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Learning how to ...

Visualization in Matlab #2

GUI #1

I Attention: SINCE MATLAB R2014b CHANGES IN GRAPHICS !l
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Visualizing

Advanced visualizing in Matlab

e Dbasic possibilities of visualizing mentioned in 5th partlo course
e figure and basic plottingglot , stem, ...)
e setting curve options of a graphneSpec (doc  LineSpec )
e functions for graph description, grid and legend

e (graph options
e (graph as a handle object (change since version R2014b)
e way of setting property values of graphic "objects"

e selected advanced possibilities of visualizing
e insering more graphs in a sindigure
e tens of types of graphs (see Help)
e projection of 3D graphs
e Vview , colormap
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Object identifiers (up to R2014Db)

Visualizing

each individual object has its own identifier (‘handle’ irakab terms)

these handles are practically a reference to an existiregbbj

e handle is always created by Matlab, it is up to the user to store it

e complex graphs (contours) may have more identifiers

root has always handle = 0 (more ooot later),figure  usually

an integer, other objects have handle equal to positivenrgaber (of
classdouble )

>>AlgHandle = figure;
handles >>Q—Iandle )iaxes;

number stored irfigHandle  variable exists even after closing the
window, but it is not a handle any more
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Visualizing

Object identifiers (since R2014b)

e each graphic object is marked as an object in workspace
e an objectis defined by its class with its properties and methods

e root can still be accessed using functiget() with parameter O
e root isnewlygroot object
e (more in part GUI #1)

e after object destruction (closirfogure )

e the object still exists in workspace (it appears as a reference to delete
object)
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Advanced visualization in Matlab

Visualizing

e graph as a handle number (version < R2014b)

e (graph as an object (since version R2014b)
e note: in what follows we will reference graphs as handle ciisje

<} MATLAB R2014h

FLOTS

1. =Y L . L HE 17 Mewn Wariable
e e e e A T
[t Open Yariahls =
Mew  Mew Open ._]—_-' Gompare  Import Save .
Seript - - & Data:  Warkspace =) Clear Workapace =
FIlE WIAR AR LE
<« 2 5 b di b PRACE » ZKOLA » ufkel » MATLAB.L ¥ code »

Eommand Window

>> pl = ploc(0:10)

plo=

Color:
Lineftyle:
LineWidth:
Harker:
MarkerSize:
MarkerFaceColor:
Xhata:

Thata:

Zhata:

B>

Line witli properties:

[0 0.4470 0.7410]
)

0.5000

! none!

6.

! none!

[1LZ 3456788 10 11]
[01234567843 10
[1x0 doukle]

Show all properties

| Analyze Code

&r Run and Tims:

= = —]_% @Ii.:—s:w.i.u:rt

iﬁ E {0) Preterencas 'g?_.) 14y Community

'Sl5et Path 51 Recuest Suppart
Simulirk:  Layaut: 5> : Help: — . __:t 32 ‘

|2 Clear Commands w  Lbeary.  » [l Paralel = *  LodddOns v

UL BRI il =
il
Workspace [
Marme Walue Class & Bytes iﬁze
& pl ¥l e miatlaby graphies;chart. primitive. Ling L2 1x1
| |
«} MATLAB RZ013b e e =1
AT 7 - |
|
el e =1 ARE mE 25 Mesw Yarlable o Analyze Code: fur T {0 Preterencas [y Comtmunity
=2 5 T Gromes ¢ 05 =5 ) EE ‘J (et
=l [ Open Yarighle = b3 Run snd Time . [ =5 Set Path ) S Recuest Supnart
Mew  Mew Open i) Compare  Import Eave _ : Simulink Layout Help
Serigt - - - Date:  Workspace =) ClearWorkspace = | Clear Commands = Library - iﬁﬁw&!la\ - *  odddOns o
VF.!LEW WRRIRALE CODE SN ENYAONMENT RESOUREES !
< B '; b di » Dropbox » SCHOOL b MATLAE » -0

.‘_i.— Command Window

Current Folder
i Narng +

|| presenta
] preserts

pl = plot(0:id)

174.0016
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Visualizing

Advanced visualization in Matlab

=
8] =
. £ ALim 0] =
e Property editor (Inspector :
ActvePasitonProperty outerposition -
] AmbientLightColor &| [
‘BeingDeleted I off
\Box ¥ on
I Figures - Figure 1 — 1T BoxStyle back E
Bie Edit View Insert Tools Debug Desktop Window Help pusyAicten i
= \ = o . ButtorDowrF
DEada|s|AXG9 84 witorCownFen 4
—r [ Clim oy
Figore Palette ® |= | Fgurs1l | FPlot Browser T =y =

» New Subplots | g Polsw oo tale); ! CameraPosition [2000 17,321
{ ] axes Er 1 = = CameraPositonMode auto ¥
1. 3D Axes == v \ [¥| CameraTarget T2000 01

08 CameraTargetMode auto ::
:
= | ] CameralipVector 10l
0.6 CameraUpVectorMode auto -
R ——— I Camera¥iewAngle 6.608610360311524 &
0.4 \ CameraViewAngleMode auto -
N\ Line \
/ Clipping  on
Arroy

