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Learning how to ...

Visualization in Matlab #2

GUI #1

'l Attention: SINCE MATLAB R2014b CHANGES IN GRAPHICS !!!
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Advanced visualizing in Matlab

Visualizing

e basic possibilities of visualizing mentioned in 6th part of the course

figure and basic plotting (plot, stem, ...)

setting curve options of a graph LineSpec (doc LineSpec)

functions for graph description (title), grid, legend, etc.

e graph options

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

e sclected advanced possibilities of visualizing

insering more graphs in a single f1gure
tens of types of graphs (see Help)
projection of 3D graphs

view, colormap
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Object identifiers (up to R2014b)

Visualizing

cach individual object has its own 1dentifier (‘handle’ in Matlab terms)

these handles are practically a reference to an existing object

e handle i1s always created by Matlab, it 1s up to the user to store it

e complex graphs (contours) may have more identifiers

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

an integer, other objects have handle equal to positive real number (of
class double)

>>/figHandle\= figure;
handles >>@Hand19= axes;

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

30.11.2017 12:38 AOB17MTB: Part #9

4

Department of Electromagnetic Field, CTU FEE , miloslav.capek@fel.cvut.cz




Visualizing

Object identifiers (since R2014b)

e cach graphic object 1s marked as an object in workspace
e an object is defined by its class with its properties and methods

e root can still be accessed using function get () with parameter 0
e rootisnewly groot object
e (more in part GUI #1)

e after object destruction (closing figure)

e the object still exists in workspace (it appears as a reference to deleted
object)
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Visualizing

Advanced visualization in Matlab

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 objects

«) MATLAB R2014b =l =1O] x|
ME LERago® I Search Documentation p
1 Mewe Variahle Analyze Code oE O} Preferences (a0 Communt
= my s Analy: o 2 & ¥
L 5 LY [FindFies &. [1g : \|c) E (2)
i Open Variable t:r‘ Run and Time X [ Set Path 3 Request Support
Mews  Mew  Open | || compare  Import Save Simulink  Layout Help
Script w - Deta Workspace (7 Clear Warkspace ~ (7 Clear Commends  +  Library w il Paralel = - I:|‘_'|:I Add-Ons =
FILE AR IPBLE CODE SIMULINK ENIRONMENT RESOURCES
CEN A | » di b PRACE » 3KOLA » uditel » MATLAB 1 » code » v 0
Command Window Workspace [
s» pl = plot(0:10) Mame |Value |Class L Bytes |S|ze
@ pl ix1 lre matlab.graphics.charkt. primitive.Ling 112 1x1
pl =
Line with properties: v) MATLAB R2013b o 10| x|
HOME i L,FM', Wl g 3 ['é 2 & E ®ISearch Documentation pe E
Color: [0 0.4470 0.7410]
LineStyle: '-' ] [z, Mew Varishle |5 Analyze Code Jul=] 197 Preferences (o [ Community
HeRER e bl U Sirnaries g - (CE 5 L
LineWidth: 0.5000 [ Open Yariable - éy Run and Time o [ Set Path 3 Request Support
Marker: 'none' Mewe  Meww  Open =] Compare Import Save Simulink  Layout Help
Tt Sioms G Script * - Deta  Workspace [/ Clear Workspace v 7 Clear Commands  »  Library > |l Parallel ~ - I:l'_'FIAdd-OnS -
Niserireetn lary | mame | FILE WARIABLE CODE SIWULINE EN'IR OMNMENT RESOURCES
¥Dhata: [1 2 3 4 56 7 8 9 10 11] <= B [ ﬁ » d: » Dropbox » SCHOOL » MATLAE » v 0
eEms (012 s 256 E 9 ﬂ_ Command Wind: Workspace ®
Zhata: [1x0 double] | =
Current Folder !
double &
Show all properties IName : fdouhe °
hitrl
fi »» | | presenta
ﬂ presenta

30.11.2017 12:38 AOB17MTB: Part #9 ‘)\»)
&

6 Department of Electromagnetic Field, CTU FEE , miloslav.capek@fel.cvut.cz Imag.or




Visualizing

Advanced visualization in Matlab

Inspector: matlab.graphics.axis.Axes =] 1Ol x|
B o=
. ALim o1 =
e Property editor (Inspector) :
ActivePositionProperty outerposition -
AmbientLightColor &
BeingDelzted I off
Box [ on
S———— BoxStyle badk d
Fle Edit View Insert Tools Debug Desktop Window Help BusyAction Queue =
& N (=) ButtonDownFcn &
NEde | [h|RA0PeL 2 0B/0E &
- e 7 ‘ CLim o1
i iqure rowses
Figure Palette ® |: | Fa \ Plot B r CLimMode o =)
¥ New Subplots | [¥ Axes (o titie) CameraPosition [2000 17,321]
-
]2 Axes Hr = o 7 CameraPositonMode auto -
1_, 30 Axes H CameraTarget [20000]
0.8 CameraTargetMode auto -
o]
 Variables | [+ CameraUpVector [10]
0.6 CameralUipVectorMode auto -
s | CameraViewAngle 6.608610360311924 @
N 0.4 CameraviewAngleMode auto -
\ Line
Clipping ¥ on
N\ Arrow
0.2 ClippingStyle 3dbox -
\ Double Arrow Color Y=
R rexearow 0 : cobrorcer o BN
T TextBox ColorOrderIndex 2.0 @
[ Rectangle 0.2 CreateFcn &
o Elipse CurrentPoint [2x3 double array]
04 DataAspectRatio [20011]
DataAspectRatioMode auto -
0.6 DeleteFn &
FontAngle normal -
0.8 Fontiame Helvetica &
FontSize 10.0 &
G h FontSmoathing  on
o 50 100 150 200 250 300 350 400 FontUnits points T
Fontweight normal ..
Property Editor - Axes (=)
Title: i’ X Axis | ¥ sis | 2 Axis | Font | Mare Froperties...
x| | *Labek
Ticks...
cors: 0| 2|
Gid: x vy [z X Limits: [0 to [400 v Auto
Box ¥ Box X Scale: IIlnEar =1 =l
4
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Visualizing

