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IGR and IGD

Eric Lecolinet

Professor
DIVA HCI Group - LTCI Lab.
INFRES Department - Télécom Paris - Institut Polytechnique de Paris (IP Paris)
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Publications - Master Interaction, Graphics & Design (IGD) of Institut Polytechnique de Paris
Videos
Software o Presentation and Application
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HDR « Fillere 3D et Systemes Interactis (IGR)
+ UEIGR201 : D d i ives 2D, 3D, Mobile et Web
DIVAHC! Group + UE IGR203 : Interaction Homme-Machine
Fagb Labp « UE INF224 : Paradigmes de Programmation
+ UEINF720 : Langage C et Programmation
« Course material : Interaction Homme-Machine - Toolkit Qt - Programmation, C++, Swing - Langage C
LTCI Lab.
Télécom Paris
Infs Department Research
RECENT ACTIVITIES
AEHM . :eaddof tthef:::;u Group (Design, - i F & pilat
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ACM SIGaH! e ommer member of o CPPMS. (i steerng commiies)
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+ Responsible of the Digiscope EquipeX for Télécom-Paristech
Contact and scientific responsible of the Télécom FabLab
first.last@telecom-paris.fr « Reviewer for CHI, TOCHI, UIST, Interact, PMC, IHCI, IHM, ErgolHM...
PUBLICATIONS & VIDEOS
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paris.fr/~elc « Videos - Talk at FITG'12
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19 place Marguerite Perey + Zhuoming Zhang (PhD, co-sup. with F. Detienne)
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Android
Qt GUI toolkit
Web interface (basics)
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Filiere IGR

3D et Systémes Interactifs

IGR -igr201 -igr202 -igr203 - inf224 - elc

Responsables : Tamy Boubekeur et Eric Lecolinet - Télécom ParisTech, Université Paris-Saclay
URL : http://www.telecom-paristech.fr/~elc/igr/

Descriptif

Cette filiére vise & donner aux e\eves une formation compléte dans les ines de I'interaction h hine et de I'i i ique 3D. Elle prépare les futurs
ala de avancés en leur donnant les bases et é i é ires a la éli numérique de ces

systémes.

Parmi les débouchés naturels de cette filiére, on peut citer : la conception assistée par ordinateur (CAO), les jeux vidéo, les effets spéciaux, les applications mobiles, la
simulation, le design d'interaction, la réalité virtuelle et la visualisation.

Cette filiére prépare en outre aux métiers scientifiques liés a la recherche en IHM ou en i 3D e la ibilité de suivre ensuite un Master 2
spécialisé dans I'un de ces deux domaines (Master Interaction/HCI ou MVA de I'Université Paris-! Saclay ou IMA de I UPMC)

Voir aussi les de pré de la filiére

Seconde année

- Période 1: UE IGR201 : Dé d'applications i ives 2D, 3D, Mobile et Web
- Période 2 : UE IGR202 : Informatique Graphique 3D et Réalité Virtuelle

+ Période 3 : UE IGR203 : Interaction Homme-Machine

+ Période 4 : UE IGR204 : Visualisation (en anglais) et UE IGR205 : Séminaire de projet

Voir aussi la page Synapses de la Filiére IGR et de ses UEs.

IGD - Interaction, Graphics & Design Track ',‘\

Master of Computer Science - IP Paris
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Index +All Courses ion + Design + Mixed Reality + Graphics + Multi ics + + Projects + Schedule

Presentation
The IGD Master track is part of the Computer Science Master of Institut Polytechnique de Paris (IP Paris)

Please see the IGD IP Paris page for a p ion and for on.

Welcome Session
The Welcome Session will take place on Monday September 7, 14:00-16:00 at Télécom Paris (room 0A214).

Courses & Schedules

* Full list of courses

« Overall schedule

« The list of choosen courses must first be validated by the student's tutor (see Policies & Procedures below).

« Course registration should be done in the institute offering the desired course (e.g. Télécom Paris for TP-xxx courses).

Institutional partners
The IGD Master offers a comprehensive range of courses which are held by the following institutes:
« TP =Télécom Paris
« X = Ecole Polytechnique
* TSP = Télécom SudParis
« ENSTA = Ecole Nationale Supérieure des Techniques Avancées
« HCI = Master HCI - Université Paris-Saclay

Al these institutes are located on Plateau de Saclay. Maps: |P Paris - Paris-Saclay

Policies & Procedures



Cross-platform GUI Toolkits

- Java AWT / Java Swing / JavaFX

- Qt

- GTK, GTK#

- wxWidgets

- FLTK ("light" toolkit)

- Unity (Games)

- Chromium Embedded Framework (Web to app)

- etc. (https://en.wikipedia.org/wiki/List of platform-independent GUI_libraries)



https://en.wikipedia.org/wiki/List_of_platform-independent_GUI_libraries

Qt ("cute”

Powerful cross-platform GUI toolkit

Supported on various platforms
 Desktop / mobile / embedded platforms

C++, bindings in Python and other languages

Rich environment with many tools

The Productivity Platform
for the Future

Next generation user experience with limitless scalability. Qt is designed for

o4 producing cutting-edge software experiences in record-breaking times. oot 2

mmmmmmm

A

NAVIGATE

wwwww

THE FUTURE IS WRITTEN WITH Qt

One framework. One

EMBEDDED DESKTOP MOBILE

Linux

EMBEDDED

SR UWP  LGwebOS




Developers Blog @ Language Price. Buy. Download. Try.

m Design Develop Test Deploy Productv UseCasesv Resourcesv Q O

Resources Home Search Resources Q
Qt Learning Hb Built with Qt — The brightest

Customer Cases minds. The biggest industries

Industries
Learn from the successes of our customers and how they used Qt for greatness. Be

Platforms it desktop, mobile, or embedded, from automation to Ul design — there's something

for everyone to enjoy!
Software Development

i Filt
Events & Webinars =l Resource Type v

Licences

On-Demand Automotive Automation Medical Consumer Electronics Embedded MCUs Cle

- LGPL (free): -
- open-source code

Desktop and Mobile loT

o 4 >

- Com mercial Iicences Built With Qt - The Most Dubler — Vochlea's Real-Time Digital Cockpit On Multiple
Powerful Framework \oice-To-Midi Controller Built Screens And Operating Systems

With Qt

for companies Resdore > Read More > Watch ideo >

Get Insider Insights
from Gartner
Research Reports

Want to convince
your enterprise to
use Qt?

Built With Qt: Omnidome {On-
Demand Webinar}

Look inside

— Watch Video >

Top 10 Reasons

Many open-source
and commercial products

—~ o~
Virtual Reality Cockpit Built With Lufthansa Technik Takes Qt Into Clarius - Ultra-Portable

u Se Qt Qt Design Studio And Autodesk The Skies - Built With Qt And Ultrasound Scanners Built With
VRED KDAB Qt

Watch Video » Watch Video > Read More >




Tools
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Qt WebEngine WidgetsThe Qt WebEngine Widgets module provides a web browser engine as well as C++ classe

. with web content.

Ll b S » Qt WebKit Widgets The Qt WebKit Widgets module provides a web browser engine as well as C++ classes to ren
content.

Qt3DCore Qt3D Core module contains functionality to support near-realtime simulation systems

Qt3DInput Qt3D Input module provides classes for handling user input in applications using Qt3D

« Qt3DRenderer Qt3D Renderer module contains functionality to support 2D and 3D rendering using Qt3D

QtBluetooth Enables basic Bluetooth operations like scanning for devices and connecting them

QtConcurrent Qt Concurrent module contains functionality to support concurrent execution of program code

« QtCore Provides core non-GUI functionality

QtDBus Qt D-Bus module is a Unix-only library that you can use to perform Inter-Process Communication using

QtDesigner Provides classes to create your own custom widget plugins for Qt Designer and classes to access Qt

o QtGui Qt GUI module provides the basic enablers for graphical applications written with Qt

QtHelp Provides classes for integrating online documentation in applications

QtLocation Provides C++ interfaces to retrieve location and navigational information

QtMultimedia Qt Multimedia module provides audio, video, radio and camera functionality

QtNetwork Provides classes to make network programming easier and portable

QtNfc An API for accessing NFC Forum Tags

QtOpenGL Qt OpenGL module offers classes that make it easy to use OpenGL in Qt applications

QtPositioning Positioning module provides positioning information via QML and C++ interfaces

o QtPrintSupport Qt PrintSupport module provides classes to make printing easier and portable

QtQmI C++ API provided by the Qt QML module

QtQuick Qt Quick module provides classes for embedding Qt Quick in Qt/C++ applications

» QtQuickWidgets C++ API provided by the Qt Quick Widgets module

QtScript Qt Script module provides classes for making Qt applications scriptable

QtScriptTools Provides additional components for applications that use Qt Script

QtSensors Provides classes for reading sensor data

QtSerialPort List of C++ classes that enable access to a serial port

QtSql Provides a driver layer, SQL API layer, and a user interface layer for SQL databases

QtSvg Qt SVG module provides functionality for handling SVG images

QtTest Provides classes for unit testing Qt applications and libraries

« QtUiTools Provides classes to handle forms created with Qt Designer

QtWebChannel List of C++ classes that provide the Qt WebChannel functionality

QtWebSockets List of C++ classes that enable WebSocket-based communication

o QtWidgets Qt Widgets module extends Qt GUI with C++ widget functionality

QtXml Qt XML module provides C++ implementations of the SAX and DOM standards for XML