Ao 0z} Cliopnostyle 3dhox 5
% Double Arrow | & Color E=
RTestawon 0 \ : coronses G = ]

T TextBox \ ColorOrderIndex 24 L4
[IRectangie b2 \ CreateFon r
O Etipse CurrentPoint c

04 \ ) DatafspectRatio [20011]
DataAspectRatioMode auto -
05 ‘DeleteFen 2
FontAngle narmal -
08 Fonthlame Helvetica s
FoniSize 0.0 &
-1 L FontSmaothing ¥ on
0 50 100 150 200 400 FontUnits points =
FontiWeight normal =
Property Editor - Axes G
Tite:. o] s | v s | 7 s | Fone| More Properties...
=] [ xLabei
5 Ticks..,,
x| |
Gidi X Y Iz XLimits: [o 1o [200 ¥ hute ]
Box ¥ Box ¥ Scaler ||inear d ll
2
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Visualizing

Advanced visualization in Matlab

e the way of setting handle object properties
e the possibility of using functionset aget exists for both versions
e not case sensitive

>> myPlotObj = plot(1:10);

>> get(myPlotObj, ‘color’ )

>> set(myPlotObj, ‘color' , T )
>> get(myPlotObj, 'color’ )

e dot notation (only for versions R2014b and higher)
e is CAsSE sEnSiTiVe

>> myPlotObj = plot(1:10);
>> myPlotObj.Color

>> myPlotObj.Color = T
>> myPlotObj.Color
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get and set functions

| T
60s 1

e Create a graphic object in the way shown. Then using funste
andset perform following tasks.

myPlotObj = plot(0:10);

e find out the thickness of the line and increase it by 1.5

e setthe line color to green e e e —,
AL IR N E

e setthe line style to dotted
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Dot notation application

| 000 0 TE—
60s 1

e Using dot notation change the initial setting of the funactghown to
get plot as in the figure.

Fle fdb View Inssrt Toos Dechop Window Help

[E == e N e P = e = e

e — myPlotObj = plot(sin(0:0.2:2*pi));

0.8

06 »

0.4 4

eI
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Visualizing

What is handle good for?

e Wwhen having a handle, one can entirely control given object

e the example below returns all identifiers existing in windiogure

e In this way we can, for instance, change item ‘Open’... to ‘Oitév.
e or anything else (e.g. callback of file opening to callback of window

closing®© )

fhndl = figure( ‘Toolbar' |, 'none' );

allFigHndl = guihandles(fhndl);

set(allFigHndl.figMenuOpen, '‘Label' , 'Otevrit...' )

|Ble Edi iew Insert Tuole Desktop Window Help

[dew bk

|Ella Edit Alaw Insert Tools - Desktop ‘Window Help

Close ChrH-W
g Chl+5
Save 85 Save 8,
Generats Code,., Gererate Code...
Imnpotk Data Impork Diatay,
Save Workspace s, ., Save Workspace A8,
Preferences. ., Prefetences |\
Expot Setip.., ‘Expart Setup,
PrintPriyvisw. Print ;re-view. i
Brirt, ., Clrl+F Bririt. - Chrl4+P
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Visualizing

More graphs in a window — subpl ot

e inserting several different graphs in a single windoyure

e functionsubplot(m,n,p) Broser _ o i
Bile Edit Yew Insert Tools Desktop Window Help -
° m—numberOflineS Nade B AXUBDEL- S |08 =D
e N —number of columns N
- - --\\' -'/-.;
® [P —position Y R . S .3

t} oM o002 003 004 005 008 007 008 002 09

|::|

Wi \M M I

I W I
t =linspace(0, 0.1, 0.1*10e3): \)U UM
fl1 = 10, f2 :400, 0 001 002 003 004 005 006 I:rID? DE}B 008 01

R L

] I'J'O1 D[F?_ EFD3 EH]4 DDE DDE 007 008 002 01

I:.‘-‘

y1l = sin(2*pi*f1*t);
y2 = sin(2*pi*f2*t);
y = sin(2*pi*fl*t) + sin(2*pi*f2*t);

i
2]

figure( ‘color , ‘W' )

subpl ot (3, 1, 1); plot(t, y1);
subpl ot (3, 1, 2); plot(t, y2);
subpl ot (3, 1, 3); plot(t, y);
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Visualizing

Double y axis — pl ot yy

[Brguer P [
Fils  Edit Wiel Insert Tools [Desktop Window  Help a
B N = = =N =
200
/

150 i 0e

100 104

50 ¢ {10.2

f Mo
o . \I VA e
<50 } | 102
\ Y

=100

-150 \

-200 - ; : : ' ! : - - -0.8

0 2 4 ] ] 1m0 12 14 16 18 20
x =0:0.01:20;
yl =200 * exp(-0.05*x) .* sin(x);
y2 =0.8 * exp(-0.5*x) .* sin(10*x);
figure( ‘color , ‘W' );
pl otyy(x, y1, x, y2);
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Logarithmic scale

Visualizing

e functionssemilogy ,semilogx ,loglog
Elle Edic iew Insert Tools Dktu Mindow  Help ﬁl;lgjﬁ"l X :00.110,
NG de|s|"“A0BeL- o088
yl =exp(x);

25210% plotfe™) 105 Spc ) y2 = |Og(X),

2 { 10° /’/'