Advanced visualization in Matlab

e the way of setting handle object properties
e the possibility of using functions set a get exists for both versions

e not case sensitive

>> myPlotObj = plot(1:10);
>> get (myPlotObj, 'color')

>> set (myPlotObj, 'color', 'r')
>> get (myPlotObj, 'color')

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

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

>> myPlotObj.Color = 'r';
>> myPlotObj.Color
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get and set functions

60s 1

e C(Create a graphic object in the way shown. Then using functions get
and set perform following tasks.

myPlotObj = plot(0:10);

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

e set the line color to green e e T e i 2 -
OSHS [ R|RAODEL-(Z|0E D

e set the line style to dotted o
Z /x"l
4 ,f"ﬁvf
. o
2 ’.o”“'
|
0 “ﬁ
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Dot notation application

60s 1

e Using dot notation change the initial setting of the function shown to
get plot as 1n the figure.

=l —laix
;

File Edit Wew Insert Tools Desktop ‘Window Help

D[R9 EA- |2 |[0E 8O

“ TN myPlotObj = plot(sin(0:0.2:2*p1i));

0.8 o &

0.6 S

0.4 &
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Visualizing

What is handle good for?

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

e the example below returns all identifiers existing in window figure

e in this way we can, for instance, change item ‘Open’... to ‘Otevrit’...

e or anything else (e.g. callback of file opening to callback of window
closing © )

fthndl = figure('Toolbar', 'none');
allFigHndl = guihandles (fhndl) ;
set (allFigHndl. figMenuOpen, 'Label', 'Otevrit...")

=) Figure 1 =)} Figure 1
Eile Edt iiew Insert Tools Desktop 'window Help File Edit Yew Insert Tools Deskhop ‘Window Help
e 4 New 4
Close ChrlHa Close Chel+iy
Save Chrl+5 ;ave Chrl4+S
Save As... ;ave As

Generate Code. ..

Import Data...
Save Workspace As...

Preferences. ..

Export Setup...
Print Preview...
Print... Chrl+P

Generate Code...

Irmport Data, ..
Save Workspace As...

Preferences. ..

Expart Setup...

Prink Presdew, ..

Print. .. Chrl+P
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Visualizing

More graphs in a window — subplot

e inserting several different graphs in a single window figure

e function subplot (m, n, p) =l ~tol

File Edit Wew Insert Tools Deskiop Window Help

EE RN E AR EER

e m — number of lines
1

e n — number of columns D / \
® D —position : /

0 DD‘I DDZ 003 004 005 006 007 008 009 01

t = linspace (0, 0.1, 0.1*10e3);

1 = ]_O; f2 = 400; _10 D.ID‘I D.IDZ D.Iua D.ID4 D.Ius D.Ius u-.lw D.Iu-a u-.lu-g 0.1
yl = sin(2*pi*fl*t); °l

y2 = sin(2¥pi*f2*t); 2y om 0% 0% 004 05 006 047 008 000 o
% = sin(2*pi*fl*t) + sin(2*pi*f2*t);

figure('color', 'w')

subplot (3, 1, 1); plot(t, yl
subplot (3, 1, 2); plot(t, y2
subplot (3, 1, 3); plot(t, y)
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Visualizing

Double y axis — plotyy

EAFigure 1 = =10l
|

File Edit Wiew Insert Tools Desktop ‘Window Help

Odde [t RTS8 EL- 2|02 0B

200

150

100

50

o

_50 L

=100 +

-150 +

0:0.01:20;
500 0yl = 200 * exp(-0.05*x) .* sin(x);
y2 = 0.8 * exp(-0.5*x) .* sin(10*x);

figure('color', 'w');

plotyy(x, vl1, x, y2); % old version
% new version:

yyaxis left; plot(x, vl);

yyaxis right; plot(x, vy2);
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Visualizing

Logarithmic scale

e functions semilogy, semilogx, loglog

of -lox
k]