QtXmlPatterns Qt XML Patterns module provides support for XPath, XQuery, XSLT and XML Schema validat

Eric Lecolinet - Telecom ParisTech - Qt et graphique interactif 8
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http://doc.qt.io/qt-5/qtwebenginewidgets-index.html
http://doc.qt.io/qt-5/qtwebkitwidgets-index.html
http://doc.qt.io/qt-5/qt3dcore-module.html
http://doc.qt.io/qt-5/qt3dinput-module.html
http://doc.qt.io/qt-5/qt3drenderer-module.html
http://doc.qt.io/qt-5/qtbluetooth-module.html
http://doc.qt.io/qt-5/qtconcurrent-module.html
http://doc.qt.io/qt-5/qtcore-module.html
http://doc.qt.io/qt-5/qtdbus-module.html
http://doc.qt.io/qt-5/qtdesigner-module.html
http://doc.qt.io/qt-5/qtgui-module.html
http://doc.qt.io/qt-5/qthelp-module.html
http://doc.qt.io/qt-5/qtlocation-module.html
http://doc.qt.io/qt-5/qtmultimedia-module.html
http://doc.qt.io/qt-5/qtnetwork-module.html
http://doc.qt.io/qt-5/qtnfc-module.html
http://doc.qt.io/qt-5/qtopengl-module.html
http://doc.qt.io/qt-5/qtpositioning-module.html
http://doc.qt.io/qt-5/qtprintsupport-module.html
http://doc.qt.io/qt-5/qtqml-module.html
http://doc.qt.io/qt-5/qtquick-module.html
http://doc.qt.io/qt-5/qtquickwidgets-module.html
http://doc.qt.io/qt-5/qtscript-module.html
http://doc.qt.io/qt-5/qtscripttools-module.html
http://doc.qt.io/qt-5/qtsensors-module.html
http://doc.qt.io/qt-5/qtserialport-module.html
http://doc.qt.io/qt-5/qtsql-module.html
http://doc.qt.io/qt-5/qtsvg-module.html
http://doc.qt.io/qt-5/qttest-module.html
http://doc.qt.io/qt-5/qtuitools-module.html
http://doc.qt.io/qt-5/qtwebchannel-module.html
http://doc.qt.io/qt-5/qtwebsockets-module.html
http://doc.qt.io/qt-5/qtwidgets-module.html
http://doc.qt.io/qt-5/qtxml-module.html
http://doc.qt.io/qt-5/qtxmlpatterns-module.html

LINkS & Install

Labs: http://www.telecom-paristech.fr/~elc/qt

Qt Web site: http://www.qgt.io/

Documentation: http://doc.qt.io/qt-6/

Installation (Open Source Version):

+ In https://www.gt.io/download-open-source Download the Qt Online Instafler

» click on "Download the Qt Online Installer"
» download Installer for your OS

« Open Qt MaintenanceTool app

acces aux téléchargements Qt,aux services exclusifs,

aux rapports de bogues,
a la revue de code aux forums et au wiki.

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif



http://www.telecom-paristech.fr/~elc/qt
http://www.qt.io/
http://doc.qt.io/qt-6/
https://www.qt.io/download-open-source

Install (Maintenance ool

[ BN J Installation de Qt

Dossier d'installation

Connexion Spécifiez le répertoire dans lequel Qt va étre installé.

- your OS additional libraries

Welcome
Contribuer au développement d...
Installation personnalisée

Packages que I'utilisateur peut sélectionner. Des restrictions de plateforme héte et de licence ¢ Additional Libraries
Qt 3D
Qt Charts
Qt Connectivity
Qt Data Visualization
Qt HTTP Server (TP)
Qt Image Formats
Qt Insight Tracker (TP)
Qt Language Server
Qt Location (TP)
Qt Lottie Animation
Qt Multimedia
Qt Network Authorization
Qt PDF
Qt Positioning
Qt Protobuf and Qt GRPC (TP)
Qt Quick Effect Maker
Qt Remote Objects
Qt Sensors
Qt Serial Bus
Qt Serial Port
Qt Speech
Qt State Machines
Qt Virtual Keyboard
Qt WebChannel
Qt WebEngine
Qt WebSockets
Qt WebView
Quick: 3D Physics

Sélectionner des composants

Contrat de licence [ Dpesign Tools
2 " . Qt Design Studio
Prét pour l'installation
Installation D Qt 6.5 pour le développement d environnement de bureau
" Bibliothéques Qt pour clang
Terminé

D Qt 6.5 pour développement mobile

Sélectionner v‘ ‘ Rechgrche

Qt Design Studio
Qt
Qt6.5.3
WebAssemb'y (multi-threaded)
WebAsser 'y (single-threaded)
macOS
Android
Sources
i0S
Qt Quick 3D
Qt 5 Compatibility Moduls
Qt Shader Tools
Additional Libraries
Qt Debug Information Files
Qt Quick Timeline
Qt6.4.3
Qt 6.3.2
Qt6.2.4
Qt 5.15.2
Developer and Designer Tools
Qt Creator 11.0.3
[0 Qt Creator 11.0.3 Debug Symbols
[0 Qt Creator 11.0.3 Plugin Development
[ QtInstaller Framework 4.6
CMake 3.24.2
Ninja 1.10.2
Qt Maintenance Tool

Bibliothéques Qt pour Android et iOS - des restrictions de plateforme s'appliquent

O
O
O
O
O
O
O
O
O
O

Sélectionner v Recherche

Qt Design Studio
Qt
Qt 6.5.3
Qt6.4.3
Qt 6.3.2
Qt6.24
Qt 5.15.2
Developer and Designer Tools

000000800000 0000000080O80O0000
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Main widgets

QObiject: root class

QWidget: base class of all graphical objects

QObject

/N

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

QThread QWidget
T
QAbstractButton QFrame QProgressBar
T
QCheckBox QPushButton QRadioButton QAbstractScrollArea QLabel
/ \
QGraphicsView QTextEdit

11



INnteractors

QLabel
QPushButton
QSlider
QLineEdit
QTextEdit

etc.

Eric Lecolinet - Télécom ParisTech -

Label
PushButton

RadioButton

~ CheckBox

o CommandLinkButton

A
v

0 '  01/01/2000

<>

Qt et graphique interactif
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Containers

» » n

. . ] § I ——— <1

A QWidget can contain other widgets QToolbox | o=
I ‘ PushButton ’ I

There as also special purpose containers ; )
| O RadioButton: - - | -

L SR

................. [] heckBox- - - - - [ -
. - . D N S
- || - [casesensitive - - - - - - | containers |-
e | o TGS o See oot s | input widgets | -
— — . SRS R | R —):

[Tt Aighment————— QStackedWidget

" O Right aligned -7 QG roupBOX

O Centered

QTabWidget E;:::::::::::::::::::

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif 13



Main window and dialog boxes

README - SDI

Eile Edit Help

DB XD B

o <> B

<>
[

0D $Bv 9 BibNew

(] Q Rechercher

All the standard features of application main windows are provided by Qt.

Main windows can have pull down menus, tool bars, and dock windows. These
separate forms of user input are unified in an integrated action system that
also supports keyboard shortcuts and accelerator keys in menu items.

The example launcher provided with Qt can be used to explore each of the
examples in this directory.

Documentation for these examples can be found via the Tutorial and Examples
link in the main Qt documentation.

QMainWidget

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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3,: Dropbox

2010-UIST- 2018_Book_Immer a35-xie.pdf appert-mt-

[ Desktop uimarks.pdf siveAnalytics.pdf gesture...avi14.pdf

Docs

B3 web

E Papers E

quit

&5 cours caroll - paradox- CHI18- D-SWIME.pdf © DCT_Paivio.pdf

of-the-a...user.pdf Morphe...-Kim.pdf

E Ens

73; Applications ,:;; s f':;

Pictures - e ‘

H Movies

n Music Delamareetal AVI2 Dynamic_Compos Dynamic_Compos EmergeablesArtic
016.pdf ite_Data...right.pdf ite_Data...tion.pdf le.pdf

Périphériques
Nouveau dossier - Annuler

QFileDialog

The document has been modified.
Do you want to quit?

T

QMessageBox 14




C++ vs Java

usually: header + implementation files

Car.h Truck.h
class Car { class Truck {
}; };
-
- V4 _——‘ /
f” - ———I l,
myprog.cpp .~ ==~
e s Car.cpp ,I Truck.cpp
include "Car.h" Binclude "Car.h" rinclude "Truck.h"
include "Truck.h"
void Car::start() { void Truck::start(){
int main() {
+ Is

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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C++ vs Java

};

class Circle {
private:

int x{}, y{}; Gonrrrennnssnnnessnnessnnnssnnns
unsigned int radius = 0;

public:

Circle(int x, int y, unsigned int radius); <«

void setRadius(unsigned int);

unsigned int getRadius() const;

unsigned int getArea() const; ey

//M

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

header file circle.h

instance variables

constructor(s)

instance methods

{} initializes variables
(unitialized by default)

16



C++ vs Java

#include "Circle.h" ¢

Circle::Circle(int _x, int _y, uhkigneq int _r) {
x:_x;v.... '~...
Y=_Y; '
radius = _r;

}

void Circle::setRadius(unsigned int r) { .
radius =r;

}

unsigned int Circle::getRadius() const {
return radius;

}

unsigned int Circle::getArea() const {
return 3.1416 * radius * radius;

}

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

implementation file circle.cpp

inserts the content of Circle.h

.. specifies the class

17



C++ vs Java

MyClass.java

class MyClass {
public void whatever(int i) {

Zombat z = new Zombat(i);
z.foo();

don't forget the *

-> instead of . for accessing members

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

MyClass.h

class MyClass {
public:
void whatever(int i);

};

MyClass.cpp

void MyClass::whatever(int i) {
Zombat * z = new Zombat();

z->foo(); \
N

18



C++ vs Java

MyClass2.cpp

void MyClass::whatever(int i) {
Zombat z = new Zombat();

z.foo();

Correct?