15 / 102 /_/' figure(  'color’ , W)

1 / o subplot(2, 2, 1); pl ot (x, y1);

. ] tile( ‘plote™)’  );

plot(log, ,(x) semilogx(log, ,(x)) subplot(2, 2, 2), sem | Ogy(X, yl),

2 I ~ titte(  'semilogy(e”x)’ )

’ _////’ 1 e -

4/ o subplot(2, 2, 3); pl ot (x, y2);

1 1 o = 1 1

i 1P titte(  'plot(log_1_0(x)) )

3 2 4 8 8 10 o 10? 10! Subplot(z’ 2’ 4)’ Sem | OgX(X, yz),

titte(  'semilogx(log_1_0(x))' )
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Example

e compare functionplot andplotyy
subplot ) for functions shown below

e inthe object created lplotyy

In onefigure

to blue and black (don’t forget about the axes)

x =0:0.1:10;

yl =200 * exp(-0.05*x) .* sin(x);
y2 =0.8 * exp(x);

600s 1

object (using

change default colors of individual lines

IOl x|
Tools Desktop Window Help N
M= T = _
Do dS[h | R U9E£- |2 088D
200 110% 18000
g . 16000 ||
107 44000 il
100 |
12000 |
{10% |
> 10000 [
{
o {4102 8000 |l.'
|
o | 6000 :I,'
1 /
07 4000 /
-100
10” 2000 /
S8 - o SE—
-200 10°! 2000
o 2 4 6 8 10 8 10
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Example - solution

Eﬂ Figure 1

=B
iy

He ot Yew et Iook Deskop Wndow belp
NDads | bR EL |2[0EaD

200 110% 18000
16000
14000
12000
10000

BOOO

1g°! -2000

AOB17MTB: Part #9
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Visualizing

stairs

BFiguer =lol x|
File Edit View Insert Tools Deskiop Window Help 1-
NEde || KXU9E L E0Ead
.0 dislplay ulsing S'II'AIRSI
X =0:2:50; i
y1 = exp(0.05*x) .* sin(x); i
y2 = exp(0.01*x) .* cos(x); ar
| _
figure( 'Color , 'w' ); 0 H Ll
stairs(x, y1, 'LineWidth' , 2); 2l £
hold on; grid on; 4l
stairs(x, y2, &t |
‘Color' , 1t , .. &l —
'Marker' , X', .. P [ N S (I I
ILIneWIdth' ’ 2)’ ¢} 5 10 15 20 25 30 a5 40 45 50
title(  'display using STAIRS' );
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Visualizing

Plotting 2-D functions

e contour ,quiver , mesh

t = 0:pi/10:pi;

[X, V] = meshgrid(t);

z = sin(x) + cos(y) .* sin(x);
[gx, gy] = gradient(z);

figure( 'Color" ,'w' );

Brore . | - - =2
Spr|0t(1, 2, 1); Hjiuﬁu:flDﬁi;@w:é:ap@m@m g
cont our (X, Y, 2);
hold on;
qui ver(t, t, gx, gy); /m\ \—

AT A

subplot(1, 2, 2); s
nmesh(x, y, z); \ - {"f‘./\, -‘
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Visualizing

Advanced visualizing in Matlab

e functionslice

Fle Edt View Insert Took Desktop Window Help

e functionview Er PR T A ]

[X, ¥, z] = meshgrid(-2:0.2:2,
-2:0.25:2,
-2:0.16:2);

v=x .* exp(-x."2 - yN2 - z./2);
xslice =[-1.2, 0.8, 2];
yslice = 2;

zslice =[-2, 0O];

figure( 'Color , 'w' );

slice(x, y, z, v, xslice, yslice, zslice);
% view(azimuth, elevation)
vi ewm(-60, 40);
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Exercise #1 assignment

600s 1
e try to imitate the figure below where functioys andy2 are defined as:

- iBixd
Fie Edb View Insert Tooks Deskion Window Help

Dd e FRRU9EL S0E D

display using STEM

display using PLOT

10

y1,y2
[=3
L]
—
—a

o | | | dlisplay usingISTAIRS | X — 0250
Al y1l = exp(0.05*x) .* sin(x);
y2 = exp(0.01*x) .* cos(x);

0 5 10 15 20 25 30 35 40 45 50
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Exercise #1 solution
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Pie plot — pi e, pi e3

Visualizing

V1 =[32 24 18]; % sum(V1) =74

V2 =V1/100; % sum(V2) = 0.74

V3 =[V2 1-sum(V2)]; % sum(V3) =1

figure( 'Color , 'w' );

subplot(1, 3, 1); pi e(V1); title( 'sum(V1) = 74 );

subplot(1, 3, 2); pi e(V2); title( 'sum(V2) = 0.74' );

subplot(1, 3, 3); pi e(V3); title( 'sum(V2) = 1' );
B rigue 1 TS S =lol=|
T PRt 17 BT *

sumva) = 74 sum(v2) =074 sum(v2) = 1
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Exercise

600s 1
e opinion polls show parties’ preference projectiaagollows:
e plot the poll result using pie plot including them 'others'
e Ilstparty: 32% - ) o
o 2ndparty: 24% G5usn . -.oowx Bl0E]S ‘
o 3rd party: 18% e B
e 4th party: 7% —— %
e b5th party: 6% —