File Edit Wiew Insert Tools Desktop Window Help X = O : O . l : :I_ O;
NOde | kRO DEL- Q08O
yl = exp(x);
< 10% plot{e™) semilogy(e™)
= o y2 = log(x);
2 104
15 103

figure('color', 'w')
! o subplot (2, 2, 1); plot(x, yl);

oe o title('plot(e”x)"');
: plot(iog, ,(x) i semilogx(log, ; () subplot (2, 2, 2); semilogy(x, yl);
, , title('semilogy(e”x) ")
0 0 subplot (2, 2, 3); plot(x, v2);
| ! title ('plot(log 1 0(x))")
0 2 4 6 8 10 1071 10° 10! SU_bplOt (2 , 2 , 4 ) ; Semllch (X/ y2 ) ’
title('semilogx(log 1 0(x))")
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Example

600s 1

e compare functions plot and plotyy in one figure object (using
subplot) for functions shown below

e in the object created by plotyy change default colors of individual lines
to blue and black (don’t forget about the axes)

x =0:0.1:10;
vyl = 200 * exp(-0.05*x) .* sin(x);
v2 = 0.8 * exp(x);

=10l x|

Tools Desktop  Window Help

TOES 5 RAODE L 2|0 e

200 110% 18000

16000
14000
12000
10000
8000
6000
4000
2000
0
0 2 4 6 8 1

200 10-1 -2000

150

100

-100

-150
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Example - solution

EAFigure 1 10l =|
N

File Edit Wew Insert Tools Desktop Window Help

D d2| RO EL- 2|08 |0DO

200 y10° 18000
16000

150
14000

100
12000
50 10000
0 8000
6000

-50
4000

-100
2000

-150
0
-200 1071 -2000

0 2 4 6 8 10 0 2 4 6 8 10
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Visualizing

stairs
EAFigure 1 =10l =l
File Edit Wiew Insert Tools Desktop ‘Window Help N
Ocde | ARAMBDEL-|E 08| =
10 di§play |:|sing $TAIR§
x = 0:2:50; °l
vyl = exp(0.05*%x) .* sin(x); o
y2 = exp(0.01*x) .* cos(x); M
2t — "
figure('Color', 'w'); 0 H |
stairs(x, yl, 'LineWidth', 2); 2t ]
hold on; grid on; 4|
stairs(x, vy2, ... 6l o
'Color', 'r', ... sl [
'"Marker', 'x', o I N IR (R R N B
T Llnerdth ] 2 ) . 0 5 10 15 20 25 30 35 40 45 50
4 4
title('display using STAIRS');
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Visualizing

Plotting 2-D functions

e contour,quiver, mesh

t = 0:p1i/10:pi;

[x, V] = meshgrid(t);

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

figure('Color','w');

Browes =
subplot (1, 2, 1);  Bidilsininsesisioiec “
contour (x, vy, z);
hold on; 3

quiver (t, t, gx, gy);

subplot (1, 2, 2);
mesh (x, vy, z);
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Advanced visualizing in Matlab

e functionslice

e functionview

Visualizing

Figure 1

File Edit Wiews Insert Tools Deskbop  Window  Help

=10l x|

NoES | b RATDEL- |G |0E D

[x, y, z] = meshgrid(-2:0.2:2,
-2:0.25:2,
-2:0.16:2);
V=X % exp(-x."2 - y."2 - z.72);
xslice = [-1.2, 0.8, 2];
yslice = 2;
zslice = [-2, 0];
figure('Color', 'w');
slice(x, vy, z, v, xslice, yslice, zslice);
% view (azimuth, elevation)

view (-060, 40);
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Exercise #1 assignment

600s 1
e try to imitate the figure below where functions y1 and y2 are defined as:

E}Figure 1 =1a]x]
File Edit “ew Insert Tools Desktop ‘Window Help ~
Ndde | h[RaODEL- (G0 0D
10 __display using STIEM 10 __ display using PII.OT
2
=
10 | | d‘lsplay usmlg STAIRS | | < _ O . 2 . 5 O ;
Al vl = exp(0.05*x) .* sin(x);
y2 = exp(0.01*x) .* cos(x);
3 E— |
_10 ! ! \ \ ! ! ! ! ! ]
0 5 10 15 20 25 30 35 40 45 50
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Exercise #1 solution
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Pie plot — pie, pie3

Visualizing

V1l = [32 24 18];

% sum(Vl) = 74
V2 = V1/100; % sum(V2) 0.74
V3 = [V2 1-sum(V2)]; % sum(V3) = 1
figure('Color', 'w');
subplot(l, 3, 1); pie(V1); title('sum(V1l) 747" ;
subplot (1, 3, 2); pie(V2); title('sum(V2) 0.74");
subplot(l, 3, 3); pie(V3); title('sum(V2) 1');
Figure 1 =10/
R Y PRI i
sum(v1) = 74 sum(v2) = 0.74 sum(v2) = 1
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Exercise

600s 1
e opinion polls show parties’ preference projections as follows:
e plot the poll result using pie plot including the item 'others'
e Istparty: 32% o _ .
o ndparty:24% T 0ai 't Seseon e *
¢ 3rd party: 18% \:Ual:hm pre{erem”% =2::::;
o 4th party: 7% ° e
e 5Sth party: 6% —

18%
32%
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Visualizing

scatter

EdFigure 1 - 0] x|
]

