

NS Set/Clear Breakpoint F12 |y - | SR EEEE |
; Clear All Breakpointz
4 | script the times may be alightly
-] i Stop IF Erar te the first
B AE - Stop 1w arning 1
; Stop If MaM Or Inf
]
10
"= ] 0o ; lements
12| = y up & of indices
13)- £
145— X=sin(n*pi/Ll0) ulate a sine for each index in the array
15| = Vector_time = p cthe cimer and display the resulr
16
1?5* kic - t the timer again
19|~ for i=11N he same calculation in & loop
19! - x(i)=sin(i%*pi/10);
20/ - end
|- Loop time = toc
ot
23?— Eprintf('The vectorized problem tan g times faster ‘'n' Loop time /Vector time)
24
o]
26 e
-
[EY (ofis




The Graphical Debugger

e Buttonsexist on thetoolbar to do rudimentary
procedures such assingle step, continue, and
guit debugging.

* You can set and clear breakpointsin an easy
manner .

« You can view thevalueof avariable or
expression by highlighting it in the editor then
using Text » Evaluate Selection



Profilingin MATLAB

MATLAB givesyou toolsto help you fine-tune, e.g.,
optimize, your code to avoid unnecessary function calls and
calculations.

The Profiler examines a running program to deter mine
wher e the program is spending most of itstime.

With the profiler you can identify functionsthat are
consuming the most time, then deter mine why you are
calling them and look for waysto minimize their use.

When you reach the point where most of thetimeis spent on
callsto a small number of built-in functions, you have
probably optimized the code as much asyou can expect.

Hereisarundown on some of the profiling functions.

profile on Begin profiling for the session.
profilereport Display a profilereport in
HTML.

profile plot Plot the profilereport using a
par et o plot.

profile off Disable profiling.



Basics of Plotting

Getting har dcopy
2-D Plotting

Using the 'plot’ function

— Linestyles

— Gridsand labels

— Legendsand Axes

— Subplots

— Multiple Figure Windows
— Retrieving Data From Plots
— Other Plotting Commands

Speaal 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.

Use the menu from the Figure window.

Y ou can Copy/Paste into your document.

NOTE: in previousversionsof MATL AB the default
background color isblack. Be sure toinvert the
background or else you will have a black figure.

You can also usethe'print' command at the
command line.

Argumentsto the print function call different devices.



Plot Function

 Themost common command for plotting datain
2-D isthe plot function. Thisfunction plots sets
of data (vectors) using appropriate axes and
connectsthe pointswith straight lines.

» X=0:.1:2*pi; %create horiz vector
» y=co0s(X); % find cos of each one
» plot(x,y) % pl ot




plot Function

pl ot opensa Figurewindow, scalesthe axesto fit the
data and plotsthe points.

|t adds a scale and tic marksto both axes.

|f a Figurewindow already exigs, then it clearsthe
current window and draws a new plot.

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

pl ot (x1,vy1l, x2,y2)
|f one of the argumentsisa matrix and theother a

vector, then it plots each column of the matrix versus
the vector.

If you provide just one argument, then the following
can happen:

If it iscomplex, then it plotsthereal part versusthe
Imaginary.

If it isreal-valued, then it plotsthe vector (or matrix)
versustheindex of itsvalues.



Linestyles, Symbols, and Colors

e Thedefault linestyleisa solid line...MATLAB allows you to choose
from several.

solid line
dotted line
-. dash-dot line
— dashed line

e Ifyou plot several lines on one plot, then MATLAB startswith blue
and cycles through the colors green, red, cyan, magenta, yellow,
black, and white.

* You can useasymbol for each point and they will not be connected
by lines.

e Thesymbolsthat are available are:

. point

circle

X X-mark

+ plus

star

S square

d diamond

v down triangle
A uptriangle

< |left triangle
right triangle

p pentagram
h  hexagram



Llnestyles Symbols, and Colors

S "< 3o -~aQoT

You can select the color of alineor symbol.

blue
green
red

cyan
magenta
yellow
black
white

Y ou can combine both linesand symbols.