18%
32%
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scatt

er

E] Figure 1 ]

File Edt View Insert Tooks Deskiop Window Help

Visualizing

-IEIl' Xi

DEdae kA 0UBEL- 80D

40

30 -

20+

x =10 * randn(500, 1);
y =10 * randn(500, 1);
¢ = hypot(x, y);

figure( ‘color , ‘W' );
scatter(x, y, 100./c, c);
box on;

=10+

-20 +

=30

~4{) -30

30

40
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Picture depiction

e functionsimage , imagesc
e functioncolormap

Brguet =loix]

Flle Edt Mew Insert Tools Deskicp Window Help

Visualizing

File Edit View Tnsért Tools Desktop iWindow Help

=1

A= e

9EL-2|0B (8O

D5 da|

ARG EL£-[E0E|8D

100 -

150 1

200 -

250 |

300 -

350 -

400 +

450 +

a 100

300

100

120

140

200

100 150 200

load mandrill
I mage(X)

' colormap(map)

axis equal

250 300
load clown
I magesc(X)

colormap(gray)
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Visualizing

col or map

e determines the scale used in picture color mapping

e itis possible to create / apply an own ogelormapeditor

Colorma p Name

T b
0
o
a
g
@

‘

II

M

spring
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Exercise

600s 1
e create a chessboard as shown in the figure:
e the picture can be drawn using the functioragesc
e considercolormap setting
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Exercise

600s 1
e Modify the axes of the chessboard so that it correspondesbldy :

of -l

File Edit Mew Imsert Tools Deskiop Window Heip

DEderR e elnal=o
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Visualizing

Structure of GUI #1

screen ~ groot

L[]

A

Points Lines Selechon Modification Polygone Transformatons  IFS fractal  Parameter swesp q A A A
S i P enbatons T2 fuem application window ~ figure

=™y | & B
’ ! ([B52,-339] “xmin [ B0 meox [ 60 Cursor x6rd [ 10| I Grid
i wymin 50 ymex [ 80 Setimas| yore [T 10 Set grid

| Name | Tag |Xcoor | ¥ coor Show| ptiR | ptG | ptie | pSize
_|Pontt  FRCI 50 <30 ] 0 medium = |
__;Pmntz FRCZ s0 =30 o o medium = |
|Paint2 FRC3 50 o o

o0

3 msdium = |
|Points  FRCA 50 30

medium % |

| i
Wew point | Deléte uninti | & points " Transformations |

¥ Snap fres I 'sSnaptoGrid | Snap o Points | Tolerance (%] |4 =

| tiame | Tag [ 1S | Po [show] ¢
1 |Polygl FRC ¥ ozl

4 Pointd
i S| i3]

Auto-filin [V Show filing | FRE

: New puryg.] Del: puryg.l Add nm}eJ Retire m:fe! | " Lines (' |

~ Selection————————————— Mudiﬂcaﬁun -
T MessLiring: il:‘.\s:anc,e 'I
nisi !

| Otems seiscted Modify
| Sewet |ltnseiest| coaral ||| Lopmons] | SR [veues =

| I~ ail points List ¥ @iove

IFS-generation -

feration: 1 | 2|3 Genarste] ¥ Rafresh | [ Advancea  [Dark .. =

Hpphy top | L || Poirts. 4 Moges: 100 Dark ...~

i (il ; '

Display, Trans: 5 Polyes: 25 no ... = ||

I Shawy

¥ Foints h 1 | b 1 t
grapnical opjects

¢ !'\7 Linez

_________ Do ~ uiobjects

Mocde: - none - : 1 | FRELoadingCompleted | ¥ Fs T
7 + ' Tf'e!ns.. Tran [ID: 5] has been crestsd t il !

Load FRC | Help J Quick save| Clear:u[J
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Visualizing

Structure of GUI #2

« A TFEMalone

Tools Points Llines Selecton Modification Polygons Transformatons  IFS fractal
E— = - 5 () ™ M| | 2 E—
' \ i i G IR smin [ 60 xmex [ B0 ocursor x3nd [ 10 | W Grig

i ymin [ 60 ymax [ B0 Setimis | ySrid [ 10 Sat nic
. Name Tag | ¥ coor | Y coor ?Shnw: ptR | pbiG: | pt:B phize
== FRCZ g0 -0 @
i YN 3 |V Fre3 50 v
FRC4 50

medium =

medium =

o o
o o
0 1 medium | = |
0 a

medium 7|

“| new point | Detete paint] | & poinis (" Transfo

¥ Snap fres I 'SnaptoGrid | Snap to Points | Tolerancs (%]

| T
([ [ tame | vas [ 15 [ pay [show] £
1 |polygt FRC W ozl

ZPont2 FRCZ2
Point3 FRC3
4'Pointd  FRC4

AR

A e i

[ Auto-dilin ¥ Shaw filing] FRC

N

New puryg.J Del: patyg: I Add nm}zJ Retire rmﬁag |  Lines 1y |

-~ Selectiol — Modification -
MEssLrng: M:ZI
Inwisible: !