File Edit W“iew Insert Tools Desktop ‘Window Help

= 2| 0E| 8O

B[S R M DR L

40

30

20t

10

Ant

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

e

e

_30 . . . . . . .
-40 -30 -20 -10 0 10 20 30 40 50

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

Picture depiction

Figure 1 ;Iglil
File Edit Wiew Insert Tools Desktop ‘Window Help a
NEde AN DEL-|C|0E oD

e functions image, imagesc

e function colormap

20
—. 40
EJFigure 1 ;lglil
File Edit Wew Insert Tools Deskiop window Help u 60
NS LRAOVDRL- |G |08 | 0O
BO
100
80 120
100+ 140
150 1 160
200 | 180
250 200 -
50 100 150 200 250 300
0 load clown
350 ¢ imagesc (X)
sl colormap (gray)
450 | load mandrill

image (X)
colormap (map)
axis equal

0 100 200 300 A
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Visualizing

colormap

e determines the scale used in picture color mapping

e it 1s possible to create / apply an own one: colormapeditor

Colormap Name Color Scale

o n
o

o

Lines IEIEIEININI NN
colorcupe FITENEE FEE |

priss IEEEEENENNER
f12g IEENERRENEREREEEND

&
=
o
il
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Exercise

600s 1
e create a chessboard as shown 1n the figure:
e the picture can be drawn using the function imagesc
e consider colormap setting
=2

Nods kA UBEL-B(08 80O
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Exercise

600s 1
e Modify the axes of the chessboard so that it corresponded to reality :
ol -loix
File Edit View Insert Tools Desktop Window Help N

j_j\ﬂw:j %KK@?@H&%'@J DE g
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Structure of GUI #1

Visualizing

File Tools

Points

Lines

screen ~ groot

107 x|

Selection Modification Polygons Transformations  IFS fractal Parameter sweep = - = -
_ application window ~ figure

(0] [Z1 [Z1 [est

1 [65.2,-33.9] tumin [80 xmax [ 80 W cursor xGrid [ 10 I Grig
Snap to: - free - tymin [50  ymax [ 60 Setimits | ¥Grid [T 10 Set grid

Mame Tag X coor | Y coor |Show| pt:R | ptG | pt:B pSize
Point1  FRC1 -50 -30
Point2  FRC2 50 -30
Point3 FRC3 50 30
Point4  FRC4 -50 30

4 | i
New point | Delete point {* Points { Transformations

: ¥ Snap free [~ Snapto Grid [ Snapto Points | Tolerance [%] |4 7

1 medium *_|
1 medium *_|
1 medium = |
1 medium T_|

0 0
0 0
0 0
0 0

Mame | Tag | IFS | Poly [Show ¢ ID | Name | Tag

1 |Polygl FRC V¥ o] W 1 Point!  FRC1
2 Point2  FRC2

3 Point3 FRC3
4 Pointd FRC4

T H
™ Auto-filin ¥ Show filing | FRC
+ New pulyg.| Del. polyg. | Add node | Retire nude| " Lines (+ Pul}rguns

Selection hadification
Measuring: |Distance ™

0 itetms selected Invisible Modify

Select | Unselect| Clear all Options Simplity:  [values T
 aiponts ___ Lst |||  @Move

IFS generation
tterstion: 1 | 2 | 3 | Generate| ¥ Refresh [ Advanced [Dark.. ~

Aol to: | C F C L poings: 4 hodes: 100 Dark ..
Displav: [ M I panss 5 polvas: 25 no lin...

Showy

v graphical objects

W Lines

v Polygo o b 0 t
. . . i ~
. ¥ Transi, UIO JeC S
FRCLoadingCompleted v IFs
Trans.: Tran3 [ID: 5] has been created.

Load FRC Help | Quicksave| Clearall|

oF
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Visualizing

Structure of GUI #2

<) TFEMakar

File Tools Points Lines Selection Modification Polygons Transformations [FS fractal Parameter sweep Show  IFSMaker
FTa [Flg |20 Al TRy | FT4 £ ;

* araTaa smin [-50  xmax [ 60 ¥ cusor xGrd [ 10 ¥ Grid
/ Snapto: - free - ymin [T_60 ymax [ 60 Set limits | vGrid [~ 10 Set grid

. . MName Tag | X coor | Y coor |Show| ptR | ptG | ptB pSize
U|menu Pointl  |FRC1 -50

Poin FRCZ 50
. . R 5 FRC3 50

't Pointd FRC4 -50
uitable
4 | i
New point | Delete point ¢ Points { Transformations

¥ Snapfree | SnaptoGrid [ Snapto Points | Tolerance [%] |4

1 medium 7|
1 medium |
1 medium 7|
1 medium |

0 0
0 0
0 0
0 0

Mame | Tag | IFS | Poly |Show [ ID | Name | Tag

1 |Polygl FRC F o= F 1 Point!  FRC1
2 Fointz FRCZ

..3....§Pmms FRC3

4 | "4Poin4 FRCA
A 00000 | [

[ Autofilin ¥ Show filing | FRC

New pulyg.| Del. polyg. | Add node | Retire nude| {" Lines {* Polygons

Selectio Modlification
Measuring: |Distance ™
’muzal!cted Invisible Modify
Select | Unselect| Clear all Options SmeITy: — |Values ]'
™ Al points List ¥ @Move

IFS generstion

teration: 1 | 2 1 3 | Generate| ¥ Refresh [ Advanced |Dark.. ™
e C | boits: 4 hodes: 100 .
Displav: [ M T nans: 5 powves: 25 no lin...
' Shawy

: ; ¥ Points Subdomaine™ - ready - Check | Save & Export |

v
uicontrol  Polygen

- - N gransi.
Mocke: - none - ’ FRCLoadingCompleted Fs

Trans.: Trans [ID: 5] has heen created.