MyClass3.cpp

void MyClass::whatever(int i) {
Zombat z = Zombat();

z.foo();

Correct?

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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Note: C++ vs Java

MyClass2.cpp

void MyClass::whatever(int i) {
Zombat z = new Zombat();

z.foo();

h

WRONG!
MyClass.cpp

MyClass3.cpp

void MyClass::whatever(int i) {
void MyClass::whatever(int i) { Zombat * z = new Zombat();

Zombat z; // = Zombat(); useless 2->f00(); V\

z.foo();
e }\

OK
OK but z created in the stack!

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif



Hello Word!

#include <QApplication> // headers
#include <QLabel> ® O

int main(int argc, char **argv) { Hello Qt!
QApplication * app = new QApplication(argc, argv);
QLabel * hello = new QLabel("Hello Qt!");

hello->show();
return app->exec(‘);\ shows the widget
hello becomes the top-level widget

because it has no parent

starts the event loop

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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Event loop

Event

Event loop

User

The event loop

- Takes control : exec() blocks the program

* Indefinitely:
« waits for the next event
* processes the event

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

Calls callback
methods (slots)

Updates widgets

while (true) {
event = getNextEvent()
processEvent(event);

basic event loop

22



Instance graph

A QWidget can contain QWidgets that contain QWidgets...

= instance graph (more precisely it's a tree) Ao,
/ -';81
parenthood means: A -
A/
. agm ‘£ .“ 4 '~r: . o
+ superimposition: AL

children on top of parents

E—

» clipping:
children parts outside parent area not visible

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif 23



Instance graph

#include <QApplication>

#include <QPushButton>

#!nclude <QWidget> o0 e box
#include <QFont>

int main(int argc, char **argv) { Quit
auto * app = new QApplication(argc, argv);

auto * box = new QWidget( ); T quitBtn
box->resize(200, 120);

auto * btn = new QPushButton("Quit", box);  // box is the parent of btn
btn->resize(100, 50);

btn->move(50, 35);

btn->setFont(QFont("Times", 18, QFont::Bold));

box->show(); The parent is given as an argument of the constructor
return app->exec();
} Except for top-level widgets (no parent)

Note the auto keyword

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif 24



Signals and slots

#include <QApplication>
#include <QPushButton>
#include <QWidget>
#include <QFont>

int main( int argc, char **argv ) {
auto * app = new QApplication(argc, argv);

auto * box = new QWidget();
box->resize(200, 120);

auto * btn = new QPushButton("Quit", box);
// etc....

QObject::connect( btn, SIGNAL(clicked()), app, SLOT(quit()) );

box->show();
return app->exec();

connects a signal to a slot

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

Quit
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Signals and slots

A signal is emitted by an object
— e.g. when clicking a QPushButton

A slot is a method
— that can be connected to a signal

When a signal is emitted the slots are executed
— A signal can be connected to several slots

— Several signals can be connected to a slot

Key aspect of Qt

- differs from callback functions or Java listeners

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

4 Obiect] "\ connect( Object1, signal1, Object2, slot1)
J connect( Object1, signal1, Object2, slot2)
signali
signal2 / Object2 p
signal1
———p» slotl
—)p slof2
[ Object3 )
signalt - connect( Object1, signal2, Object4, slot1)
( Objectd )
slot1
——p slof
> slot2
slot3
connect( Object3, signal1, Object4, slot3) \_J
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Signals and slots

#include <QApplication>
#include <QPushButton>
#include <QWidget>
#include <QFont>
int main(int argc, char **argv) {
auto * app = new QApplication(argce, argv);

auto * box = new QWidget();
box->resize(200, 120);

auto * btn = new QPushButton("Quit", box);
// etc....

QObject::connect( btn, SIGNAL(clicked()), app, SLOT(quit()) );

box->show();
return app->exec();

standard signal
of QPushButton

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

Quit

slot (method)

of QApplication
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Declaring a slot

In the header file (.h)

« MyClass must derive from QObject,
QWidget or an inherited class

- keywords Q_OBJECT and slots
* needed by the moc pre-compiler

- slots must be implemented
« usually, in the .cpp file

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

class MyClass : public QWidget {
Q_OBJECT

public:
MyClass();

public slots:
void mySlot( int value );

1
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Arguments

Signals and slots can have arguments

- which must correspond (same order, same types)

connect( btn, SIGNAL(clicked( )), app, SLOT(quit()) );

- stateChanged() conveys an int that is received by mySlot():

connect( checkBox, SIGNAL(stateChanged(int)), myobj, SLOT(mySlot(inf)) );

N

- Aslot can have less arguments than a signal:

connect( checkBox, SIGNAL(stateChanged(int)), app, SLOT(quit()) );
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New syntax

Traditional Qt syntax

connect( bin, SIGNAL(clicked( )), app, SLOT(quit()) );

New syntax

connect(btn, & QPushButton::clicked, app, & QApplication::quit);

Relies on standard C++ method pointers

Errors checked at compilation time

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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Lambdas

void MyClass::foo() {
intval =10;

QObject::connect( btn, & QPushButton::clicked, [=] { this->setBalance(val); });
}

[=] { this=>setBalance(val); } is a lambda

The lambda captures (/s and local variables

[=] copies variables

Notes: [&] pass variables by reference

allows changing their value, '\WATCH: crashes if they don't exist anymore )

other options are available

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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Misc.

Disconnects the slot

disconnect(from, SIGNAL(balanceChanged(int)), to, SLOT(setBalance(int)) );

Propagates the signal

connect(from, SIGNAL(balanceChanged(int)), to, SIGNAL(changed(int)) );

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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Compilation

Meta Object Compiler (MOC)

class MyClass : public QWidget {

- Signals and slots require precompilation by the MOC Q_OBJECT
public:

- The MOC generates additional source code MyClass();
public slots:

- Do not forget Q_OBJECT (the MOC relies on it) void mySlof(int value );

|3

gqmake command

- in the directory containing the source files:

gmake -project /l creates xxx.pro
qmake /l creates the Makefile (or equivalent)
* make // creates .moc and binary files
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Main Window
(QMainWindow)

README - SDI

Predefined areas for: = Em
- a menu bar Dﬁ X@E
All the standard features of application main windows are provided by Qt. A
- atool bar

Main windows can have pull down menus, tool bars, and dock windows. These
separate forms of user input are unified in an integrated action system that
- a status bar also supports keyboard shortcuts and accelerator keys in menu items.

The example launcher provided with Qt can be used to explore each of the
examples in this directory.

- a central area (working area)

Documentation for these examples can be found via the Tutorial and Examples
link in the main Qt documentation.

Principle ﬂ

- Create a subclass a QOMainWindow

- Which constructor creates the widgets
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README - SDI

Eile  Edit Help

Main Window OB X0 E

All the standard features of application main windows are provided by Qt. [

Main windows can have pull down menus, tool bars, and dock windows. These
separate forms of user input are unified in an integrated action system that
also supports keyboard shortcuts and accelerator keys in menu items,

In the constructor Of the class I::r:;;:r:?rl'et:‘?::icr:(:o[::)videdwith Qt can be used to explore each of the
deriving from QMainWindow

Documentation for these examples can be found via the Tutorial and Examples
link in the main Qt documentation.

d

QMenuBar * mbar = this->menuBar( ); // adds and returns a menu bar
QMenu * fmenu = mbar->addMenu( tr("&File") ); // adds a pulldown menu

// new.png is in a resource file
QAction * action = new QAction( Qlcon(":/new.png"), tr("&New..."), this);

fmenu->addAction(action); // adds the action to the menu
connect(action, SIGNAL(triggered()), this, SLOT(open())); // slot connection

action->setShortcut( tr("Ctrl+N") );  // hot key
action->setToolTip( tr("New file"));  // tool tip
action->setStatusTip( tr("New file") ); // info on status bar
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README - SDI

Main Window DPE X0 B

All the standard features of application main windows are provided by Qt.