items selected Modify
| seisct | Unsetect| ciarai ||| optons | | SR fveiues |

| I~ Al points List v @Move

IFS generation -

feration: 1 ._Gfﬂﬂ_ﬁ:d ¥ Refresh | [ Advsncea |Dark.. = ]|
T2 L Poirts: 4 Modes: 100

Displar: [ M1 Trans: 5 Pobvas 25

~Show

7 ports | SubdSmsee ready'- check | | Saveaxpod |

v - Fractal dimension — — Optimization i — SWWEEp -

uicontrol 7% Polvgon

~ v ATransf
FRELoadinaComiplketed FS

Trans. Trans [D: 5] has been created

i . : LoadFRC | Help | ouieksave| clearan |

uibottongroup

T
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Visualizing

Structure of GUI

e oObjects are sorted in a logical way

groot
GUI
Controls and indicators
figure uicontrol
axes uitable Menus and toolbars Predefined dialog boxes
uipanel uimenu dialog
uibuttongroup uicontextmenu errordlg
actxcontrol uitoolbar helpdig
uitabgroup » uipushtool msgbox
> uitab » uitoggletool
352016 15:56 AOB17MTB: Part #9 »\ /«1 o
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Visualizing

Structure of GUI

e object hierarchy

groot
figure Predefined dialog boxes
axes uiobjects
. line, text, Menus and toolbars
core ObjeCtS surface, patch,
Image,...
plot objects “ ...
: GUI
group objects 4 ... controls and indicators
annotation objects ¢ ...
3.5.2016 15:56 AOB17MTB: Part #9 5)‘5) m J
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Structure of GUI #3

text

togglebutton

edit

Visualizing

pushbutton

checkbox

popupmenu

slider

radiobutton

text |

¥

editovatelne pole (edit)

v

tlacitko (push button)

stkakovaci (Pi{—up) menu j jJ l

acitko (toggle button)

axesl

|

I check (check BV

" knoflik (radiobutton)

seznam (listbox) - |

skupina knofliku
& knoflik

panel

listbox

PN

AOB17MTB: Part #9
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Screen properties, groot

Visualizing

corresponds to computer screen in Matlal3™

ans =

Graphics Root with properties:

IS unique and callable using function

CurrentFigure: [0x0 GraphicsPlaceholder]

ScreenPixelsPerinch: 96
[ get(O) ScreensSize: [1 1 1920 1200]
. MonitorPositions: [2x4 double]
e in workspace — data structure Units: ‘pixels’
P groot Show all properties

. . CallbackObject: [0x0 GraphicsPlaceholder]
e inworkspace — handle object Children: [0x0 GraphicsPlaceholde]
CurrentFigure: [0x0 GraphicsPlaceholder]
FixedWidthFontName: ‘Courier New'
. . HandleVisibility: 'on'
all other objects are children (descendants) woniorposiions: (2x4 doubie]
Parent: [0x0 GraphicsPlaceholder]
PointerLocation: [2401 787]
ScreenDepth: 32
ScreenPixelsPerinch: 96
ScreenSize: [1 1 1920 1200]
ShowHiddenHandles: 'off'
Tag: "
Type: 'root’
Units: 'pixels’
UserData: []
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Visualizing

Graphical window, figure

e oObjectfigure creates standalone graphical window

e anew window is created on calling the function when the window doesn't exist
e all windows are descendants of the objgaiot

e all secondary graphic objects are descendants of the ofigeee and are
drawn in the window Brower 5 =iBix

. . File Edit Vew Insert Tools Deskfop Window Help
e figure has many properties A
e seeget(figure)

e hFig = figure

3.5.2016 15:56 AOB17MTB: Part #9
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Visualizing

Position property

e Matlab combines size of an object and its position in oneimatr
e two ways of entering exist

(A) absolute position in pixels

(B) normalized position related to the size of parent object

=l
Ene -E::I.Itl EJEw ;_nsert Iiauls _Del_xf Qesk:np Window  Help ?l.l 7 x
[Ieft bott om wi dt h ] Uod s b0 |@|0E(8 2 HIOHRO
14 >
0:8-
%% A) oo
uicontrol( ‘Units' ' pi xel s', ... nal
' Style' , 'pushbutton’ - e
'Position’ [ 50 150 75 25]); Ll
%% B) }]< []I‘I l],IE []I3' D,IA Ufﬁ [],IE [],I? []IE D,IQ ;
uicontrol( ‘Units' ‘normal i zed'
‘Style' pushbutton ' -
'Position’  ,[ 0.05 0.12 0.1 0. 05]);
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Visualizing

Figure creation

e used when we want, for instance, to figure in the center of the screen
e window width: 400px, window height: 200px

dispSize = get(0, 'ScreenSize' ),
figSize =[400 200];
figHndl = figure( '‘pos' , ...
e S [ (dispSize(3)-figSize(1))/2
NG S| bR TUDE L3 0 (dispSize(4)-figSize(2))/2
figSize(1) D;
400
< >
X
[760 500]
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Exercise — GUI window creation

| T
400s 1

e In a new script that we will be extending throughout todayguee
create afigure  window that opens in the center of the screen
having width of 400 pixels and height of 250 pixels
e make sure the figure's name is ,Example* and the titbure 1

doesn’t display
e useTag property for naming (e.dtigexample’ )
e change window’s color (up to you) =loix]
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Visualizing