Fractal dimension Ciptimization Swveep

Load FRC | Help Quick save Clear all
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Visualizing

Structure of GUI

e objects 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 helpdlg
uitabgroup » uipushtool msgbox
> uitab » uitoggletool
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Visualizing

Structure of GUI

e object hierarchy

groot
figure Predefined dialog boxes
axes uiobjects
line, text, Menus and toolbars
core Obj ects surface, patch,
Image,...
plot objects ...
: GUI
group objects ... controls and indicators
annotation objects ¢ ...

30.11.2017 12:38 ‘ AOB17MTB: Part #9
32

Department of Electromagnetic Field, CTU FEE , miloslav.capek@fel.cvut.cz



Visualizing

Structure of GUI #3

text edit pushbutton checkbox

togglebutton

popupmenu slider
\ radiobutton

listbox

AN\

rMatlab uiobjexts ¥ # {
| ) . " check (check Box
text | editovatelne pole (edit) tlacitko (push button) ( /

l  knoflik (radiobutton)

|

stkakovaci (Pop-up) menu j jJ

seznam (listbox)

acitko (toggle button) I I

axes]

panel

skupina knofliku
& knoflik
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Screen properties, groot

e corresponds to computer screen in Matlab

e is unique and callable using function
get (0)

e all other objects are children (descendants)

e in workspace — data structure
groot
e 1in workspace — handle object

Visualizing

>> groot

ans =

Graphics Root with properties:

CurrentFigure:
ScreenPixelsPerInch:
ScreenSize:
MonitorPositions:
Units:

Show all properties

CallbackObject:
Children:
CurrentFigure:
FixedWidthFontName:
HandleVisibility:
MonitorPositions:
Parent:
PointerLocation:
ScreenDepth:
ScreenPixelsPerInch:
ScreenSize:
ShowHiddenHandles:
Tag:

Type:

Units:

UserData:

[0x0 GraphicsPlaceholder]
96

[1 1 1920 1200]

[2x4 double]

'pixels'

[0x0 GraphicsPlaceholder]
[0x0 GraphicsPlaceholder]
[0x0 GraphicsPlaceholder]
'Courier New'

'01"1'

[2x4 double]

[0x0 GraphicsPlaceholder]
[2401 787]

32

96

[1 1 1920 1200]

'off!

T

'root'

'pixels'

[]
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Visualizing

Graphical window, figure

e object figure 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 object groot

e all secondary graphic objects are descendants of the object figure and are

drawn in the window of -IBixi
, . File Edit WView I[nsert Tools Desktop Window Help m
e figure has many properties AEEFEIN RN AEREL

e seeget (figure)

e hFig = figure
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Position property

Visualizing

e Matlab combines size of an object and its position in one matrix

e two ways of entering exist
(A) absolute position in pixels

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

.} Figures

- Figure 1

File Edit View Insert Tools Debug Desktop Window Help

= [m]

A x

[left bottom width ]

DS de|k|]

D9 EL-2|0E| 0 BDESO

o\°

% A)

uicontrol ('Units', 'pixels'

'Style', "pushbutton'
'"Position', [50 150 75 25]);

it

0.9F

08

0.7F

06F

05F

04}

03F

0.2f

>

%% B) }]< 0.I1 0.2 03 04 0.4& 0.6 0.7 0.8 08
control ('Units', 'normalized’,
'Style', "pushbutton ', ...
'"Position', [0.05 0.12 0.1 0.057]);
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Visualizing

Figure creation

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

dispSize = get (0, 'ScreenSize');
figSize = [400 2007];
figHndl = figure('pos',

J Figure 1 - _o

File Edit “iew Insert Tools Deskbop ﬂin Help [(dlSpSlZ@ (3> —figSize <1> ) /2
Do de | kRO DEL-|2|0 (dispSize (4)-figSize (2))/2
figSize (1) ;
400
- :
%
[760 500]

30.11.2017 12:38
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Exercise — GUIl window creation

\ —
400s 1

e in a new script that we will be extending throughout todays lecture
create a figure 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 i1s ,,Example” and the title figure 1

doesn’t display
e use Tag property for naming (e.g. ' figExample")
e change window’s color (up to you) —
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Visualizing

Graph area, axes

e defines area where descendants of object axes are placed

e all objects related to axes object generate axes even when not yet
exist (similarly to figure)

e axes has many properties
® sceget (axes) ©l -loix

File Edit Wiew Insert Tools Deskiop ‘Window Help

DEde M RAMBDEHL- 2|08 =

or

e properties(axes) D;'
0.8
0.7
0.6 |
0.5
0.4
0.3}

0.2}

D1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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Visualizing