For example, plot the sine and cosine on the same plot, with
the cosine plotted as a line and with symbols.

» y2=s 1 n(x)
» plot (xy, X,y, 'b*, X, y2')g -")

0.8
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0.4
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Gridsand L abdls

« Thecommand grid addsgrid linesto the plot at thetic
marks.

 Repeated use of the command togglesthe grid lines on
and off.

 You can eadly add atitleto your plot using:

o title( 'MyPlot Title )

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

xlabel ('Lab elt he X' )
ylabel ('Lab elt heY' )

1 ek

0.8+

0.6

0.4+

0.2

ol

el

0.2}
0.4}

-0.6+
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Gridsand L abdls

« Text can beadded to any location on the plot with the
text command:

text(x ,vy,| abel ")

 wherethex and y represent the coordinates of the
center left edge of the string in units corresponding to
the axes.

* You can usethefunction gtext('label') to placethe
label with the mouse.

« Thegtext function activatesthe aurrent Figure
window, givesyou a crosshair that followsthe mouse
and waitsfor the mouse dick.

« Thetext isplaced in thelower left corner of thefirst
character at that location.



L egends

« MATLAB providesthe apability of showing legends
to identify the different data.

* You can movethelegend by holding the mouse button
near thelower left corner and dragging.

* You can removethelegend from plots using legend
off.

» x=li nspac e(0, 2*pi, 100);

» sinx =sin( X);

» COSX =c0s ( X);

» plot (X, si nx,) b*x ,cosx,'gd)
» lege nd (' sin( x)', 'c os(x) )
» titl  e('Sa nple Plot )

» xlab el ('xaxi s')

» ylabel('y axis)

Sample Plot
* sin(x)
osf o F % <05
*
*

*)é
0.6} *

*

04t X

*

0.2} %
*

%) bk
§ (of 3

>

0.2
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06} 1
** **
4 .
08f % 1
1 . . , Bl
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Z.00m

Zoom on turnszooming on.

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

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

Click and drag rectangle to zoom into a particular
area.

zoom(n) zooms by a factor of n.

zoom out returnsthe plot to itsinitial state.

zoom off turns off zoom mode.

zoom togglesthe zoom state.

For zoom to be used the legend must be turned off.

Since both zoomand | egend respond to mouse clicks
they can interferewith each other.



aX€S

e You can usethe command axisto change the axes of
your plot.

« Theargument tothisisafour element vector
containing the following infor mation:

e [XxXmn xmax ym n ynmax]

Y ou can use the function without any argumentsto
get the current axes values.

» axis  %get current axes val ues
ans =
0 4 -1 1

» axis([0 10 -2 2]) %reset to new ones

Sample Plot

5 oo

y axis
KR




Multiple Plots Per Page

Y ou have seen that you can plot multiple data against a
single axisusing the plot command.

plot(x, sinx , b*Xx, cosx,'gd )

You can also add new plotsto an existing plot by using the
hold command.

hold on tellsMATLAB not toremovethe eisting axes
when new plot functionsareissied.

If the new data do not fit within the current axeslimits, the
axes arerescaled.

hold off releases the current figure window for new
plots.

hold with no argumentstogdesthe setting.

The mlor cycle starts anew with each call toplot . You
might want to spedfy plot colorswhen using hold so that
linesaren’t plotted in the same lor.

iIshold returnslif hold ison.

» hold
Current plot held
» ishold

I._\




subplots

Sometimes you might want to plot mor e than one data set on
multiple axes, rather than several plotson oneaxis. You can
do thiswith the subplot(m,n,p) command.

Thisgivesamatrix of m x n plotsin asingle Figure
window.

The p standsfor the p-th area to beactive.

The subplots are numbered left to right from thetop row to
the bottom.