Main windows can have pull down menus, tool bars, and dock windows. These
separate forms of user input are unified in an integrated action system that
also supports keyboard shortcuts and accelerator keys in menu items,

Actions
The example launcher provided with Qt can be used to explore each of the
— can both be added to menus and toolbars examples inhis direcory

Documentation for these examples can be found via the Tutorial and Examples

link in the main Qt documentation.
QToolBar * toolbar = this->addToolBar( tr("File") ); E

toolbar->addAction(action);

Central area

QTextEdit * text = new QTextEdit(this);
this->setCentralWidget(text);

Internationalization

— tr() translates the text
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lalog boxes

Hl M <

Favoris
E Recents

m elc

32 Dropbox
) Desktop
3 pocs
B web
B3 Papers
B quit

B3 cours
B3 Ens

;/'-\ Applications
Pictures
H Movies

ﬂ Music

Périphériques

Nouveau dossier

= mm Ev [ BibNew 2 i) & || Q Rechercher
2010-UIST- a35-xie.pdf appert-mt-

uimarks.pdf gesture...avi14.pdf
caroll - paradox- CHI18- D-SWIME.pdf © DCT_Paivio.pdf
of-the-a...user.pdf Morphe...-Kim.pdf

Y 25
Delamareetal AVI2 Dynamic_Compos Dynamic_Compos EmergeablesArtic
016.pdf ite_Data...right.pdf ite_Data...tion.pdf le.pdf

Aer

QFileDialog
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The document has been modified.
Do you want to quit?

QMessageBox
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| 1
Favoris
E Recents §
ﬁ}elc i
.o a
33 Dropbox .
2010-UIST- 2018_Book_lmmer a35-xie.| pdf appert-mt-
[ Desktop uimarks.pdf siveAnalytics.pdf gesture...avi14.pdf

guit

B Cours caroll - paradox- CHI18-
-a...us!

B3 Ens

- = - - —

A Applications =< E S S =

o

-SWIME.pdf DCT_Paivio.pdf

e
Pictures

B Movies

n Music Delamareetal AVI2 Dynamic_Compos Dynamic_Compos EmergeablesArtic

016.pdf ite_Data...right.pdf ite_Data...tion.pdf le.pdf
Périphériques

Nouveau dossier 7 7 Annule} m
QString filename =

QFileDialog::getOpenFileName(this,
tr("Open Image"), // title
"/home/jana", // directory
tr("Image Files (*.png *.jpg *.bmp)") // filter
);

A dialog box blocks the interaction => forces the user to answer !
- Advantage: easy to program!

- Drawback: not always convenient for the user
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File dialog

Retrieving several files

QFileDialog * dialog = new QFileDialog(parent);
dialog->setFilter("Text files (*.txt)");
QStringList fileNames;

if (dialog->exec() == QDialog::Accepted) {
fileNames = dialog->selectedFiles();

QString name1 = fileNames]0];

B §< 23
Favoris

B r

1} el

2010-UIST-
uimarks.pdf

Delamareetal AVI2
016.pdf

CHI18-
Morphe...-Kim.pdf

E,, =

Dynamic_Compos
ite_Data...right.pdf

o

-SWIME.pdf

Dynamic_Compos
ite_Data...tion.pdf

EmergeablesArtic

Annuler

dialog.exec() and getOpenFileName() starts a secondary event loop
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INnternationalized text

Problem
- S0 many languages, so many symbols!
- solution: UNICODE

QString: Unicode strings
- made of QChars (16 bits each)

- one symbol = one QChar (or two QChar for rare languages, Emojis, etc.)

QString conversions:

gPrintable(string) : converts to the local encoding
toAscii() : ASCII 8 bits

toUtf8() : UTF-8 Unicode multibyte (1 char =1 a 4 octets)
toLocal8Bit( ) : local encoding 8 bits

etc.
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INnternationalized text

QFile file(filename);

if (file.open(QlODevice::ReadOnly | QIODevice::Text)) {....}
if (file.open(QIODevice::WriteOnly)) { ...}

QFile:
for opening a file

QFile file("output.txt");

if (file.open(QIODevice::WriteOnly)) {
QTextStream out (&file);
out << "Result: " << 10 << " " << 3.14;  // writes on out

QTextStream:
for reading or writing text

- To read a word :

stream >> arg1 >> arg2; // stops reading before a space
* Toread a line :

stream.readLine(size); // returns the line, no size limit if size =0
 To read the whole text file :

stream.readAll( ); // only for small files!
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Debugging

qDebug: for displaying debug messages

#include <QDebug>
int val;
QString str;

qDebug() << "value: " << str<<" /" << val,

// or, using standard C++ 10
std::cout << "value: " << qPrintable(str) << " /" << val << std::endl;

? don't forget endl !
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lcons & resource files

QAction * action = new QAction( Qlcon(":/images/new.png"), tr("&New..."), this);

E} hello.pro

hello.pro.user
v | images

* new.png
'* open.png
# quit.png
= save.png

¢+ main.cpp
res.qrc

- means that the path is relative to the application

here new.png is in sub-directory images

[ NON )  res.grc - hello - Qt Creator
res.qrc

Accueil v & hello v e/
. i = hello.pro [J images/new.png
Ca utlon! el v res.qrc & images/open.png
® new.png © images/quit.png
Deb = open.png [&) images/save.png
H L 2 quit.png
The Prefix must be empty or / S cvopry
R ¢+ main.cpp
hello
Ajouter Supprimer Remove Missing Files
Propriétés
Alias :
Préfixe : /
. . L. . . . Langue :
Eric Lecolinet - Télécom ParisTech - Qt et graphique intera

-

[Hl . Type to locate (38K) .. 3 Sort.. 4 Sort.. 5 Deb.. *

a




Ressource flles

[ NON ) ~ res.grc - hello - Qt Creator

i - *| 7% ® B[ res.qrc s x| % B+
-q rc flle A_cc.ue" ) Q/D images/new.png
7 e R
- created by hand or by QtCreator 2 cpenong | imagesfsavesng
Projets ® save.png
- images are compiled and
inCIUded in the exeCUtable I;I > Ajouter a Supprimer Remove Missing Files
- (depends on config) >
Préfixe : /
Langue :
L. Type to locate ($8K) 1P.@ 2 Sea.. 3 Sort.. 4 Sort.. 5 Deb.. =

application.pro

application.qrc

main.cpp i i . n n
| | application.exe <!DOCTYPE RCC><RCC version="1.0">
I mainwindow.cpp | . <gresource>
| mainwindow.h | "'+ I | <file>images/copy.png</file>
[ magescomreng | | fimagesicutpng | <file>images/cut.png</file>
: <file>images/new.png</file>
| images/cut.png | | images/save.png | <file>images/open.png</file>
: <file>images/paste.png</file>
| imagesisavepng | <file>images/save.png</file>
</gresource>
</RCC>
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Ressource files & localization

— tr() translates the text

— QLinguist tool
QMenuBar * mbar = this->menuBar( ); // adds and returns a menu bar
QMenu * fmenu = mbar->addMenu( tr("&File") ); // adds a pulldown menu

// new.png is in a resource file
QAction * action = new QAction( Qlcon(":/new.png"), tr("&New..."), this);

action->setShortcut( tr("Ctrl+N") );  // hot key

action->setToolTip( tr("New file")); // tool tip
action->setStatusTip( tr("New file") ); // info on status bar
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More on signals / slots
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Custom signals / slots

In the header file (.h)

« QObject or QWidget subclass

« Q_OBJECT, slots, signals keywords

* slots must be implemented

* signals are not implemented
(done by the moc)

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

class BankAccount : public QObject {
Q_OBJECT
private:
int balance = 0;
public:
BankAccount() { balance = 0; }
int getBalance() const { return balance; }

public slots:
void setBalance( int newBalance );

signals:
void balanceChanged( int newBalance );

|3
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Implementing a slot

In the implementation file (.cpp)

void BankAccount::setBalance(int newBalance)
{

if (balance != newBalance) {
balance = newBalance;

emit balanceChanged(balance);

class BankAccount : public QObject {

Q_OBJECT
private:
int balance = 0;
public:
BankAccount() { balance = 0; }

int getBalance() const { return balance; }
public slots:

void setBalance( int newBalance );
signals:

void balanceChanged( int newBalance );

|3

emit
- emits the balanceChanged() signal

- the signal "holds" a value (the balance)
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One way connection

class BankAccount : public QObject {

Q_OBJECT
private:
int balance = 0;
public:
BankAccount() { balance = 0; }

int getBalance() const { return balance; }
public slots:

void setBalance( int newBalance );
signals:

void balanceChanged( int newBalance );

|3

auto * x = new BankAccount();
auto * y = new BankAccount();

x->setBalance(10);

connect(x, SIGNAL(balanceChanged(int)), y, SLOT(setBalance(int)));

void BankAccount::setBalance(int newBalance)

if (balance != newBalance) {
balance = newBalance;
emit balanceChanged(balance);

}
}

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif
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class BankAccount : public QObject {
Q_OBJECT

One way connection |==.._,

int getBalance() const { return balance; }
public slots:

void setBalance( int newBalance );
signals:

void balanceChanged( int newBalance );

|3

auto * x = new BankAccount();
auto * y = new BankAccount();

connect(x, SIGNAL(balanceChanged(int)), y, SLOT(setBalance(int)));

x->setBalance(10);

void BankAccount::setBalance(int newBalance) X->balance is set to 10

if (balance != newBalance) {
balance = newBalance;

=» balanceChanged(x->balance) is

emit balanceChanged (balance); = y->setBalance(x->balance) is called

}

=» y->balance is setto 10

}
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Two-way connection

connect(x, SIGNAL(balanceChanged(int)), y, SLOT(setBalance(int)));
connect(y, SIGNAL(balanceChanged(int)), x, SLOT(setBalance(int)));

x->setBalance(10);

OK?
void BankAccount::setBalance(int newBalance)

{

if (balance != newBalance) {
balance = newBalance;
emit balanceChanged(balance);
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Two-way connection

connect(x, SIGNAL(balanceChanged(int)), y, SLOT(setBalance(int)));
connect(y, SIGNAL(balanceChanged(int)), x, SLOT(setBalance(int)));

x->setBalance(10);

void BankAccount::setBalance(int newBalance) o
{ . OK : because emit is not called

balance = newBalance;

emit balanceChanged(balance); infinite loop otherwise!
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Shared slots

How can we know the sender
when several objects call the same slot?