Function axis

e axis scales axes
e format(2D): [x min x max y min y max]

e format(3D): [x min x max y min y max z min z max]

(O ol _lox
File Edit View Insert Tools Desktop Window Help ¥
EE DR AR EID
line([0.1 0.9], [0 1], 'LineWidth', 3) :
axis ([0 1 0 1]) -
07
@rors of -lolx
e Edit Wiew Insert Tools Desktop ‘Window Help _I _IEI_J 06
mE B R R EE 05
1 0.4
0.9 0
0.8 02
0.7 o
0.6 00 02 04 06 08 1 12 14 16 18 2
0.5
0.4
0.3 . 0 0
. line([0.8 0.2], [0.1 O0.6], 'LineWidth', 2)
& axis ([0 2 0 117)
E'D 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
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Visualizing

Group uiobjects: uimenu

e it 1s possible to define keyboard shortcuts (e.g. CTRL+L)
e it is possible to move in the menu using ALT+character
e callback function can be assigned

490 lines of code

File | Tools Poinks  Lines  Selection  Modification  Polegons  Transformations  IFS fractal  Parameter sweep  Show  IFSMaker

Pl | Check subdomains | T [Fid (3] (8] (R ™ | G | (] (20 (2] (20 [ow)
3w Show cursar position [0.62, 1.76]

Snap mode »  Show grid on canvas Snap o - free -

Canvas limits slots » v Show ais limiks
v Show info-current mode

v Show info-lines

Clean info-lines

Zinly square canvas allowed

Disable

5% of canvas size
10% of canvas size

20% of canvas size

50% of canvas size

v qgrid size

e for more see help uimenu

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

uibuttongroup

actxcontrol

uicontrol
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Visualizing

Group uiobjects: uicontextmenu

uiobjects
® creates context menu uimenu
e appears upon mouse right-click uicontextmenu
e menu item selection activates related callback uitoolbar
[ArrsMaker . ipanel
File Tools PFoinks Lines Selection  Modification b p
= = | ™ File Edit ‘Wiew Insert Tu:fu:uls .Desktnp Wi uitab .
DEdS[E[RITS =
E----------------------E UItable
Add new point H
H ) : 1r
— H Clear one poink .
et bransformation E 0ot u1butt0ngr0up
i CER RN R RN RN RN RN RN NN NN DB i ; SE:ECE; E actxcontrol
07t D selecta uicontrol
figHndl = figure; o6 L
cMenu = ulcontextmenu;
axsHndl = axes('Parent',6 f£figHndl, 'UIContextMenu', cMenu) ;
uimenu (cMenu, 'Label', 'selectl', 'Callback',@callbackFcnl);
uimenu (cMenu, 'Label', 'select2?2', 'Callback',@callbackFcn2, ...
'Separator’', 'on');
uimenu (cMenu, 'Label', 'select3', 'Callback',@callbackFcn3);
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Visualizing

Group uiobjects: uitoolbar

uiobjects
e it 1s possible to create own menu icons in Matlab uimenu
e not complicated but out of scope of this course uicontextmenu
e for those interested see >> doc uitoolbar uitoolbar
FFiguer uipanel
File  Edit ‘iew Insert Tools Deskiop  window  Help
D8HdS | B|ARAXMBDLEL- S| 0E | a0 uitabgroup
[ArFsMaker uitable
File Tools Points Lines Selection Modification  Polygons  Transformations  IFS fractal P .
) . FTr | P e FTy P [ [ Ty TR > 4] 2] 2] o uibuttongrou
icon ‘drawn® in m-file IEIIE||| group
actxcontrol
piecs =901 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1;.
1.6 .6.6.6.6.6.6.6.6.6.6.6.6.6.6.6.6.61;. .
1.6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .61;. l,llCOl’ltI’Ol
1.6 1 00 0 1 00 00 0 1 1 1 1 1 1 .61;.
1.6 101 1 0 1 1 0 1 1 1 1 1 1 1 1 .61;.
1.6 1 01 1 0 1 1 0 1 1 1 1 1 1 1 1 .61;.
1.6 1 00 0 1 1 1 0 1 1 1 1 1 1 1 1 .61;.
1.6 1 0 1 1 1 1 1 0 1 1 1 0 0 0 0 1.61;.
1.6 1 0 1 1 1 1 1 0 1 1 1 1 1 0 0 1 .61;.
1.6 1 0 1 1 1 1 1 0 1 1 1 1 0 1 0 1 .61;.. .
1.6 11 1 1 1 1 1 1 1 1 1 0 1 1 0 1.61;.. [ ) Way Of 1CONn placement
1.6 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 .61;..
S T R A S ST T S v e >> doc uipushtool
1.6 .6.6.6.6.6.6.6.6.6.6.6.6.6.6.6.6.61;..
111 1111 1 1 1 1 1 1 1 1 1 1 1 111; ,
icon(:,:,1) = .85. * pics; e >> doc uitoggletool
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 objects inside are oriented related to the panel
e many features available (see >> doc uipanel)

panel

main panel ‘
( —sub-panel—

Visualizing

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

uibuttongroup

actxcontrol

fgHnd = figure;
hlp = uipanel ('Title', 'main panel',
'"FontSize', 12, 'BackgroundColor', .
'white', 'Position', [0.25 0.25 0.4 0.25]);
h2p = uipanel ('Parent', hlp,
'Title', 'sub-panel', 'FontSize',6 12,
'"Position', [0.25 0.25 0.7 0.71);

uicontrol

30.11.2017 12:38 AOB17MTB: Part #9
44 Department of Electromagnetic Field, CTU FEE , miloslav.capek@fel.cvut.cz