Graph area, axes

e defines area where descendants of olgaets are placed

e all objects related t@xes object generate axes even when not yet
exist (similarly tofigure )

e axes has many properties
o seeget(axes) =i ol

File  Edit View Insert Tools Desktop Window  Help

Ddds | A0 EA- 2|02

or
e properties(axes)

1=

0.9 |

0.8

07+

06+

0.5

D47

0.3

0.2\

01

o

o 1 bz 0.3 0.4 0.5 0.6 0.7 0.8 0.g 1
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Visualizing

Function axis

e axis scalesaxes
e format (2D):[x_min Xx_max y_min y max]
e format (3D):[x_ min X _max y min y max z_min z_max]

=R
Nadelas 9B B0Ead
line([0.1 0.9], [0 1], ‘Linewidth'  , 3) 1
axis([0 1 0 1]) i
s "
A Er NN PR 0s
. line([0.8 0.2], [0.1 0.6], '‘Linewidth'  , 2)
axis([02 0 1)

0 0.1 02 03 04 05 08 07 o8 089 1
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Visualizing

Group uiobjects: uimenu

uiobjects

e itis possible to define keyboard shortcuts (e.g. CTRL+L)|  uimenu
e itis possible to move in the menu using ALT+character | | uicontextmenu

e callback function can be assigned uitoolbar
. uipanel
490 lines of code P
uitabgroup
File | Tools Points Lines Selection  Modification  Polygons  Transformations  IFS fractkal  Parameter sweep  Show  IFSMaker L”table
FTa| |  Check subdomains ||[_F;_'3_||
— " ] + Show culrsor pasition [0.62, 1.76] UIbUttOﬂgI’OUp
Snap mode b Show grid on canvas Snap to: - free -
Canwas limits slots B v Show axis limits
B v Show info-current mode aCtXCO I”Itl’0|
v Show info-lines
Clean info-lines u |CO ntrol
Only square canvas allowed

Disable

5% of canvas size
10% of canwvas size

20%. of canvas size

50%. of canvas size

v grid size

e for more sedelp uimenu
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Visualizing

Group uiobjects: uicontextmenu

uiobjects
e cCreates context menu uimenu
e appears upon mouse right-click uicontextmenu
e menu item selection activates related callback uitoolbar
Jrrsmaker , ipanel
File Tools Paoinks  Lines  Selection  Madification UIp
) ] ™ sl M I uitabgroup
D S| B[RS
......................... uitable
: Add nesw p0i|.1t : s
I : ;z::rt::sfp::ntation ; 08l UIbUttongroup
| T e = 55{5.5{:1 ; actxcontrol
' select?
07t P selects |1 uicontrol
figHndl = figure; i
cMenu = uicontextmenu;
axsHndl =axes( ‘'Parent’  figHndl, 'UlContextMenu'  ,cMenu);
uimenu(cMenu, ‘Label'’ , ‘'selectl’ , 'Callback’ ,@callbackFcnl);
uimenu(cMenu, ‘Label' , ‘'select2’ , 'Callback’ ,@callbackFcn2,
‘Separator' ,'on' );
uimenu(cMenu, ‘Label'’ , ‘'select3' , 'Callback’ ,@callbackFcn3);
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Group uiobjects:

e itis possible to create own menu icons in Matlab

e not complicated but out of scope of this course
e forthose interested see= doc uitoolbar

uitoolbar

File  Edit Miew Insett Tools  Desktop Window  Help

HEdS B RRXTOEL-32|0E =D

icon ‘drawn’ in m-file

File Tools Points Lines Selection Modification  Polygons  Transformations — IFS Fractal P

Visualizing

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

FEEEEEEEEEEEEEEEEE
E

uibuttongroup

actxcontrol
pics =[111111111111111 11111;.
1.6.6.6.6.6.6.6.6.6.6.6.6.6.6.6.6. 6.61;... .
16111111111111111 1.61;.. uicontrol
16100010000011111 1.61;..
16101101101111111 1.61;..
16101101101111111 1.61;..
16100011101111111 1.61;..
16101111101110000 1.61;..
16101111101111100 1.61;..
16101111101111010 1.61;.. .
16121111121110110 161 e way of icon placement
16111111111101111 1.61;..
16111111111011111 1.61;.. .
16111111111111111 1.61;. >> doc UIpUShtOOl
1.6.6.6.6.6.6.6.6.6.6.6.6.6.6.6.6. 6.61;...
11111111111111111 111 .
icon(:,;,1) = .85. * pics; >> dOC UltOggthOOl
icon(:,:,2) = .98. * pics;
icon(:,:,3) = .85. * pics;
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Group uiobjects:

uipanel

e create panel as a parent to other objects

e oObjectsinside are oriented related to the panel
e many features available (see doc uipanel )

|7pane

~—main panel
sub-panel

Visualizing

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

uibuttongroup

actxcontrol

fgHNnd = figure;

hlp = uipanel(
'FontSize'
'white'

h2p = uipanel(
‘Title'
'‘Position'

Title' , 'main panel'
, 12, 'BackgroundColor’