- signal / slot model
=> the slot does not know the emitter

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

Action 1
Slot
Action 2
Black Red Green Blue

example: call same setColor() slot
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Solution 1: Lambdas

// instance variables of MyClass

QAction * action1{}, * action2{};

———% Slot

Action 1
void MyClass::createGUI() {
action1 = new QAction(tr("Action 1"), this);
connect( action1, &QAction::triggered, [=] { dolt(action1); } );
action2 = new QAction(tr("Action 2"), this); Action2
connect( action2, &QAction::triggered, [=] { dolt(action2);} );
}
void MyClass::dolt(QAction * sender) {
if (sender == action1) ....; < actioni and action?
else if (sender == action?2) .... ; < — are instance variables
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Solution 2: QActionGroup

// instance variable of MyClass Action 1

QAction * action1{}, * action2{};

,  Slot dolt()

void MyClass::createGUI() {

auto * group = new QActionGroup(this); Action 2

// only one connect !

connect(group, SIGNAL(triggered(QAction *)), \ /

this, SLOT(dolt(QAction *))); ActionGroup

action1 = group->addAction(tr("Action 1"));

action2 = group->addAction(tr("Action 2")); Exclusive selection by default
} can be changed, see: setbExclusive()

void MyClass::dolt(QAction * sender) {
if (sender == action1) ....;

QButtonGroup works the same with buttons

_ _ with signals:
else if (sender == action?) ... ; buttonClicked(QAbstractButton *)

} buttonClicked(int id)

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif 55



Solution 3: QObject::sender()

// instance variables of MyClass
QAction * action1{}, * action2{};

Action
void MyClass::createGUI() {

action1 = new QAction(tr("Action 1"), this);
connect( action1, SIGNAL(triggered()), this, SLOT(dolt() );

—t Slot

action2 = new QAction(tr("Action 2"), this);
connect( action2, SIGNAL(triggered()), this, SLOT(dolt() ); Action

}

void MyClass::dolt() {
auto * sender = QObject::sender(); // similar to getSource() in Java/Swing
if (sender == action1) ....;
else if (sender == action?2) ....;
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Also: QSignalMapper

QSignalMapper Redirects signals for: int, QString&, QWidget* et QObject*

void MyClass::createGUI( ) {

QSignalMapper* mapper = new QSignalMapper (this) ;
connect(mapper, SIGNAL(mapped(int)), this, SLOT(dolt(int))) ;

QPushButton * btn1 = new QPushButton("Action 1"), this);
connect (btn1, SIGNAL(clicked()), mapper, SLOT(map())) ;
mapper->setMapping (btn1, 1) ;

QPushButton * btn2 = new QPushButton("Action 1"), this);
connect (btn2, SIGNAL(clicked()), mapper, SLOT(map())) ;
mapper->setMapping (btn2, 2) ;

}

void MyClass::dolt(int value) {

}
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L ayout

Goal

- Internationalization : widget sizes adapt to text and font sizes
- Allow the user to resize widgets interactively

 Layout computed by toolkit => easier to program

EX| __ Engiish ___ [CIENIFS| |3 [ NN |EF| French [Layouts] [[S1ENIFN

Username: Nom d’ufllis Nom d’utilisateur:

Passwaord: hot de

Connectl

Mot de passe:

Connecter

| | |
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L ayout

Name:

Age:

A

IGandalf

Email address: [gg@troll.no

[4000

QFormLayout
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README - SDI

File  Edit Help

DB XD B

All the standard features of application main windows are provided by Qt.

Main windows can have pull down menus, tool bars, and dock windows. These
separate forms of user input are unified in an integrated action system that
also supports keyboard shortcuts and accelerator keys in menu items.

The example launcher provided with Qt can be used to explore each of the
examples in this directory.

Documentation for these examples can be found via the Tutorial and Examples
link in the main Qt documentation.

QMainWindow
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L ayout

QVBoxLayout * v_layout = new QVBoxLayout();
v_layout->addWidget(new QPushButton("OK"));
v_layout->addWidget(new QPushButton("Cancel"));
v_layout->addStretch();

v_layout->addWidget(new QPushButton("Help"));

- Layouts can be nested

- addStretch() and addSpacing()
add flexible and not flexible space
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L ayout

QVBoxLayout * v_layout = new QVBoxLayout( );
v_layout->addWidget( new QPushButton( "OK" ) );
v_layout->addWidget( new QPushButton( "Cancel" ) );
v_layout->addStretch( );

v_layout->addWidget( new QPushButton( "Help" ) );

QListBox * country_list = new QListBox( this );
country_list->insertltem("Canada");
...etc...

QHBoxLayout * h_layout = new QHBoxLayout();
h_layout->addWidget(country_list);

h_layout->addLayout(v_layout); nested layouts
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L ayout

QVBoxLayout * v_layout = new QVBoxLayout( );
v_layout->addWidget( new QPushButton( "OK" ) );
v_layout->addWidget( new QPushButton( "Cancel" ) );
v_layout->addStretch( );

v_layout->addWidget( new QPushButton( "Help" ) );

QListBox * country_list = new QListBox( this );
countryList->insertltem( "Canada" );
...etc...

QHBoxLayout * h_layout = new QHBoxLayout( );
h_layout->addWidget( country_list );
h_layout->addLayout( v_layout );

QVBoxLayout * top_layout = new QVBoxLayout();

top_layout->addWidget(new QLabel("Select a country”, this));

top_layout->addLayout(h_layout);

window->setlLayout(top_layout);
window->show( );
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[ ayout constraints

canvas : Canvas

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

Propriété Valeur
Hauteur 373
For each QWidget v sizePolicy [Expanding,...
Politique hori... | Expanding
* sizeHint = preferred size of the widget Politique verti... = Expanding
_ ] _ _ ] Etirement hori... 0
* sizePolicy : how the widget is resized Etirement vert... | 0
¥ minimumSize 300x0
- Fixed: = sizeHint Largeur 300
Hauteur 0
« Minimum: >= sizeHint ¥ maximumSize 16777215 x ..
« Maximum: <= sizeHint
settingBox : QToolBox
* Preferred: ~ SizeHint Propriété Valeur
can be shrunk, can be expanded v sizePolicy [Fixed, Pref...
. _ Politique hori... | Fixed
« Expanding: get as much space as possible, Politique verti... | Preferred
can be shrunk Etirement hori... | 0
- MinimumExpanding: same, but can't be shrunk Etirement vert... | 0
¥ minimumsSize 200x 0
* Ignored: same, ignores sizeHint Largeur 200
Hauteur 0
¥ maximumSize 16777215 x ...
Largeur 16777215
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[ ayout constraints

For each QWidget
* sizeHint = preferred size of the widget

* sizePolicy : how the widget is resized

canvas : Canvas

Main methods
* sizeHint()

setMinimumSize(), setMaximumSize()

setSizePolicy(QSizePolicy)

setSizePolicy(QSizePolicy::Policy horizontal,
QSizePolicy::Policy vertical)

setHorizontalPolicy()

setVerticalPolicy()
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Propriété Valeur
Hauteur 373

v sizePolicy [Expanding,...
Politique hori... | Expanding
Politique verti... | Expanding
Etirement hori... | 0
Etirement vert... 0

v minimumsSize 300x0
Largeur 300
Hauteur 0

¥ maximumsSize 16777215 x ..

settingBox : QToolBox

Propriété Valeur

v sizePolicy [Fixed, Pref...
Politique hori... | Fixed
Politique verti... | Preferred
Etirement hori... | 0
Etirement vert... | 0

¥ minimumSize 200x 0
Largeur 200
Hauteur 0

¥ maximumsSize 16777215 x ...
Largeur 16777215
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Styles & Style Sheets

QStyle: emulates the native "look and feel"

- The look and feel is emulated and can be changed (as with Java Swing)

Windows style ~| Motifstyle /| MotifPlus style — | CDE style /|

Platinum style || SGf siyie n Aquastyle %

QStyleSheet: for customizing the "look"
- CSS-like files

myTextEdit—->setStyleSheet('"color: blue;"
"background-color: yellow;"

"selection-color: yellow;"
"selection-background-color:
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Fvents & 2D Graphics
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Repainting a widget

A widget is repainted when needed
- When the application is started or restored (deiconified)
- When a window is shown or moved (depending on the OS, etc.)

- When requesting it explicitely by calling update()

damaged / repaint model

- Differs from 3D applications (usually, the scene is constantly repainted)
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Damaged / repaint model

update() tells the system that an area has been damaged

paintEvent() is then automatically called after processing slots

void mySlot(...)