Exercise — panel

\ e
400s 1

e create panel and place it to position [90 180 220 60] px
e call the panel ,,Visibility*, set Tag to ,,panelVisibility*

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

~ioix

Visibility
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Visualizing

Group uiobjects: uitab

uiobjects
e creates a tab that will be parent for other object (same as uimenu
with panel) uicontextmenu
e for more see >> doc uilitabgroup uitoolbar
B Figure 1 (O] x| uipanel
File Edit “iew Insert Tools Desktop ‘Window Help a
Do dS | F|RRARDBDEL-E|0EB a8l uitabgroup
tabl | tabz | tab3 | tabd |
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 the figure window uicontextmenu
e has a wide range of properties and items (check, popup) uitoolbar
® sece>> doc ultable uipanel
uitabgroup

1t |2 |3 | 4|5 6|7 |s
92 99 1 & 15 67 74 uitable
93 &0 7 14 16 73 55
4 & 88 20 22 54 5 :
8 & 19 A 3 B0 B2 u1buttongr0up
86 93 25 2 9 &1 E&
17 24 76 83 90 42 49
3 5 82 89 9 48 30 actxcontrol
79 6 13 95 97 29 @
10 12 94 95 7E 35 a7
11 18 100 77 B4 36 43

L= S R = Uy I R TV S

uicontrol

—
=

>> figure
>> t = uitable; N N
>> set (t, 'Data', magic(10));
>> set(t, 'ColumnWidth', {35})
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Group uiobjects: uibuttongroup

Visualizing

uiobjects
e block with a group of buttons uimenu
e for more see >> doc uibuttongroup uicontextmenu
uitoolbar
uipanel
210l x|
File Edit Wiew Insert Tools Desktop Window Help .
Deda hRaO® (080 uitabgroup
_ uitable
" Option 1
uibuttongroup
¢ option2 actxcontrol
uicontrol
" Option 3
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Group uiobjects: actxcontrol

enables to create Microsoft ActiveX control
in the £igure window

e seznam podporovanych Microsoft ActiveX control

>> list = actxcontrollist
>> h = actxcontrolselect

e cxamples

e web browser

>> h = actxcontrol ('AcroPDF.PDF.1"', ...

e PDF reader

>> h = actxcontrol ('Shell.Explorer.2', ...

e for more information see

>> docsearch getting started with COM

Visualizing

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

uibuttongroup

actxcontrol

uicontrol
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Visualizing

Group uiobjects: uicontrol

— text edit pushbutton checkbox
uiobjects \ e
popupmenu
uimenu togglebutton _
e “@Y P radiobutton
i ' « -7 I ch KKh kB
ulcontextmenu texd ’ editovatelne pole (edit) tlacitko (push button) eheck(chee V |iStbOX
' : ‘ € knoflik (radicbutton) /
u1t001bar stkakovam (Pop-up) menu j j j | |
acitko (toggle button) seznam (listbox)
uipanel -
' I =l
uitabgroup et | . |
skupina knofliku aLs
uitable edit | [ & knofikd © knofik2
uibuttongroup pushbutton
actxcontrol radiobutton
uicontrol checkbox
listbox
slider
popupmenu
togglebutton
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Group uiobjects: uicontrol

e uicontrol creates basic functional elements of GUI

e to change style of uicontrol use property style

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

e to get properties of uicontrol use

>> get (t)

e for more see >> doc uicontrol

Visualizing

uiobjects

uimenu

uicontextmenu

uitoolbar

uipanel

uitabgroup

uitable

uibuttongroup

actxcontrol

uicontrol

30.11.2017 12:38 AOB17MTB: Part #9
51 Department of Electromagnetic Field, CTU FEE , miloslav.capek@fel.cvut.cz




Visualizing

Group uicontrol: text

uicontrol
o place text at a given spot _ioix e
) usuallyusedto iméu_-\;\Ml:\.:{wé@,éw@m@m@ edit
e as a label for other items o pushbutton
e information text for user radiobutton
checkbox
listbox
>> figure slider
>> textl = uicontrol (... popupmenu
'Units', 'Normalized',
'Style', 'Text', ... togglebutton

'Position', [0.15 0.85 0.3 0.17,
'Tag', 'MTB',

'FontSize', 10,
'BackgroundColor', [0.8 0.5 0.817,
'HorizontalAlignment', 'center',