Be car eful about putting too many plotsin one Figure
window.

The active subplot isthe one responsive to the previous
commandsto a Figure (e.g., axis, xlabel, ylabel, title)

When you want to go back to one axisin a Figure window,
you must use:

subplot(1,1,1)



subplots

»

»

»

»

subplot(2,2,1),plot(x,
title(  'Cos (X))
subplot(2,2,2),plot(x,

COSX )

COSX ,'t+')

title(  'Cos (x) with Symbols')

» subplot(2,2,3),plot(x, sinx )
» title('Sin(x)")
» subplot(2,2,4),plot(x, sinx ,'0")
» title('Sin(x) with Symbols')
Cos(x) Cos(x) with Symbols

1 1
05} 0.5\ /
of 0
-05¢ -05
1 1 '.:!:_ _:!:."
0 2 4 6

8 0

Sin(x)

! &%
0.5/ 05 _: V‘,

0 of
05f / 05

1 - - - 1

2 4 6 8
Sin(x) with Symbols
2 4 6 8




Multiple Figure Windows

e You can create multiple figure windows and plot
different data setsin different waysin each one.

o Select New Figurefrom the File menu or,
« Usefigure(n) inthecommand window

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

# Figure No. 1 !E]n
Eile Edit ‘Window Help

05

04 //r\ | /
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02}
03t 5
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Multiple Figure Windows

# Figure No. 2 BE

Eike Edit Window Help

049994

Every time a new figure window iscreated, a number
Identifying it isreturned and stored for future use.

Each new figureisplaced in the default figure
position: click and drag to move figures around.

Select activefiguresby ;
clicking with mouse

usefi gure(n) command

Only the current figureisresponsive to commands.



Retrieving Data From Plots

The function ginput allows you to select points from a plot based on
the position of a mouse click.

Thereturned data are not necessarily points from the data set used to
createthe plot, but rather the explicit x and y coor dinate values
wher e the mouse was clicked.

If points ar e selected outside the plot axes limits, the pointsreturned
are extrapolated values.

Returned data are with respect to the current or active subplot.

[ X, y] =gi nput ( n) will retrieve n points. Not specifying n will
allow retrieves until the Return key is pressed.

Before using gi nput , zoomand | egend should be tur ned off, since
all respond to mouse clicks and can interfere with each other.

o

. 5091
. 1273
. 8000

. 5607
. 4451
L2717

[ u, v] =gi nput ( 3)




Other 2-D Plots

MATLAB providesa host of specialized 2-D plots.

pol ar  plot of polar coordinates as a function of angleand
radius

bar bar graph
stairs stairstep graph...no spacing or lines

stem stem plot

Err or bar graph with errorbars

f eat her displays angle and mag asarrows

conpass same as above, except it emanates from
origin.

bar 3 vertical 3-D bar chart

bar 3h horizontal 3-D bar chart

bar h horizontal bar chart

pi e piechart

pi e3 3-D piechart

rose draws polar histogram



Polar Plots

polar(t,r,S) will createa plot in polar
coordinates.

t istheanglevector in radians
r istheradius vector

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

»

»

»

»

»

»

t= linspace (0,2*pi);

r=sin(2*t).* cos (2*t);
subplot(1,2,1)

plot(t,r),title("X - Y Plot")
subplot(1,2,2)
polar(t,r),title('"Polar Plot")

PolajgP1ef 49994
60




Other Plotting Commands

plotmatrix  (x,y) scatter plots columns of x
against the columns of y.