Event v %% #&#& VvV | ..
update(region1);

Event loop update(region2);

User

~N

void paintEvent(QPaintEvent* e) {
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Damaged / repaint model

Stores requests

in a waiting list
update() tells the system that an area has been damaged / J

paintEvent() is then automatically called o

& =0~

Event loop

void mySilot(...)

update(region1);
update(region2);

Caution!

* Don't call paintEvent()
* Draw only in paintEvent()

User ! !

void paintEvent(QPaintEvent* e) {
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Notes:
repaint() redraws immediately

- for special cases (animations, etc.)

Java works the same way but:

- update() Qt == repaint() Java
« paintEvent() Qt == paint() Java
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Painting

Principle: create a subclass of QWidget that redefines paintEvent()

Canvas.h

Canvas.cpp

#include <QWidget>

class Canvas : public QWidget {
public:
Canvas(QWidget* parent) : QWidget(parent) {}

protected:
virtual void paintEvent(QPaintEvent®);

h

#include <QOPainter>
#include "Canvas.h"

void Canvas::paintEvent(QPaintEvent* e) {

// standard behavior (draws the background)
QWidget::paintEvent(e);

// creates a painter for this widget
QPainter painter(this);

painter.drawlLine(50, 10, 100, 20);
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Painting

Canvas.cpp

#include <QOPainter>
#include "Canvas.h"

Use QPainter only in paintEvent()

(because of double buffering) void Canvas::paintEvent(QPaintEvent* e) {

// standard behavior (draws the background)
QWidget::paintEvent(e);

// creates a painter for this widget

QPainter is allocated on the stack! — =———jp QPainter painter(this);
painter.drawlLine(50, 10, 100, 20);

=> auto-deleted when the function returns }

=> avoid using new!
slower
memory leak if you dont delete it !
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Detecting events

Principle: create a subclass of QWidget that redefines these functions

=> no signals / slots in this case!

void mousePressEvent(QMouseEvent®);
void mouseReleaseEvent(QMouseEvent*);

void mouseDoubleClickEvent(QMouseEvent®);

void mouseMoveEvent(QMouseEvent*); <«
void setMouseTracking(bool)

bool hasMouseTracking()
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Detects drag events

if setMouseTracking(true) was called

drag event = move event
with mouse button pressed

72




Detecting events

Canvas.h
#include <QWidget>

#include <QMouseEvent>

class Canvas : public QWidget {
public:
Canvas(QWidget* p) : QWidget(p) {

protected:
void mousePressEvent(QMouseEvent*);

h

Canvas.cpp
#include "Canvas.h"

void Canvas::mousePressEvent(QMouseEvent* e) {
if (e->button() == Qt::LeftButton) {

update(); // dont forget!
}
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Detecting events

QMouseEvent methods Canvas.cpp
#include "Canvas.h"

* button() button that triggered the event
ex: Qt::LeftButton void Canvas::mousePressEvent(QMouseEvent* e) {

if (e->button() == Qt::LeftButton) {

* buttons() State of the other buttons
(ORed mask). ex: Qt::LeftButton | Qt::MidButton

date(); // dont forget!
- modifiers() Keyboard modifiers update() ontiorge

ex: Qt::ControlModifier | Qt:: ShiftModifier }

* position() relative to the widget
Cursor position

+ scenePosition() relative to window - QCursor::pos( )

+ globalPosition() relative to screen Coordinates
- QWidget::mapToGlobal()

« QWidget::mapFromGilobal()

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif 74



lgnoring events

To ignore events

« QEvent::ignore() => The receptor ignores the event

Example: quitting an application
* When clicking on the window's close button :

* The QEvent::closeEvent() method is called

- => Redefine closeEveni() so that it calls ignore()

void MainWindow::closeEvent(QCloseEvent *e) {
e->ignore();
myMethod();

}
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Painting
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QPen

J —&
A Raitil
Stroke

Attributes

- style

* Width <e—
* brush

* capStyle

* joinStyle

default value is O
= "cosmetic pen"

Qt::PenStyle

@ Qt::PenCapStyle
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—a
width()
—

// in paintEvent|()

QPen pen; // default pen
pen.setStyle(Qt::DashDotLine);
pen.setWidth(3);
pen.setBrush(Qt::green);
pen.setCapStyle(Qt::RoundCap);
pen.setJoinStyle(Qt::RoundJoin);

QPainter painter(this);
painter.setPen(pen);
// etc....

Qt::PendoinStyle
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QBrush

black darkCyan
Attributes
darkRed darkMagenta
° Style darkGreen darkYellow
° COlor darkBlue darkGray
° gradlent lightGray
* texture

Qt::GlobalColor (predefined colors)

QLinearGradient

QRadialGradient QLinearGradient

gradient.setColorAt(0, Qt::white);
QConicalGradient gradient.setColorAt(1, Qt::blue);

QBrush brush(gradient);

gradient( QPointF(0, 0), QPointF(100, 100) );
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Qt :Hor Patter Qt::VerPattern Qt :CrossPatter:
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Qt::Linear GradientPattern  Qt::Radial GradientPatter Qt::Conical GradientPatter
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Qt::BrushStyle
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Compositing

Porter Duff operators
- Specify: F(source, destination)

- QPainter::setCompositionMode()

* Default: alpha blending (SourceOver mode)

« dest <= as * source + (1 'asrc) * Qdest * dest

Limitations
- hardware, implementation

* what your are drawing on
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Clipping

QPainter functions

- QPainter::setClipping(), setClipRect(), setClipRegion(), setClipPath()

Operations on QRegion

- united(), intersected(), subtracted(), xored() - @ (Z) o

Example: intersection between a rectangle and an ellipse

QRegion r1(QRect(100, 100, 200, 80), QRegion::Ellipse); // r1: elliptic region EETTETSS -ox
QRegion r2(QRect(100, 120, 90, 30)); // r2: rectangular region
QRegion r3 = rl.intersected(r2); // r3: intersection

QPainter painter(this);
painter.setClipRegion(r3);
...etc...
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http://qt.nokia.com/doc/4.6/qregion.html#united
http://qt.nokia.com/doc/4.6/qregion.html#xored

(Geometrical transformations

Operations

* QPainter::setTransform() See Qt demos
- translate(), rotate(), scale(), shear()

Context state

* save(), restore()

Example: Clock hand

Y Vi, QPainter painter( this );
N S painter.translate( width() / 2, height() / 2);
painter.save(); // saves current state
= ( = painter.rotate( 30.0 * ((time.hour() + time.minute() / 60.0)) );
> - painter.drawConvexPolygon( hourHand, 3 );
y . painter.restore(); // restore previous state
' I
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Picking / Interaction

— Applet Viewer: ShapeMover.class o I

Methods of QRect, QRectF, QPainterPath, etc. rone

*intersects(), contains() : returns true or false

« intersected() : returns the intersection

Drag rectangle around within the area
Applet started.

Notes

- A "tolerance" is often neeeded QRect rect;

- eg: interset a small rectangle rather than a point void mousePressEvent(QMouseEvent* e) {

if (rect.contains( e->pos())) {

_ ] _ rect.moveCenter( e->pos() );
- test if the shape contains the point update();

- test if a smaller shape contains the point }

- Trick to intersect the border of a closed shape:

void paintEvent(QPaintEvent* e ) {

QPainter painter(this);
Example
Clicking on the rectangle painter.drawRect(rect);
centers the rectangle }
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Paths

QPainterPath

- Combines graphical primitives and geometrical operations

* Provides picking for complex shapes

- Similar to Web: SVG Paths (Scalable Vector Graphics)

« QPainter::drawPath()

Operations

Move the pen: moveTo(), arcMoveTo()
Draw a line: lineTo(), arcTo()
Draw a curve: quadTo(), cubicTo()

Add a primitive: addReci(), addEllipse(), addPolygon(), addPath() ...

Text: addTexi()
Geometrical operations: translate(), etc.
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Paths

QPointF center, startPoint;
QPainterPath myPath;

myPath.moveTo( center);
myPath.arcTo( boundingRect, startAngle, sweepAngle );

QPainter painter( this );
painter.setBrush( myGradient );
painter.setPen( myPen );
painter.drawPath( myPath );

QPointF baseline(x, y);
QPainterPath myPath;

myPath.addTexi( baseline, myFont, "Qt" );

QPainter painter( this );
... etc....
painter.drawPath( myPath );
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Paths

QPainterPath path;
path.addRect(20, 20, 60, 60);
path.moveTo(0, 0);
path.cubicTo(99, 0, 50, 50, 99, 99);
path.cubicTo(0, 99, 50, 50, 0, 0);

QPainter painter(this);

painter.fillRect(0, 0, 100, 100, Qt::white);
painter.setPen(QPen(QColor(79, 106, 25), 1, Qt::SolidLine, Qt::FlatCap, Qt::MiterJoin));
painter.setBrush(QColor(122, 163, 39));

painter.drawPath(path);

. ::WindingFill
Qt::0ddEvenfFill . T at g

(default)
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Antialiasing

Anti-aliasing
+ Because of discrete geometry
« Goal: smooth contours

- Especially useful for rendering fonts (e.g. ClearType)

what is actually displayed
what you see

e 0O€1l.Jpeg

= bovary.txt

¥ build

™ cmd

& cmd.cpp or (subpixel rendering):

= peil.jpeg

‘e iframe.cpp
Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif

© 0O N O U A WO N = O

0 12 3 456 7 8 9

aliased

© 0O N O U h WO N = O

0-1-2-3 4.5-6.7 8:9

antialiased
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QPainter memo

Classes Attributes

« QPoint, QLine, QRect...
« QPointF, QLineF

- QPainterPath

« QRegion

- etc.