'String', 'MATLAB is great');
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Exercise — text

e create four text arrays having following properties that will be placed to

following positions (normalized values)

o [0 0.4 0.15 0.075]
e [0.206 0.4 0.175 0.075]
e [0.55 0.4 0.15 0.075]
e [0.71 0.4 0.175 0.075]

font
font
font
font

9
10
9
10

400 s

figureColor
textColor
figureColor
textColor

e assign labels X-position/Y-position to the arrays with

figureColor, othersleave without labels

e assign its own handle to each text array

Visibility

X-position: Y-position:

=101]

]
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Exercise — text, solution
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Group uicontrol: edit

Visualizing

e cnables to read an array of characters

the array of characters is of type char
the string has to be processed (str2num, str2double,...)

e CTRL+C,+V,+X,+A,+H shortcuts are available to user
e a console can be created using edit in Matlab

Editable text field

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Group uicontrol: pushbutton

e one-state button
e callback function is called on push

e appearance setting is similar to object text

pushbutton

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Exercise — pushbutton

400s 1
e create a button with label ,,End*
e place it at (normalized) position [0.3 0.1 0.4 0.125]
e font size set to 9 —

e background color: [0.1 0.5 0.6] —
e textcolor: [0.8 0.9 0.9]

X-position: Y-position:

End
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Visualizing

Group uicontrol: radiobutton

uicontrol
e two-state (on/off) text
" radiobutton edit
pushbutton
e these elements can be grouped radiobutton
e button group (object uibuttongroup) checkbox
listbox
e callback function can detect switching slider
from one radiobutton to other popupmenu
togglebutton

uibuttongrougp
" radiobutton 1 & padiobutton 2
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Group uicontrol: checkbox

e similarto radiobutton

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

[T checkbox

function checkboxFcn (hObject) % treated
%% to find out, whether the box is ticked
if hObject.Value $ ticked

o

else % not ticked

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Exercise — checkbox

400s 1
e create a checkbox placed inside panel panell
e the label 1s ,,Show position*
e make sure to show hint help on mouse cursor close to the checkbox
e assign its own tag to the checkbox
E Example =101 x|

e set the same background color as that of panel —

[~ show position

[click to show mouse position |

J-position: Y-position:
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Exercise

e Save your GUI file for later use (during next lecture)

A Example -10] x|
Visibility

[~ show position

[dlick to show mouse position |

K-position: Y-position:
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Group uicontrol: 1istbox

e list of items, it 1s possible to choose one or more items

e property string contains list of strings (items)

e property value contains matrix of selected items

e values max and min have impact on selection

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

togglebutton
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Group uicontrol: slider

e input value is a numerical range (min and max)

e user moves slider by steps (s1liderstep)

® requires
e range KN
e slider step
e initial value

Visualizing

uicontrol

text

edit

pushbutton

radiobutton

checkbox

listbox

slider

popupmenu

maxVal = 10;
minVal = 2;
slider step (1)
slider step(2)
set (sliderHndl,

slider step,
'Min', minVal, 'Value', 6.5);

= 0.4/ (maxVal-minVal) ;

1/ (maxVal-minVal) ;

'SliderStep’,

'Max', maxVal,

togglebutton
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Visualizing

Group uicontrol: popupmenu

uicontrol
e clicking on arrow displays item list and enables to choose text
one item edit
e string contains list of strings pushbutton
e value contains index of the selected item radiobutton
e more info >> doc uicontrol el
listbox
lpopupmenuitemt = slider
M popupmenu
togglebutton

o

function popupFcn (hObj) % treated
val = get (hObj, 'Value');

string list = get (hObj, 'String');
selected string = string list{val};
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Visualizing

Group uicontrol: togglebutton

uicontrol

text

e toggle button
e stays turned on after clicking

e more info >> doc uicontrol

edit

pushbutton

radiobutton

checkbox

I il

File Edit VYiew Insert Tools Deskiop Window Help

listbox

slider

popupmenu

togglebutton

30.11.2017 12:38 AOB17MTB: Part #9 )‘» A9
(ielmagorg / ﬁf

65 Department of Electromagnetic Field, CTU FEE , miloslav.capek@fel.cvut.cz



Discussed functions

get, set

subplot

plotyy, semilogy, semilogx, loglog,
pie, stairs, contour, quiver

image, imagesc

pie3, mesh, slice, scatter
colormap

view

axis

get or set object’s property

placing more graphs in one figure
2D graphs with modified axis/axes
2D graphs

draw matrix as a picture

3D graphs

change colormap of a plot

defines view of 3D graph

sets axis range
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Exercise #1

600 s

create function with two inputs and one output

function logicState = createToggles (nRows, nColumns)

o

% function generating GUI with toggle buttons

function creates figure with toggle buttons arranged in matrix
nRows Xx nColumns

after clicking on toggle buttons and close window function returns
matrix of logical values representing state of toggle buttons

>> logicState = createToggles (2, 3) =100 x|

logicState = | 102
1 0 1 (2 1)| ’ 2,7 (2,3
0 1 0

]
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Exercise #1 - solution

30.11.2017 12:38 AOB17MTB: Part #9
68 Department of Electromagnetic Field, CTU FEE , miloslav.capek@fel.cvut.cz




Thank you!
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