If X isP-by-M and Y isP-by-N, PLOTMATRIX
will produce an N-by-M matrix of axes.

v

v

v

v

x=randn (50,3); % 50 rows by 3 cols
y=randn (3); % 3 rows by 3 cols
plotmatrix  (X,X*y)

title("Scatter Plots Using
plotmatrix’ )

Scatter Plots Using plotmatrix

i .:o e %.o.

| o L g
°® “
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Other plotting Commands

« fplot allowsyou to plot a 1-d function without
creating a data set.

o fplot (‘fun')] Xmin xmax |)
o fplot (‘fun')] Xmin xmax ymin ymax )

e funisasymbolic expresson in onevariable or
the name of an M-file uses adaptive step control
to producea representative graph, concentrating
its evaluation in regionswhere the function’s
rate of changeisthe greatest.

» fplot  ('sin(x)',[0,2*pi])
» title(" fplobof sin(x)" )




Other Plotting Commands

 ezplot plotsafunction over thedomain | -
2*pi 2*pi]

 Thex-domain can be specified using theform
e ezplot (‘FUN ,[ xminxmax ])

e Thex-axislabdl isthevariable name.

 Thetitleisthefunction‘ FUN .

» ezplot ('sin(x"2)/(x+ eps)’)

sin(x"2)/(x+eps)




Special Text Formatting

e You can create multi-line text with any text
string, including titles and axis labels by taking
advantage of string arraysor cell arrays.

» title({'Plot of sin(x)','"Using
fplot" })

F10L Ol SITI(X)
Using fplot

0.2

0.4

0.6

-0.8F




Scatter plot Example

| oad seanount
%€ones wth

% he standard
%dition
scatter(x,vy,5, z)
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Symbols and Special
Characters

Thereareover 75 symbols, including Greek letters and other
gpecial characters, that can beincluded in MATLAB text
strings.

Y ou access these by embedding a subset of TeX commands
within your string using the\ character.

The available symbols and the character stringsused to
definethem arelisted in thetable on page 375-376 of your
text.

A limited subset of TeX for matting commands ar e also
available.

A super script
_ subscript
\ fontham e font type

\ fontsiz e font size

\bf, \it, \sl,\rm bold, italic, dant,

normal roman

gtext (" \fontn ame€couri er} \fontsize {16} \it
X {\alpha}+ y™M2 \pi} )

27
Produces x- , + y<"



3-D Plotting

« The plot3 function is sim | lar to the 2 -D
plot function , except weare nowinth ree
dimensions. The synta xi s similarto plot
except that y ouneedt o p rovide 3 data sets
or vectors.

» t=0:pi/50:1 O*pi;

» plot3(sin(t ),cos(t), t)

»xlabel (‘'sin( t)), vylab el ('cos (1)), zla bel ('t)
» title("Hel X"

Helix

35
30 4
25

cos(t) ) -1 sin(t)




3-D Plotting

 Asyoujust saw, there is a zlabel function that you can use with  3-D
plots.

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

* You have a cetain viewpoint with 3-D graphics, spedfied by azimuth and
elevation.

»  The azmuth is the angle with resped to the x=0 plane.
* The devation isthe angle with resped to the z=0 plane.

* You can change this view with the cmmmand:
o view( az.,el] )

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

* Youcaninteradively rotates the view of a 3-D plot with the command
rotate3d

*  Trythefollowing;

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




3-D Plotting

Sometimes we nheed to view a scalar function of two
variables:

z=f(x,y)
A plot of thisisa surfacein 3 dimensions.

Toplot thisin MATLAB, thevaluesof zarestored in
amatrix.

Oneway to get these valuesisto first create a matrix
of x and y values:

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

meshgri d will duplicate x for each of therowsiny
and will duplicatey asa column for each of the
columnsin x.

Thisallows all the values of zto be computed in a
single statement.

If f(x,y) = (X +y)?then,

Z

= (X+Y)."2 %elenent by el enent




3-D Plotting

e You can plot a mesh surface defined by the z-
coor dinates of pointsabove arectangular grid in
the x-y plane.

A mesh isformed by joining adjacent points
with straight lines.

» [ XY, Z] =peaks(30);
» mesh( XY, 2)

 peaks isafunction of two variables, obtained
by trandating and scaling Gaussian
distributions.