Drawing

« setPen() : how lines and outlines are drawn
- setBrush(') : how space if filled inside line

- setFont() : text fonts

- setTransform(') : geometrical transformations
« setClipRect/Path/Region() : clipping
 setCompositionMode( ') : composing (e.g.

alpha blendina)

- drawPoint(), drawPoints(), drawLine(), drawLines()

« drawRect(), drawRects(), fillRect(),
» drawArc(), drawEllipse()
« drawPolygon(), drawPolyline()

- drawPath(), fillPath() : combination of graphical primitives

« drawText()
- drawPixmap(), drawlmage(), drawPicture(),

. etc.
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Images

Reading / saving / drawing

* load(), save()

« QPainter::drawlmage()

RGB colors

Indexed colors

=> false colors

Qlmage image(3, 3, Qlmage::Format_ RGB32);
QRgb value;

value = gRgb(122, 163, 39); // 0xff7aa327
image.setPixel(0, 1, value);

image.setPixel(1, 0, value)

QImage image(3, 3, Qlmage::Format_Indexed8);

QRgb value;

value = gRgb(122, 163, 39); // 0xff7aa327
image.setColor(0, value);

value = qRgb(237, 187, 51); // Oxffedba31
image.setColor(1, value);
image.setPixel(0, 1, 0);

image.setPixel(1, 0, 1);
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2

https://jbrd.github.io/2008/02/01/bitmap-and-indexed-images.html
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QPicture

Enables recording graphical primitives

Record:
QPicture picture;
QPainter painter;

painter.begin( &picture ); // paint in picture

painter.drawEllipse( 10,20, 80,70); // draw an ellipse

painter.end(); // painting done

picture.save( "drawing.pic" ); // save picture
Replay :

QPicture picture;

picture.load( "drawing.pic" ); // load picture

QPainter painter;

painter.begin( &mylmage ); // paint in mylmage
painter.drawPicture( 0, O, picture ); // draw the picture at (0,0)
painter.end(); // painting done
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Scene graphs

Principle

- Scene graph = graph of objects
describing the graphical primitives
and geometrical operations

- Similar concept: JavaFX, SVG, 3D
Graphics (X3D, editors and tools)

Advantages
« graphical objects automatically repainted
+ automatic picking

« multiple synced views
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Main classes
- QGraphicsScene
- QGraphicsView
- QGraphicsltem

QGraphicsScene scene;

auto * rect = scene.addRect( QRectF(0,0,100,100) );
QGraphicsltem *item = scene.itemAt(50, 50);
QGraphicsView view( &scene );

view.show();
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OpenGL

#include <QOpenGLWidget>
#include <QOpenFunctions>

Subclass of QOpenGLWidget
that redefines:

- virtual void initializeGL( )
« virtual void resizeGL(int w, int h)
« virtual void paintGL()

class Box3D : public QOpenGLWidget, protected QOpenGLFunctions {

Q_OBJECT
public:
Box3D(QWidget * parent);

public slots:
void setXRot(int angle);
void setYRot(int angle);
void setZRot(int angle);

signals:
void xRotChanged(int angle);
void yRotChanged(int angle);
void zRotChanged(int angle);

private:
void initializeGL() override;
void paintGL() override;
void resizeGL(int w, int h) override;

int xRot, yRot, zRot;
GLfloat red, green, blue;

}
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OpenGL

#include "Box3D.h"

Box3D::Box3D(QWidget * parent) : QOpenGLWidget(parent) {
xRrot = yRot = zRot = 0.;
red = green = blue = 0.;

}

void Box3D::initializeGL() {
initializeOpenGLFunctions(); // ne pas oublier !

glClearColor(0.0f, 0.0f, 0.0f, 0.0f);
glEnable(GL_DEPTH_TEST);
glEnable(GL_CULL_FACE);
glShadeModel(GL_SMOOTH);
glEnable(GL_LIGHTING);

glEnable(GL_LIGHTO);

GLfloat lightPosition[4] = {0, 0, 10, 1};
glLightfv(GL_LIGHTO, GL_POSITION, lightPosition);
GLfloat lightColor[4] = {red, green, blue, 1};
glLightfv(GL_LIGHTO, GL_AMBIENT, lightColor);
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slots

void Box3D::setXRot(int rot) {
if (rot != xRot) {
XRot = rot;
emit xRotChanged(rot);
update();

}
}

void Box3D::setYRot(int rot) {
if (rot != yRot) {
yRot = rot;
emit yRotChanged(rot);
update();

}
}

void Box3D::setZRot(int rot) {
if (rot != zRot) {
zRot = rot;
emit zRotChanged(rot);
update();

}
}
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OpenGL

E

void Box3D::paintGL() {
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

glLoadldentity();
glTranslatef(0.0, 0.0, -10.0);
glRotatef(xRot, 1.0, 0.0, 0.0);
glRotatef(yRot, 0.0, 1.0, 0.0);
glRotatef(zRot, 0.0, 0.0, 1.0);

glBegin(GL_QUADS);
glNormal3f(0,0,-1);
glVertex3f(-1,-1,0);
glVertex3f(-1,1,0);
glVertex3f(1,1,0);
glVertex3f(1,-1,0);
glEnd();

glBegin(GL_TRIANGLES);
glNormal3f(0,-1,0.707);
glColor3f(1.0f, 0.0f, 0.0f);
glVertex3f(-1,-1,0);
glColor3f(1.0f, 1.0f, 0.0f);
glVertex3f(1,-1,0);
glColor3f(1.0f, 0.0f, 1.0f);
glVertex3f(0,0,1.2);
glEnd();
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}

glBegin(GL_TRIANGLES);
glNormal3f(1,0, 0.707);
glVertex3f(1,-1,0);
glVertex3f(1,1,0);
glVertex3f(0,0,1.2);
glEnd();

glBegin(GL_TRIANGLES);
glNormal3f(0,1,0.707);
glVertex3f(1,1,0);
glVertex3f(-1,1,0);
glVertex3f(0,0,1.2);
glEnd();

glBegin(GL_TRIANGLES);
glNormal3f(-1,0,0.707);
glVertex3f(-1,1,0);
glVertex3f(-1,-1,0);
glVertex3f(0,0,1.2);
glEnd();

void Box3D::resizeGL(int w, int h) {

int side = gMin(w, h);

glViewport((w - side) / 2, (h - side) / 2, side, side);
glMatrixMode(GL_PROJECTION);
glLoadldentity();

glOrtho(-2, +2, -2, +2, 1.0, 15.0);
glMatrixMode(GL_MODELVIEW);
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OpenGL : MainWindow

MainWindow::MainWindow(QWidget *parent) :
QMainWindow(parent)
{

Box3D * box3d = new Box3D(parent);
setCentralWidget(box3d);

createSlider(box3d, SLOT(setXRot(int)));
createSlider(box3d, SLOT(setYRot(int)));
createSlider(box3d, SLOT(setZRot(int)));

}

void MainWindow::createSlider(Box3D * box3d,
const char * slot)

{ \
QSlider * slider = new QSlider(QSlider::Horizontal, this);

connect(slider, SIGNAL(valueChanged(int)), box3d, slot);
}

int main(int argc, char **argv) {
QApplication app(argc, argv);

QSurfaceFormat format;
format.setDepthBufferSize(24);
format.setStencilBufferSize(8);
format.setProfile(QSurfaceFormat::CoreProfile);
QSurfaceFormat::setDefaultFormat(format);

MainWindow mainwin;
mainwin.setWindowTitle("OpenGL Box");
mainwin.show( );

return app.exec();

\

Type of a slot
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Qt Designer

Files
e calculator.pro
e calculator.ui
- calculator.h
» calculator.cpp
* main.cpp

P, Calculator Builder - calc... Q@@

l‘f)’ﬂfﬁﬁfﬂfl’ﬂfﬂﬂf{

calculator.pro | TEMPLATE = app
FORMS = calculator.ui
SOURCES = main.cpp

HEADERS = calculator.h

calculator.ui
* fichier XML
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Qt Designer

calculator.h

#include "ui calculator.h"

class Calculator : public QMainWindow {
Q_OBJECT

public:
Calculator(QWidget * parent = 0);
private :

Ui::Calculator * ui;

I

calculator.cpp

#include "calculator.h"

Calculator::Calculator(QWidget * parent) :

QMainWindow(parent),
ui (new Ui::Calculator)

ui->setupUi(this);

ui points to an object that contains the widgets created by Designer
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Linking with source code

How can we display the result of a calculation in a gadget created using Designer?