'‘Position’ , [0.25 0.25 0.4 0.25]);
'‘Parent’ , hilp, .
'sub-panel’ , 'FontSize' , 12,

, [0.250.25 0.7 0.7]);

uicontrol

3.5.2016 15:56
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Exercise — panel

| T
400s 1

e create panel and place it to positi@® 180 220 60] px
e call the panel ,Visibility®, setTag to ,panelVisibility*

e find out its color and store it in a variable which we will bédausing
to unify colors of other objects within the panel

i

1~ Visibility
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Group uiobjects: uitab

Visualizing

uiobjects
e creates a tab that will be parent for other object (samg  uimenu
with panel) uicontextmenu
e for more see> doc uitabgroup uitoolbar
i x| uipanel
File Edib Wiew Insért Tools Deshiop Window Help a
NDEdY RO DEL- 2 (0= uitabgroup
babl | kabiz | tab3] kabid |
uitable
uibuttongroup
actxcontrol
uicontrol
tabs _gp = uitabgroup();
tabs 1 = uitab(tabs_gp, ‘Title' , 'tabl' );
tabs 2 = uitab(tabs_gp, ‘Title' , 'tab2' );
tabs 3 = uitab(tabs_gp, ‘Title' , 'tab3" );
tabs 4 = uitab(tabs_gp, ‘Title' , 'tab4' );
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Visualizing

Group uiobjects: uitable

uiobjects
e creates a 2D table uimenu
e can be placed anywhere in thgure  window uicontextmenu
e has a wide range of properties and items (check, popup) uitoolbar
e See>> doc uitable uipanel
uitabgroup
1 |2 a4 ][5 [s |7 |a=a
1 92 99 1 & 15 B7 74 uitab|e
1 2 2 98 &0 7 14 18 73 55
3 4 54l ata] 20 22 54 56
4 | 85 & 19 21 3 80 B2 uibuttongroup
5 1] 93 25 z 9 E1 [5tH]
5] 17 2 YE a3 a0 42 449
7 23 5 &z 83 o 48 30 actxcontrol
g 79 E 13 95 97 29 1|
| R uicontrol
>> figure
>> t = uitable; N 2

>> set(t, ‘Data’ , magic(10));
>> set(t, '‘ColumnWidth' | {35})
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Group uiobjects: uibuttongroup

e Dblock with a group of buttons
e for more see> doc uibuttongroup

2l-lol x|

File Edit Wiew Insert Tools Desktop ‘Window Help

Ded&ES| hfRaMe (€| 08| 8

€ Option 1

£ Option 2

= Option 3

Visualizing

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

uibuttongroup

actxcontrol

uicontrol
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Visualizing

Group uiobjects: actxcontrol

uiobjects
e enables to create Microsoft ActiveX control uimenu
in thefigure  window uicontextmenu
_ . uitoolbar
e seznam podporovanych Microsoft ActiveX control Lipanel
>> [ist = actxcontrollist )
uitabgroup
>> h = actxcontrolselect
uitable
e examples uibuttongroup
e web browser
actxcontrol
>> h = actxcontrol( '‘AcroPDF.PDF.1" , ... uicontrol
e PDF reader
>> h = actxcontrol( ‘Shell.Explorer.2' i
e for more information see
>> docsearch  getting started with COM
3.5.2016 15:56 AOB17MTB: Part #9
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Visualizing

Group uiobjects: uicontrol

— text edit pushbutton checkbox
uiobjects \ .
popupmenu
uimenu togglebutton I _
atlah uméﬁ / radiobutton
. . « v e
uicontextmenu text editovatelne pole (edit) | tiacitko (push button) LB listbox
. | ' knoflik (radiobutton) /
u|t00|bar . stkakuvam (Pop-up) menu j j j | |
i acitko (toggle buttan) seznam (listbox)
uipanel | — ]
. ] c
uitabgroup text |
o skupina knofliku e
uitable edit [ @ knofiik! ¢ knoflik2
uibuttongroup pushbutton
actxcontrol radiobutton
uicontrol checkbox
listbox
slider
popupmenu

togglebutton

3.5.2016 15:56
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Visualizing

Group uiobjects: uicontrol

e uicontrol creates basic functional elements of GUI
e to change style afiicontrol use propertyptyle

>> t = uicontrol;
>> set(t, 'Style’ , ‘'text' );

e {0 get properties afiicontrol use

>> get(t);

e for more see> doc uicontrol

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

uibuttongroup

actxcontrol

uicontrol
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Group uicontrol:

text

o place text at a given SPO rr—

e usually usedto
o

File  Edit Wiew Inset Tools Deskiop Window Help

Visualizing

=1oix]

uicontrol

text

AEE NN R FRRREE

o

as a label for other items
information text for user

>> figure

>> textl = uicontrol(
'Units' , 'Normalized’ ,
'Style' , 'Text' , ...
'‘Position’ , [0.15 0.85 0.3 0.1],
‘Tag' , 'MTB'
'FontSize' , 10, :
‘BackgroundColor’ , [0.8 0.5 0.8],
'HorizontalAlignment' , 'center'
'String’ , 'MATLAB is great' )i