Some 3-D Plot Examples

[ X, VY, z] = peaks;
subplot(2,2,1), mesh(x,y, z)
C = del 2(2),;

subpl ot (2, 2,2), mesh(x,y, z, ©
subpl ot (2, 2,3), meshc(x,y, z2)
subplot (2, 2,4), meshz(x,y, z)




Different Shading Pattern

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

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

subplot (1,1, 1)

surf (XY, 2)

% plot lines wwth col or of
qgquadri | at er al

shadi ng fl at

% i nterpol ate shadi ng across
quadril ateral s

shading interp

%return to original shading

shadi ng faceted

08

AR .
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3-DPLOTS-OTHER USEFUL
FUNCTIONS

 Add labels, titles, change axes aswith 2-D plots

 Canlook at contoursof the surfaceusing
cont our function.

* You can rotatethe surfaceplot using the toolbar
button or r ot at e3d



Visualizing Volume

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

Volume data sets have multidimensional arrays of
scalar or vector data defined on lattice structures.

We will look only at scalar data.

Example of scalar data might be air pressure or
temperature at a pointsin space.



Visualizing Volume

Scalar volume data is best viewed with
isosurfaces, slice planes, and contour
slices.

You can view the distribution of data
within a volume by mapping values to
colors using slice planes.

Contour slices are contour plots drawn at
specific coordinates and let you see
where in a plane the data values are the
same.

Isosurfaces are surfaces created by using
points of equal value as vertices of patch
objects.



Contourdlice

| oad nri

% enove enpty
%i nensi on

D = squeeze(D);

x=xl1m

y=ylim

contourslice(D,[],][],8)

axis ij,xlimx),ylin(y)

daspect([1 1 1])

20

40

a0

100

120




| SOSURFACES

Usei sosur f ace todisplay overall structure of a
volume.

You can combineit withi socap.

Thistechnique can reveal information about data on the
interior of thei sosurf ace.

Thefollowing will create and process some volume data
and createi sosurface andi socap.

To add some other effects, lightswill be added.

| socap indicate values above (default) or below the
value of thei sosur f ace



| SOSURFACES

« Try thisexample, generating uniform random numbers:

data= rand (1 2,12,12);
data = smooth  3(data, 'bo x',5) ;
isoval =0.5;
H=patch( isosu rface (data ,isov al), ...
‘FaceColor ', 'blue’ ,' Edgecolor ,'none' ,...
‘AmbientStr  ength' ,.2, ' SpecularStrength' , 0.7, ..
'DiffuseSt rength’ ,.4 );

isonormals (data,H) %produces smoother lig hting
patch( isocaps (data, isov al), ...

‘FaceColor ', 'interp' , 'Edg ecolor' , 'none' );
colormap hsv
daspect ([11 1]),axist I ght, view(3)

camlight righ t, camligh t lef t, lighting phong




| SOSURFACES




| SOSURFACES Without Caps




Slice

sl i ce displaysorthogonal slice planes
through volumetric data.

Color indicatesthe scalar value.
Example:

[X,¥,z] = meshgrid(-10:10, -10:2:10,
10:1.5:10);

v = sgrt(x."2 +y."2 + z2.72);
% slice through the 0 planes
slice(x,y,z,v,0,0,0)

col or bar




Slices




Many Others Graphics are
Avallable

Texture mapping to asurface
| mages

Animation —movies
Animation —on-the-fly
Lighting

Camera graphics



Handle Graphics

Handle Graphics

When do you need to use Handle Graphics
What are Handle Graphics obj ects.

Object Handles

Object Properties



Handle Graphics

Handle Graphicsisthe collection of low-level graphics
functionsthat actually do the work of generating
graphicsin MATLAB.

These details are usually hidden from the user in
graphicsfilessuch asplot, axis, etc.

Handle Graphics can be used to make a small change
or global changesthat affect all graphical output.