. Calculator Builder - calc... E]@E]
Outpu
ifﬂfﬂfﬂﬂfi’ﬁfﬁh’fﬁ{
0

spinbox1 spinbox2 result

\ names given to these widgets

in Designer
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#include "ui_calculatorh"

class Calculator : public QMainWindow {
Q_OBJECT

public:
Calculator(QWidget *parent =0);

private :
Ui::Calculator * ui;

private slots :

Hidden file
ui_calculator.h

void on_spinbox1_valueChanged(int value); e "auto-connect” slots

void on_spinbox2_valueChanged(int value);

h

#include "calculator.h

void Calculator::on_spinbox1_valueChanged(int value) {
QString res = QString::number(value);

// or: QString res = QString::number(ui->spinbox1->value());

result, spinbox1, etc. are:

¢ the names of the widgets
in Designer

e variables declared
in ui_calculator.h
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Auto-connection

P Calculator Builder - calc... @@@

Pfﬂfﬂfﬂﬂﬁfl’fﬁfﬁf{

spinbox1 spinbox2 result

¢ Name of the gadget in Designer: spinboxi
¢ Name of the signal: valueChanged

e => the slot on_spinbox1_valueChanged() is auto-connected
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gFindChild & dynamic loading

class Calculator : public QWidget { : :
#include <QtUiTools>

Q_OBJECT #include "calculator.h
public:

Calculator(QWidget *parent = 0); Calculator::Calculator(QWidget *parent) : QWidget(parent) {
private: QUiLoader loader;

QSpinBox * spinbox1{}; QFile file(":/forms/calculator.ui®);

QSpinBox * spinbox2{}; file.open(QFile::ReadOnly);

QLabel * result{}; QWidget * widget = loader.load(&file, this);
b file.close();

spinbox1 = gqFindChild<QSpinBox*>(this, "spinbox1");
result, spinbox1, etc. can also spinbox2 = gFindChild<QSpinBox*>(this, "spinbox2");

be retrieved using qFindChild | result = gFindChild<QLabel*>(this, "result");
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« Promotion »

Promote
- Allows using client objects in Designer

[ NON ) MainWindow

. New Open Save

Colors i Modifier objectName... -
Transformer en >
= Modifier toolTip... 3135
= ‘J Modifier whatsThis... jes
0 ~ | Modifier la feuille de style... t
ors i . ohic
0o - Contrainte de taille >

}  Promouvoir en R canvas ‘f

| Promouvoir en... e —
— slider_3 sa
: Aller au slot... ar

Placer en arriére plan pti
Amener au premier plan

i

o

 F—

Size
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Examples

QtCreator > Accueil

ccueil

Editer

©

(o
N

Projets

(&)

Aide

opengl

Tutoriels

Nouveau sur Qt ?

Apprendre comment
développer vos propres
applications et explorer Qt
Creator.

Démarrer

L QtAccount
- Communauté en ligne

m Blogs

o Guide utilisateur

Qt 5.7.0 clang 64bit

Interactive Mobile Phon...

Tags : canvas3d phone mobile
interactive

Qt 3D: Audio Visualize...

Tags : audio visualizer qt3d

Qt Quick Demo - Clocks

Tags : clocks demo quick

(o]

opengl - Qt Creator

| Recherche dans les exemples...

Map Viewer (QML)

Tags : location viewer gml map

Qt 3D: Planets QML Example

Tags : gml planets qt3d

Qt Quick Demo - Maroon i...

Tags : in trouble demo quick maroon
android

Planets Example

Tags : canvas3d planets

»

Qt Quick Controls 2 - Gallery

Tags : quick controls controls2 gallery

Qt Quick Demo - Phot...

Tags : surface photo demo quick

QML Video Shader Effect...

Tags : gml multimedia android shader

video effects

1000
ss6831

N U o
w o ©

7
4
1
0

Qt Quick Demo - Calglatr

Tags : demo calglatr quick android

Qt Quick Demo - Sam...

Tags : same game demo quick

P. Type to locate (38K)

Problémes Search Results Sortie de |'application

Sortie de compilation
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Debugger Console
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Performance issues
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Flicker

Flickering

- https://www.youtube.com/watch?v=QoZ8L1quWnc
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Double buffering

Problem
- Drawing performed directly on the screen

- The eyes perceive changes

Double buffering

- 1) Draw in the back buffer (hidden)

- 2) Copy in the front buffer (on the screen)
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Page flipping

Page Flipping

Alternate solution

1. Draw

- exchanges buffers instead / é}J

of copying them

Back Buffer

graphics
o
¥ Screen
Primary Surface
2. Flip
A B
_ ‘ Primary Surface
graphics .:[ 'il

Screen

Oracle/JavaSE
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Tearing

Tearing
« https://www.youtube.com/watch?v=1nFBtTg0DHo

COMPUTER ‘

FRONT
BUFFER

\ 4
A

. B
MONITOR

_’ BACK
w BUFFER
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Tearing

Problem

 The back buffer is copied too early!

_} BACK
BUFFER

- A mixture of 2 successive frames appear on the screen

Synchronization needed ! COMPUTER ‘
- Adaptive VSync (Vertical synchronization) or similar FRONT
BUFFER

- Drawback: slower (input lag)

A4
A

. B
MONITOR
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Multiple buffering

Faster

« One of the 2 back buffers is always ready

« The font buffer can be updated without waiting

—)
—)

COMPUTER

BACK
BUFFER

BACK
BUFFER
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L atency

Problem

- Delay when drawing interactively with the
mouse

ll"

Eil/ )
'lll ll' i

I =
7N
[

Reason

- The graphics card can't draw so many
graphical primitives fast enough

- Note: double buffering can't help!

Solutions?
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L atency

Solution 1: skip some updating steps

- Drawback: may be jerky!

Events

> O

N

void paintEvent(QPaintEvent* e) {
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void mouseMoveEvent(QMouseEvent* e)

if (delay < MAX_DELAY) update();

}

\ Don't redisplay systematically
e.g. if delay from previous move event

is too long

/ update asynchronously
e.g. use a QTimer to update
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L atency

t redraw all elements

don'

Solution 2

112

drawing all elements

- Problem: double buffering requires

Eric Lecolinet - Télécom ParisTech - Qt et graphique interactif




L atency

Solution 2: don't redraw all elements

- Problem: double buffering requires drawing all elements!
- Solution: Backing store
- Store what does not change in an image

- Display the image then the part that has changed
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Concurrency

Events are processed sequentially i | —

=> The Ul freezes if a slot or a callback function :

- Takes long time to execute

* Never returns

Typical examples

- Heavy calculations

* Network applications (using sockets, etc.)

- ex: Web browser

* External sensors
» ex: Kinect
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Concurrency

Reason : damaged/repaint model ——— .

C © wwwlemonde.fr *O Ry
Easites E30ocs [ MM B Tad [ digituc [PUBLIS & CHI2018WS  DIVAHCERES () HCERES [ CAAFIHM (1) F{AFIHM-CA  » £ Autres favoris

Ty ]

bl k d h ' & INTERNATIONAL POLITIQUE SOCIETE ECO CULTURE IDEES PLANETE SPORT SCIENCES PIXELS CAMPUS T LEMAG EDITIONABONNES =
Climat Afghanistan Brexit  Harcblement sexvel Turqule Crise en Catalogne ~ Les décodeurs

ENCEMOMENT | Bourse

Trains, voitures, bus : les transports ralentis par
d’importantes chutes de neige

27
W=

void mySlot(...)

update();
: b update(x, y, w, h); |
Event V N A V1 . =<

update(region1);
Event loop update(region2);
User ------

void paintEvent(QPaintEvent* e) {
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Threads

Events

1st case: the slot launches a thread

- mySlot() returns immediately

- myAction() terminates later

« ex : Web page
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void mySlot() {
starts a thread

void myAction() {
executed in a thread
sends data
returns

i)
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Threads

void mySlot() {
starts a thread
Events > > }

void myAction() {
executed in a thread
while (true) {
send data

2nd case : the thread is constantly running

« A server, a device, etc. sends data continuously

- myAction() runs a loop

e ex : retrieve Kinect data
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Threads

® ©® ] e vonder- Actaités et x P’

Problem: threads must not change the GUI ! = LT

S'abonner au Monde  partirdo 1 ¢ .l

* because the event loop "lives" in the main thread Le Monde ¢

# INTERNATIONAL POLITIQUE SOCIETE ECO CULTURE IDEES PLANETE SPORT SCIENCES PIXELS CAMPUS T LEMAG  EDITION ABONNES

- common problem with GUI toolkits

Le Monde.fr 1€LESGIAOIS
OFFRE RESERVEE
100% NUMERIQUE AUX18-25 ANS.

EN CONTINY
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Threads

void mySlot() {
starts a thread
Events > > )

void myAction() {
executed in a thread
while (true) {

void anotherSlot() { send signal
updates the GUI

} }

Solution |
connect(tracker, SIGNAL(dataReady(QString)),
 signals can be sent between threads this, SLOT(showData(QString))
- connect() provides a queuing mechanism Qt::QueuedConnection);

- optional argument: Qt::ConnectionType
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QThread

class Tracker : public QThread {
Q_OBJECT
public:
Tracker(const QString& host, int port);
signals:
void dataReady(const QString& data);

private:

void run() { // executed in a new thread

bool ok = true;
QString data;

while (ok) {
data=.....; /1 retrieve data
emit dataReady(data);

}

class MyWindow : public QMainWindow {
Q_OBJECT

Tracker * tracker{};

public slots:
void showData(const QString& data);

public:
MyWindow(QWidget* par) : QMainWindow(par) {
tracker = new DTracker(hostname, port);

connect(tracker, SIGNAL(dataReady(QString)),
this, SLOT(showData(QString))
Qt::QueuedConnection);

tracker->start();  // starts the thread

dataReady() and ShowData() live in different threads !
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