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Exercise — t ext

| T
400s 1

e create four text arrays having following propertiest will be placed to
following positions (normalized values)

e [0.1 0.40.15 0.075] font 9 figureColor
e [0.260.40.1750.075] font 10 textColor
e [0.550.40.15 0.075] font 9 figureColor
e [0.710.40.1750.075] font 10 textColor

e assign labelX-position/Y-position to the arrays with
figureColor, others leave without labels
ol

Visibility

e assign its own handle to each text array

A-positian; Y-position
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Exercise — t ext , solution
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Group uicontrol: edit

e enablesto read an array of characters

the array of characters is of typlar
the string has to be processeatt2num , str2double

Visualizing

)

e CTRL+C,+V+X,+A,+H shortcuts are available to user
e aconsole can be created usedjt in Matlab

Editable text figld

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Group uicontrol: pushbutton

e oOnhe-state button

e callback

function is called on push

e appearance setting is similar to objeett

pushbutton

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Exercise — pushbutt on

400s 1
e create a button with label ,End”
e place it at (normalized) positidd.3 0.1 0.4 0.125]
e fontsize setto 9

~loix
e Dbackground coloff0.1 0.5 0.6] ey -

e text color:[0.8 0.9 0.9]

H-pasition: Y-position:
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Group uicontrol:  radiobutton

e two-state (on/off)

i radiobuttan

e these elements can be grouped
e Dbutton group (objeatibuttongroup )

e callback function can detect switching
from one radiobutton to other

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton

uibuttongraug
" radiobuton 1 @ adiohutton 2
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Group uicontrol: checkbox

e sSimilar toradiobutton

e tick box (with a text attached)
e callback called on state change

[ checkbox

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

function checkboxFcn(hObject) % treated
%% to find out, whether the box is ticked
if hObject.Value % ticked
% ...
else % not ticked
% ...
end

slider

popupmenu

togglebutton
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Exercise — checkbox

400s 1
e create a checkbox placed inside pamahell
e the labelis ,Show position*
e make sure to show hint help on mouse cursor close to the checkbox
e assign its own tag to the checkbox

i
e setthe same background color as that of par
I~ show position
[dlick to show mouse position |
K-position: Y-position:
End
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Exercise

e Save your GUI file for later use (during next leefu

~loix
Visibility ;

™ show position

[click to show mouse position |

H-position: Y-position:
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Visualizing

Group uicontrol: listbox

e list of items, it is possible to choose one or more items
e propertystring contains list of strings (items)

e propertyvalue contains matrix of selected items

e valuesmaxandmin have impact on selection

uicontrol

text

edit

pushbutton

radiobutton

checkbox
listbox
slider
listboxtem?2 popupmenu
togglebutton
hd
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Group uicontrol:  slider

e Inputvalue is a numerical rangmi{n andmax)
e user moves slider by stepsliflerstep )

e requires
e range KN 4
e slider step
e initial value

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

maxVal = 10;

minVal = 2;

slider_step(1) = 0.4/(maxVal-minVal);
slider_step(2) = 1/(maxVal-minVal);

set(sliderHndl, 'SliderStep!' ,
slider_step, '‘Max' , maxVal,
‘Min" , minVal, 'Value' , 6.5);

togglebutton
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Visualizing

Group uicontrol:  popupmenu

uicontrol

e clicking on arrow displays item list and enables to chos text
one item e

e string contains list of strings
e Vvalue containsindex of the selected item

e more info>> doc uicontrol

pushbutton

radiobutton

checkbox

listbox

Ipnpupmenurtem1 j slider
‘pnpupmenuﬂemz popupmenu

togglebutton

function popupFcn(hObj) % treated
val = get(hObj, ‘Value' );
string_list = get(hObj, 'String' );
selected_string = string_list{val};
% ...
3.5.2016 15:56 AOB17MTB: Part #9

64 Department of Electromagnetic Field, CTU FEmiloslav.capek@fel.cvut.cz



Group uicontrol:  togglebutton

e toggle button
e sStays turned on after clicking
e more info>> doc uicontrol

i
a

Fle Edit Yiew Insert Teols Deskiop Window Help

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Discussed functions

get, set get or set object’s property °
subplot placing more graphs in one figure J
plotyy, semilogy, semilogx, loglog, 2D graphs with modified axis/axes °
pie, stairs, contour, quiver 2D graphs J
image, imagesc draw matrix as a picture °
pie3, mesh, slice, scatter 3D graphs J
colormap change colormap of a plot °
view defines view of 3D graph °
axis sets axis range °
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Exercise 1

600s 1
e create function with two inputs and one output

function logicState = createToggles(nRows, nColumns)
% function generating GUI with toggle buttons

e function creates figure with toggle buttons arranged in rixat
nRows x nColumns

e after clicking on toggle buttons and close window functi@turns
matrix of logical values representing state of toggle msgto

>> |ogicState = createToggles(2, 3) =10 x|

logicState = | 1.1 2)|
1 0 1 21)| ’22 23)[
0O 1 O
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Exercise 1 - solution
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Thank you !

)

elmag org

b

ver. 5.6 (03/05/2016

Miloslav Capek, Pavel Valtf

miloslav.capek@fel.cvut.cz

Apart from educational purposes at CTU, this document may be reproduced,

stored or transmitted only with the prior permission of the authors.
Document created as part of AOB17MTB course.

~—