We will cover only the highlights of Handle Graphics.

You areencouraged to refer to Chapter 31 of
Mastering MATLAB 5, if you will be using these
capabilities.

Appendices B - J contain lists of object properties.

The MATLAB Help Desk isan excellent resour ce for
infor mation on Handle Graphics.



Handle Graphics

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

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

Handle Graphics Objects

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

Each object has a handle associated with it.
A handleisanumber that identifies the object.

Each object has propertiesthat can be changed: color,
position, etc.

In MATLAB, agraphicsobject isacomponent of a
graph that can be manipulated.



Handle Graphics

Everything created by a graphics command isa
graphics object.

Examples:

— Figurewindows
— AXxes

— Lines

— Surfaces

— Text

Thesearearranged in a hierarchy of parent and child
obj ects.

The computer screen istheroot object and isthe
parent of all other objects.

Figuresarethe children of theroot.

Root
(Computer Screen)

Parent

Figure Figure I

Uicontrol Uimenu Uicontextmenu Axes Childron

STYLES:

checkbox

edit Uimenu
frame

listbox

Rectangle Line Light

o - Image Surface Patch Text

pushbutton
radiobutton
slider

text



HANDLE GRAPHICS

Axes and GUI (uicontrol, uimenu,
uicontextmenu) objects are children of figures.

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

Theroot can contain one or more figures.

Each figure can contain one or mor e sets of axes.

All functionsthat create an object will createthe
parent if they do not exist.



HANDLE GRAPHICS

Recall that an object isidentified by a handle. When
an object iscreated, a unique handleiscreated for it.

The handle of the root object or computer screen is
always zero.

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

Other object handles ar e floating-point numbers.

You can create afigure object and saveitshandlein a
variable using the following:

Hf fig="figure

For example, f i gur e createsa figureswindow and
savesits handlein thevariable Hf fig.



HANDLE GRAPHICS

Thereareseveral MATL AB commandsthat can be
used to determine the handles of figures, axes and
other graphicsobjeds.

gcf isafunction that ‘getscurrent figure’
handle.

Hf fig=gcf returnsthehandleof the
current figure and assgnsit to the variable.

gcaisafunction that ‘getscurrent axes
handle.

Ha ax = gcareturnsthe handle of the
current axesin the current figure and assgnsit to the
variable,

gco isafunction that ‘gets current objed’
handle.

Hx_obj = gco returnsthe handle of the current objed
(thelast objed clicked on by the mouse) in the current
figure.



HANDLE GRAPHICS

Y ou should follow a naming convention for handle
variables.

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

Y ou should also use a naming convention that
describesthetype of object referr ed to by the handle.

Whatever convention you deade to use should
facili tate handle recognition.

Y ou do not need to save handlesfor objedsunlessyou
think you will neead to change the properties of those
objedslater on.

It isimportant to save the handlesthat have floating
point values, because these follow the full precision of
MATL AB.



Handle Graphics

« All graphicsobjects have propertiesthat definether
characteristics:

Position
Color

Size

e You can manipulate your graphics by changing these
properties.

« Thepropertiesfor each object are unique.

o« Somepropertiesarevalid for all objects.

* ODbject properties have property names and their
values.



HANDLE GRAPHICS

The properties are usually displayed with lettersin
mixed case, with thefirst letter of each word
capitalized. However, MATL AB recognizesa
property regardlessof case.

For example: ‘LineStyle

You only need to use enough lettersto uniquely
identify the property.

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

When an objed iscreated, it hasa set of default
property values.

You can set or change these at creation time, by
argumentsto the objed creation function.



HANDLE GRAPHICS

o For example,
« figure (‘Color’, ‘white’)

« changesthe background color from gray to white.

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

« get returnsthecurrent value of an object property.

 set allowsyou tochangethe values of object
properties.

Thegeneral syntax is.

set(ha ndle, ' Property Name ,Val ue,. ..)
get(ha ndle, ' Property Namé ,Val ue,. ..)

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




HANDLE GRAPHICS

Example:

figure
set( gcf, Color’, ‘whit e')

You can use set(handle,’ PropertyName’) to get alist
of valuesthat can be used for the objed referred to by
handle.

If you use set(handle), then you get a list of properties
and posgble values (if appropriate) for the object
belonging to the handle.

If you use the function get(handle) then it liststhe
propertiesand current valuesfor the objed.

|f you want a spedfic valuefor a property, use
get(ha ndle, * Propert yName ).

Example:

pos = get( gcf, ‘Positi on’)




HANDLE GRAPHICS

Y ou can use Handle Graphicsto change the printed
output of your graphics.

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

Recall that MATLAB setsobject propertiesto ther
default valueswhen it is created.

Y ou can change these by using a special property
name consisting of * Default * followed by the object

type and property name.

For example

‘ Defa ultFi  gure Color ’



HANDLE GRAPHICS

* You should take are when changing defaults. If you
change a default in a function or other file, then
always save the previous settings using the get

command and restore them when you are done.

* You can usethe property-value‘ remov e’ toreset a
property back to the original defaults:

set( gcf,’ Defaul t AxesLi neWidt h’ ,’ remowe’)

 Youcan usethe MATL AB default temporarily using
the property-value ‘factory’.

« Thischangesthe default for the current command
only.



HANDLE GRAPHICS

RECALL:

Any objed that appearsinaMATLAB figure isa
part of Handle Graphics.

Every objed has auniqueidentifier called a ‘handle’.
This handle allows you to modify the objed.

M ost of thetime you do not need to worr y about
these, but they are alwaystherein the background.

The Property Editor in MATLAB isoneof the
GUIDE tools.

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

The Property Editor allowsyou to change object
properties without knowing their handle or using the
MATL AB command line.



PROPERTY EDITOR

 First, letsreview how to edit an objed without
the dlitor.

 Createafigure using

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

These mommands created a surfacepicture
of the ‘peaks function and set the background
color to blue.

Y ou can also changethe mlor ( to green)
using
» set( gcf ,’'Color’,JO1 0]

# Figure No_ 1
fie Edit Jook lWindow Help

Deda8 hA2A/, 2RD




Properity Editor

 TheProperty Editor provides convenient accessto
many properties of objectsin a graph.

* You can edit these obj ects:

 Figures

e AXes

e Lines
 Lights

« Patches
 Images

e Surfaces
 Rectangles
e Text

 Root Object

« Tostart theProperty Editor, use the command

» propedit(gcf)



Property Editor

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

T R i0i

File | Edit Wiew Insert Tools ‘Window Help

DLhdo

|f you placethe cursor over afield, adatatip will
appear that displaysthe name of the property and its
current value.

* |f you keep the Property Editor open, clicking on
other objectsin the graph will change the set of panels
to those associated with that object type.

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

« After changing a value of a property, click the Apply
button to make your change per manent.



PROPERTY EDITOR

If you select multiple objects of the sametype, the
Property Editor displaysthe set of panels specificto
that object type.

Having selected multiple objects of the sametype,
when you change one value it will be applied to all
obj ects of that type.

If you select multiple objects of different types, the
Property Editor will only display the Info panel, since
It iscommon to all object types.

Y ou can also select objectsusing the Navigation Bar .

Hereyou can see a hierarchical list of all objectsin the
current figure.

Y ou can use the navigation bar to search for a
particular object, or group of objects, in afigure.

Tag

Type

Handle



Property Editor — Creating
Tags

Thenavigation bar will list all objeds by ther type
and their tag, if they have one.

Tags can help identify which objed in alist isbeing
acted on.

You can easlly create a tag for an objed.

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

Click on theInfo tab in the Property Editor
Enter atext string in the Tag field.
Click on Apply

Try changing the color of the background using the
property editor



